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Abstract: The paper attempts to determine the degree of impact of discharged wastewater from five treatment
plants on the Bug River ecosystem and its inflow, the Kamianka. For laboratory tests, samples of bottom sedi-
ments and aquatic plants were collected in 2014. The content of heavy metals: Zn, Pb, Ni in bottom sediments and
aquatic plants (root, stem, leaf) growing close to the discharge of purified sewage, were analyzed. The amount
of metals in the samples was determined applying the AAS method in its flame version. The average content
of the metals determined in bottom sediments from the study points located before the treatment plant were
Zn - 21.8; Pb - 11.5; Ni - 13.7 mg-kg™". However, the content of these metals was higher in samples from the collec-
tion points which were located after the place of purified sewage discharge and amounted to: Zn - 34.3; Pb - 12.2;
Ni - 16.9 mg-kg™. The test plants were Acorus calamus L., Nuphar lutea L., Typha angustifolia L. The content of
metals in the individual parts of macrophytes (root, stem, leaf) was as follows: Zn > Pb > Ni. In the bottom sed-
iments and aquatic plants of the Bug and Kamianka rivers, a higher content of lead, zinc and nickel was found
after the discharge of treated sewage in relation to their content than before discharge, but it was not a threat to
the aquatic environment of the watercourses studied. Statistical analysis showed that the amount of sewage dis-
charged to the tested receivers influenced the content of organic matter, zinc and nickel in bottom sediments.
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INTRODUCTION for the ecosystem and human health (Banerjee &
Gupta 2013, Dou et al. 2013, Raza et al. 2016).

Increased heavy metal content in an aquatic envi- Bottom sediments are good indicators of the

ronment is the result of, among other things, the
discharge of sewage from industrial production,
the mining and processing of mineral raw mate-
rials, the functioning of cities and water transport
(Donahue et al. 2000, Brack et al. 2001, Lindstrom
2001a, 2001b, Mecray et al. 2001). As a result of the
continuous increase of heavy metal content in the
natural environment, they are considered a glob-
al problem due to their properties, i.e. non-biode-
gradable, toxic and bio-accumulation properties,
which leads to potential long-term consequences

degree of river environment pollution (Nocon
2006, Kucuksezgin et al. 2008, Essien et al. 2009),
and contamination of aquatic sediments is one of
the main environmental problems due to their po-
tentially negative impact on biological resources
and, indirectly, on human health. Sediments are
a store for the majority of potentially toxic sub-
stances that reach both rivers and lakes (Skor-
bifowicz 2012) and therefore, due to the higher
concentration of contaminants in comparison
to their content in water, they are an important
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indicator in the study of environmental pollution
(Banach & Chlost 2005, Wang et al. 2014, Xu et
al. 2014).

In aquatic ecosystems, heavy metals occur not
only in bottom sediments, but also in plants and
animals. The accumulation of metals by macro-
phytes depends on the concentration of a given
metal in water and sediments (Lin & Zhang 1990).
According to Albers & Camardese (1993), the con-
tent of heavy metals in macrophytes can be up to
100,000 times higher than their amount in water.
Aquatic plants are often used to monitor the con-
tent of heavy metals and pesticides in the aquatic
environment (Klumpp et al. 2002).

The area covered by the research is situated in
the central part of the Bug River catchment (Pod-
laskie province - 3 sewage treatment plants and
Lubelskie province - 2 treatment plants). This re-
gion is only slightly affected by man and the main
sources of pollution on the analyzed section of the
river are treated municipal sewage and, to a small
extent, industrial wastewater. The paper attempts
to determine the degree of impact of discharged
treated wastewater from five treatment plants on
the Bug River ecosystem and its inflow, the Kami-
anka. The content of metals (Pb, Zn, Ni) in bot-
tom sediments and aquatic plants (root, stem,
leaf) near the discharge of treated wastewater was
analyzed.

METHODS

Study area

The Bug River catchment is located in north-west
Ukraine, south-west Belarus and central-eastern
Poland. The total length of the Bug River (from
springs in Ukraine to the Zegrzynski Zalew) is
755 km, including almost 185 km in Ukraine and
the catchment area in Poland is 39.420 km?, with
the Bug River being the fourth largest river in Po-
land. The Kamianka River is the right tributary of
Bug with a total length of 23.41 km, and its catch-
ment area is 127.2 km®. The Kamianka River is
a receiver of wastewater discharged from the mu-
nicipal sewage treatment plant in Siemiatycze. The
area covered by the research is in Podlasie prov-
ince in the Siemiatycze district (the sewage treat-
ment plants in Siemiatycze, Drohiczyn and Miel-
nik) and in Lubelskie province, Bialskie commune
(the purification plant in Terespol) and Wlodawa

commune (the wastewater treatment plant in
Wlodawa).

The analyzed treatment plants and sampling
points for bottom sediments and aquatic plants
are presented in Figure 1. The wastewater treat-
ment plant in Wlodawa is a mechanical and bio-
logical treatment plant and sewage is directed to
the sewage treatment plant by a common gravi-
tational collector delivering household sewage to
the catchment point, as well as sewage from slur-
ry tankers. Wastewater from the meat and tan-
ning industry is supplied to this treatment plant,
as well as municipal sewage from the village and
municipal commune of Wlodawa, as well as sew-
age from the auxiliary unit of the commune (vil-
lage): Szuminka and Suszno and sewage managed
by the Jezioro Biale Water and Sewage Compa-
ny from the villages of Okuninka and Orchowek.
The average daily flow of the treatment plant in
Wtodawa currently amounts to 4.800 m>.d™, al-
though in practice the amount of incoming sew-
age to the treatment plant varies from 2.015 m*-d™
to 2.694 m>d". The treated wastewater is dis-
charged into the Bug River.

The sewage treatment plant located in Terespol
is a mechanical and biological treatment plant, to
which sewage is supplied due to sanitary sewage
(pressure and gravity) that drains the sewage from
645 residential buildings, and is also transported
by slurry tankers. The discussed sewage treatment
plant also removes pollutants from the transport
sewage, industrial plants, as well as technologi-
cal and sanitary sewage from the area. The aver-
age daily capacity of the Municipal Sewage Treat-
ment Plant in Terespol reaches 1000 m*.d™, while
in practice the amount of incoming sewage into
the treatment plant is 400 m’-d™". Wastewater after
treatment is discharged into the Bug River.

The sewage treatment plant located in Mielnik
is a mechanical and biological treatment plant of
the SBR type, to which sewage is supplied from
the sanitary sewage system and sanitation ve-
hicles. The capacity of the treatment plant is
Q,,= 230 m*.d™". Treated wastewater is discharged
into the Bug River.

The wastewater treatment plant located in Dro-
hiczyn is a mechanical and biological treatment
plant used only by the inhabitants of this city. The
average daily sewage inflow is Q, = 330 m’.d™.
Treated wastewater is discharged into the Bug River.
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Fig. 1. The analyzed treatment plants and sampling points for bottom sediments and aquatic plants

The wastewater treatment plant in Siemia-
tycze is a mechanical and biological treatment
plant with enhanced nutrient elimination. It pu-
rifies the sewage that reaches the sewage treat-
ment plant by slurry tanker, as well as via the
sanitary sewage system. Currently, about 56% of
Siemiatycze’s residents use the sanitary sewer-
age system. The discussed sewage treatment plant
also removes impurities from industrial wastewa-
ter from dairy and fruit and vegetable processing.
The average daily capacity of the treatment plant
is 4.730 m’.d'; in practice, the amount of incom-
ing sewage to the treatment plant varies from
3.800 m*-d™' to 4.200 m*-d™". Treated wastewater is
discharged into the Kamianka River.

Analysis

In order to determine the content of heavy metals
in bottom sediments and macrophytes near the
treated wastewater discharge sites, the following
measurement points were located in: Wlodawa 1, 2,

Terespol 3, 4, Mielnik 5, 6, Drohiczyn 7, 8, and
Siemiatycze 9, 10 (Fig. 1). Samples of bottom sed-
iment and aquatic plants for laboratory analyses
were collected in 2014 about 60 m before and after
the treated sewage discharge site on the Bug River
and 20 m before and after the treated sewage dis-
charge site on the Kamionka River. Bottom sedi-
ment samples were collected from sites where no
other interaction sources were found near the pu-
rified wastewater collectors. According to Bielski
(2012), to show a potential environmental change
in bottom sediments due to the sewage discharge
from the treatment plant, it is advisable to per-
form studies on undeveloped watercourse sec-
tions. Further fragments of studied rivers are al-
tered by other tributaries to such a degree that any
study would not provide the opportunity to assess
environmental changes due to wastewater dis-
charge, because the contaminant load in tributar-
ies predominates. Rutherford (1994) claims that,
in fact, the complete mixing of the wastewater
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within a short distance from the discharge is in-
cidental. Determining the distance of full mixing
should be considered on a given river inter-sec-
tion - both vertical and cross-section. Based on
studies on the self-cleaning process of the Juma
River in China, it was found that mixing the water
with purified sewage depends mainly on the vol-
ume and flow rate of river water, bottom sediment
load and the presence of aquatic vegetation (Tian
et al. 2011). Solutions based on the morphological
parameters of aquatic objects (among others, river
bed width) are often applied to determine the size
of the mixing zone. In many European countries,
mixing zones are determined by means of river
width (Skorbitowicz et al. 2017).

Bottom sediments were collected from the
river bank, where suspended material is precip-
itated (Bojakowska 2001). Several single samples
of surface bottom sediments were collected at
each selected measurement point from a depth
of 5-10 cm beneath the water surface. After ho-
mogenizing the material, representative samples
of about 1000 g were obtained and samples were
then air-dried and stored before determination
(Lis & Pasieczna, 1995). Before analyses, bottom
sediment samples were dried at 40°C and sieved
through 200 pm mesh. According to Forstner &
Wittmann (1981), fractions between 20-200 um
grain size are suitable for the evaluation of the
contamination impact. They are a representative
majority in sediment and therefore determine
the transport of toxic substances. The selection
of < 200 pm was also dictated by the possibility
of comparing the achieved results with the geo-
chemical monitoring of Polish aquatic sediments.
Bottom sediments were digested in hydrochloric
and nitric acids at a 3:1 ratio in a CEM hermetic

Table 1
Results of the validation of the test method used

microwave system. All determinations were made
in triplicate. The content of metals in the bottom
sediments were analyzed by applying an AAS ICE
3500 Thermo Scientific atomic absorption spec-
trometer. The results were verified using certified
reference material NCS DC 73317a (Tab. 1). The
content of organic matter was specified based on
the weight difference of samples before and after
being burned at 450°C. Sediment was analyzed
using the potentiometric method.

The results of metal content obtained were ex-
pressed relative to the air-dried sediments and
compared to literature data. In addition, the av-
erage quantity of metals from analyzed measure-
ment points was compared with the arithmetic
mean for these metals in bottom sediments for
Poland (Lis & Pasieczna 1995). To assess the de-
gree of sediment contamination with heavy met-
als, the classification of aquatic sediments in Po-
land based on geochemical criteria was used
(Bojakowska & Sokofowska 1998) as well as
threshold values taking into account the harm-
ful impact of contaminants accumulated in sed-
iments on aquatic organisms (Bojakowska 2001).
The geo-accumulation index (I,,,) was calculated
using (Miiller 1979):

Cu
zgeflogz(m j )

where:
C, - content of the analyzed metal [mgkg™],
GM - geochemical background [mgkg™].

In terms of the geochemical background, the
average content in shales was assumed [mgkg™]:
Zn - 95, Pb - 20, Ni - 68 (Turekian & Wedepohl
1961).

Specification Unit Pb Cr Zn
Wavelength [nm] 217.0 357.9 213.9
Content in the certified reference material NCS DC 73317a. 555 43 780
Measured content in reference material NCS DC 73317a 549 42 775
Content in the certified reference material ERM - CD281 » 1.67 24.8 30.5
Measured content in reference material ERM - CD281 (mg'kg"] 1.60 24.3 29.9
Content in the certified reference material LGC7162 1.8 2.15 24
Measured content in reference material LGC7162 1.9 2.09 23
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The I,
non-contaminated sediment - class 0 (I, < 0),
contaminated sediment -

(0 <I,, < 1), moderately contaminated sediment -
class 2 (1 < I, < 2), averagely contaminated sedi-
ment - class 3 (2 < I, < 3), strongly contaminated
sediment - class 4 (3 < I, < 4), very strongly con-

taminated sediment - class 5 (4 < I,,, < 5), extreme-

value distinguishes seven classes:

weakly class 1

ly contaminated sediment - class 6 (I, 2 5).

Each test plant sample (Tab. 2) was composed
of at least ten single sub-samples (Djingova et al.
2004). After delivery to the lab, the collected roots,
stems, and leaves were very thoroughly washed
with tap water and then distilled water. They were
then dried to a constant weight at 80°C. After
drying, samples of roots, stems, and leaves were
homogenized and digested in a CEM microwave
system in a mixture of hydrochloric and nitric ac-
ids at high temperature and pressure, according
to the CEM method. The content of heavy metals
was determined by means of the AAS technique.
The correctness of the method was verified by
comparing the achieved results with the charac-
teristics of two plant certified reference materials:
grass mixture - ERM - CD281 and strawberry
leaves - LGC7162). Calculated measurement er-
ror did not exceed 5% of certified value.

The obtained results of the studied metals con-
tent were expressed in reference to the dry mat-
ter of plants and compared to literature data
also for dry matter. The physiological norm of
metal content for plants was given according to

Table 2

Kabata-Pendias & Pendias (1999) and Markert
(1992). The result analysis included the calcula-
tion of the bio-concentration coefficient expressed
as a ratio of the metal content in a plant root to the
metal concentration in bottom sediment, as well
as the enrichment index that was expressed by the
ratio of metal content in stems and leaves to that
in sediment.

Basic statistics including arithmetic mean,
standard deviation (+), median, maximum and
minimum were given for the obtained results. Be-
fore statistical analysis, the distribution compatibil-
ity of the investigated metals in bottom sediments,
water plants, as well as sediment characteristics and
the amount of sewage discharge with normal dis-
tribution at p = 0.05 level was checked. Most metals
in sediments and aquatic plants, as well as sediment
characteristics, were compatible with the normal
distribution. However, there was no compatibil-
ity with normal distributions and the amount of
sewage discharge. The correlation between Pb, Zn
and Ni content in sediments, its characteristics and
parts of plants (root, stem, leaf) was assessed with
Pearson’s (r) parametric correlation test. The corre-
lation between wastewater amounts and the metal
content in sediments and aquatic plant parts was
tested using the nonparametric Spearman’s rang
correlation test. Spearman’s correlation was also
used due to the number of variables (amount of
wastewater) taken for analysis. Statistical calcula-
tions were made with the use of the Statistica 13.1
program.

List and description of the macrophyte species collected from ten sample points on Bug River (Szoszkiewicz et al. 2010)

and on the banks of rivers and lakes

Sites Plant type Species
Acorus calamus L. is common throughout Poland except in mountain
1,2,3,4,5,6 areas, it can be found in swamps, wet meadows, marsh areas, ditches Acorus calamus L.

Nuphar lutea in Poland occurs mainly in lowland areas where it is
a common plant. It grows in river waters which are abundant in organic

%10 substances at a depth of 50 to 200 cm, as well as in places where the Nuphar lutea
bottom of the riverbed is sandy-silty or muddy
Typha angustifolia L. in Poland it appears in lowland areas, but rare in
mountain ones. It grows at a depth of up to 1.5 m in slow-flowing rivers,

7,8 and in stagnant waters, it is also found in ditches on sandy or loamy Typha angustifolia L.

substrates. The plant develops only in areas where its rhizomes and
roots are constantly immersed in water

Geology, Geophysics and Environment, 2017, 43 (4): 311-325
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RESULTS AND DISCUSION

An important factor that determines the adsorp-
tion of metals is sediment grain-size distribution.
Fine particles with a larger surface area to molec-
ular weight ratio will have better adsorption capa-
bility than larger particles with a smaller surface
area. Coarse-grained sediments in sandy fractions
may also contain high concentrations of metals,
which is a result of the presence of heavy minerals
(Ciszewski & Aleksander-Kwaterczak 2015). The
analyzed bottom sediments had a loose sand and
light loamy sand nature. The presence of organ-
ic matter in bottom sediments played an advanta-
geous role in retaining the contaminants due to the
sorption capacity. According to Hu et al. (2013),
the amount of organic substances in sediments
can be a good indicator of metal bio-availability
and their mobility due to their affinity with heavy
metals. The content of organic matter (OM) in sed-
iments varied and ranged between 1.4-24.0%. The

Table 3

lowest content of organic matter was found at the
measurement points 3 and 4 (Terespol), while the
highest was in bottom sediments originating from
points 5 and 6 (Mielnik). Probably the presence of
forest in the catchment is the source of the alloch-
thonous-origin the organic matter precipitated in
bottom sediments near these points. The content
of the organic matter behind the treated wastewa-
ter discharge was higher, indicating an accumula-
tion of organic matter in sediments, the source of
which could be insufficiently treated sewage. The
exception was the treatment plant in Wlodawa
(Tab. 3). The pH of the sediments from the Bug Riv-
er ranged between 6.77-7.36 pH, while those from
the Kamianka River were between 6.53-6.94 pH.
It was found that discharged purified wastewater
contributes to a decrease in bottom sediment pH.
For all of the studied points, the pH of sediments
after the treated sewage discharge was lower, indi-
cating the interaction of purified wastewater with
the aquatic environment of rivers.

Content of heavy metals, pH and organic matter in the bottom sediments of the Bug and Kamianka rivers

c sub Heavy metals content
River Measurement points pH Organic substance [mg - kg™']
content [%]
Pb Zn Ni
1 before 7.06 6.40 10.83 23.16 16.65
Wiodawa
2 behind 6.87 6.00 10.94 45.12 21.10
3 before 7.36 1.40 11.78 18.84 12.70
Terespol

4 behind 6.89 1.80 13.02 19.80 12.95
River Bug

5 before 7.24 21.40 10.45 27.15 15.60

Mielnik
6 behind 6.81 24.00 10.85 42.78 18.95
7 before 7.02 10.80 11.18 16.83 10.80
Drohiczyn

8 behind 6.77 12.00 11.50 21.99 12.45

9 before 6.94 15.60 13.47 23.09 12.95
Kamianka Siemiatycze

10 behind 6.53 18.40 14.63 41.73 18.80

Principal statistical data
L 11.87 = 28.05 15.30 =
+

Mean + standard deviation 11.78 138 10.85 345
Median 11.40 11.34 23.13 14.28
Minimum 6.53 1.40 10.45 16.83 10.80
Maximum 7.36 24.00 14.63 45.12 21.10
Geochemical background 205,107 | 95,48" 68,5

* According to Turekian & Wedephol (1961).
** According to Bojakowska & Sokotowska (1998).
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The contents of lead, zinc, and nickel in the
bottom sediments of the Bug and Kamianka riv-
ers are presented in Table 3. The average content
of analyzed metals from measurement points 1,
3, 5, 8, 9 located before the treatment plant was:
Pb - 11.54; Zn - 21.81; Ni - 13.74 mgkg™". After
the discharge of purified wastewater, quantities of
studied metals increased: Pb — 12.18; Zn — 34.28;
Ni - 16.85 mgkg™ in bottom sediments at sam-
pling points 2, 4, 6, 7, 10. The study reveals that
the largest concentrations of zinc and nickel were
introduced by the treatment plant in Wloda-
wa. At measurement point 1 after this plant, the
zinc content was 45.12 mg-kg™', while nickel was
21.10 mg-kg™'. The machinery, tanning, and meat
industry factories also deliver wastewater to the
municipal sewage treatment plant in Wlodawa.
The largest contents of lead (14.63 mgkg™) were
recorded below the treated wastewater discharge
on the Kamianka River, into which sewage from
the treatment plant in Siemiatycze is discharged.
Among the sewage treatment plants analyzed,
those in Wlodawa and Siemiatycze are character-
ized by the highest amounts of discharged waste-
water to the receivers. The most frequently seen
ranges of Pb, Zn and Ni concentrations in raw and
treated city sewages were shown in Table 4.

The chemical composition of bottom sedi-
ments in rivers is greatly affected by the geological

structure and soil cover of the catchment. The
content of metals in sediments can also result
from the geo-chemical nature of a given element
or bottom sediment properties. Nevertheless, the
largest quantity of metals occurs in bottom sed-
iments in proximity to contamination sources
and this was reflected in our findings. It should
also be stated that metals present in a river can be
transported in the form of a suspension with an
organic substance or with loamy fractions. Their
mobility within the environment is enhanced due
to pH or redox potential change, thus constitut-
ing both a potential and real threat to an aquatic
ecosystem.

The geochemical atlas of Poland (Lis & Pasiecz-
na 1995) indicates that the arithmetic mean for
the studied Polish rivers is: 68 mgkg™ for lead,
247 mg-kg™ for zinc, whereas much lower values
were obtained for them in the present study, while
in the case of nickel it was higher. According to
the classification by Bojakowska & Sokotowska
(1998), all of the studied sediments were con-
sidered uncontaminated. When analyzing the
geo-accumulation index (Tab. 5) for all of the
studied metals (Pb, Zn, Ni), which for 100% of
bottom sediment samples reached negative val-
ue, it is clear that, according to the classification,
these sediments can be qualified as uncontami-
nated (class 0).

Table 4
Pb, Zn and Ni concentrations in city and municipal wastewater
Pb Zn Ni
raw treated raw treated raw treated
References
wastewater wastewater wastewater wastewater wastewater wastewater
[mg-dm™]
Dusza & Zablocki no data no data no data no data 0.001-0.061 0.0004-0.024
(2009) mean 0.005 mean 0.002
Cyprowski & Krajewski 0.1-13.0 0.08-10.4 0.1-133.0 0.06-79.8 0.04-7.30 0.016-2.92
(2003) mean 0.65 mean 0.39 mean 0.067 mean 0.027
Yadav et. al (2002) 0.19 0.15 0.07 0.04 0.12 0.05
Own, original,
. 0.20 0.19 0.33 0.15 0.10 0.09
unpublished data
Highest acceptable
metal concentrations in
discharged wastewater 0-5 2.0 0.5
(Rozporzadzenie 2014)
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Table 5
Values of the I, coefficient
Igeo
River Measurement points
Pb Zn Ni

1 before -1.47 -2.62 -2.61

Wtodawa :
2 behind —-1.46 -1.66 -2.27
3 T | before -1.35 -2.92 -3.01

erespo
4 P behind 120 285 298
Bug

5 S before -1.52 -2.39 -2.71

Mielnik -
6 behind -1.47 -1.74 -2.43
7 Drohi before -1.42 -3.08 -3.24

rohiczyn

8 Y behind 138 270 3.03
. 9 o before -1.16 -2.63 -2.98

Kamianka Siemiatycze -
10 behind -1.04 -1.77 -2.44

Similar dependencies were recorded by Jeelani
et al. (2017) on the Suoxu River in China, to which
wastewater from treatment plants is discharged:
the total metal concentration was Pb - 15.2 + 27.3,
Zn - 35+ 156, Ni - 15.3 + 41 mg kg™". In compar-
ison with the contents of the studied elements in
the bottom sediments from the Bug and Kamian-
ka Rivers, similar or higher metal contents were
recorded in Europe and Asia (Tab. 6), which os-
cillated within [mgkg™]: 21.11-128 (Pb), 63.84-
261.74 (Zn), 31.80-106.00 (Ni).

The subject of study also consisted of three spe-
cies of aquatic plants: Acorus calamus L., Nuphar lu-
tea L., Typha angustifolia L. Aquatic species reflect
heavy metal contents in the natural environment
and are a complement of bottom sediment stud-
ies (Skorbitowicz 2014). Contents of lead, zinc, and

nickel in individual parts of macrophytes varied
(Tab. 7). Average concentrations of analyzed met-
als from measurement points 1, 3, 5, 8, 9 located be-
fore the treatment plant were: for Pb - 10.60 mg-kg™
(root), 998 mgkg" (stem), 10.05mgkg" (leaf),
Zn - 38.30mgkg" (root), 24.06 mgkg™ (stem),
28.14 mgkg" (leaf), Ni - 9.02mgkg™” (root),
4.86 mgkg"' (stem), 8.96 mgkg' (leaf) mgkg™.
After the discharge of treated wastewater, quanti-
ties of studied metals increased: Pb - 11.17 mg-kg™
(root), 10.90 mgkg™ (stem), 10.74 mgkg™ (leaf)
Zn - 4459 mgkg' (root), 36.93 mgkg™ (stem),
3492 mgkg" (leaf), Ni - 11.29 mgkg™ (root),
8.48 mg-kg ™" (stem), 11.71 mgkg™ (leaf), in sampling
points 2, 4, 6, 7, 10. The plant material confirmed
that sewage treatment plants affect the increase in
metal contents in the aquatic environment of rivers.

Table 6
Comparison of heavy metal content in bottom sediments for other world rivers
. Mean content + SD [mg-kg™]
Study object References
Pb Zn Ni
Bug and Kamianka rivers 11.87 £ 1.38 28.05 +10.85 15.30 £3.45 this study
Polish rivers 68.00 247.00 11.00 Lis & Pasieczna (1995)
Luan River, China 22.11 £ 10.96 75.52 + 46.21 NT Liu et al. (2009)
Gediz River,Turkey 128.00 = 15.00 160.00 £ 15.00 106.00 £ 10.00 Akcay et al. (2003)
Almendares River, Cuba 92.58 +43.26 261.74 + 157.14 NT Olivares-Rieumont et al. (2005)
47.13 £21.98 255.00 + 288.05 43.31 £ 8.95 Yang et al. (2008)
Yangtze River, China
27.30 £ 5.60 94.30 £ 23.90 31.80 £ 7.20 Zhang et al. (2009)
Kali River, India 32.16 63.84 NT Maurya & Malik. (2016)
Mahandi River, India 123.00 117.00 47.00 Sundaray et al. (2011)
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The study revealed that the largest concentrations
of lead, zinc, and nickel are introduced by the sew-
age treatment plant in Siemiatycze. At measurement
point 10 below that plant, the highest contents of
analyzed metals were recorded, with the exception
of zinc in stem. The study also showed higher levels
of analyzed metals in plant roots than in stems or
leaves for most cases and especially visible for zinc.
Cardwell et al. (2002) also reported the differentia-
tion of zinc distribution over a plant; in general, the
highest zinc contents occurred in roots, while it was
lower in stems and leaves. Zinc is an element that
is necessary for the functioning of plants but in ex-
cess it can be harmful. Higher zinc concentrations
in roots may also point to the protective barrier that
limits the transport of excessive amount of zinc to
stem and leaves. Achieved results from plant mate-
rial analyses indicate the absence of aquatic environ-
ment contamination with this element (Kabata-Pen-
dias & Pendias 1999). The lead results in test plant
species did not exceed the toxic level of 30 mgkg™,
but they were not within the range of natural val-
ues (Kabata-Pendias & Pendias 1999). Lead is a very
widespread element in the environment. According
to Ali etal. (2004) and Liu et al. (2008), lead is a very
toxic metal that affects the growth and development

of plants. Nickel, in low doses, is necessary for the ap-
propriate functioning of plants (Jeelani et al. 2017).
The results achieved from the analyses of plant ma-
terial showed a slight contamination of the aquatic
environment due to nickel. The contents of studied
metals varied in roots, stems, and leaves in a se-
quence Zn > Pb > Ni. In order to compare the con-
tents of lead, zinc, and nickel in bottom sediments
as well as in roots, stems, and leaves of test aquat-
ic plant species, the bio-concentration factor (BCF)
and enrichment coefficient (BF) were used (Tab. 8).
In terms of root-sediment, average values of the
coefficient were: Pb (0.91); Zn (1.68) and Ni (0.67).
Slightly lower average values of the coefficient were
recorded for the relation between stem-sediment
(Pb - 0.88; Zn - 1.21; Ni - 0.45) and leaf-sediment
(Pb - 0.97; Zn - 0.75; Ni - 0.66). Table 9 presents the
results of aquatic plant tests from Poland and Argen-
tina — contents of lead and nickel in both cases were
on comparable levels, while in the case of zing, its
amount was clearly lower in the studied sections of
the Bug and Kamianka rivers in relation to examples
from Argentina and Poland. It is noteworthy that in
the presented list, both the highest (the Pitawa River)
and the lowest (the Bug and Kamianka rivers) values
for zinc were recorded in Poland.

Table 9
Comparison of heavy metal content in macrophytes for other world rivers
Mean content + SD [mg-kg™]
Study object Plant species References
Pb Zn Ni
Acorus calamus,
Bug and Kamianka rivers | Nuphar lutea, Typha | 10.57 £1.78 34.49 £ 11.06 9.05+ 3.44 this study
angustifolia L.
S;(;l(;:a River, Argentina 792 +4.30 52.5 +47.8 5.68 + 5.26
( ) . . Harguinteguy
Stuckenia filiformis etal. (2014)
suquia River, Argentina 8.26 + 4.48 60.0 + 42.6 9.30 + 4.82
(2009)
Xanaes‘ River, Cérdoba, MyrzopP.zyllum 200 + 0.80 87.00 + 84.00 14.00 + 8.70 Harguinteguy
Argentina aquaticum et al. (2013)
Elodea canadensis 6.20 £ 3.40 255.00 + 34.00 6.60 £ 2.10
Olobok River, Poland
> Potamogeton
crispus 6.80 +0.10 278.00 + 1.50 8.50 £ 0.10 Samecka-
Cymerman &
Elodea canadensis 23.00 + 6.80 304.00 + 58.00 2140+ 6.50 | Kempers (2007)
Pitawa River, Poland
Fotamogeton 2100+ 620 | 293.00+58.00 | 22.00 560
crispus
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Statistical analysis was performed between
the studied indicators in bottom sediments and
aquatic plants (Tab. 10), which showed the cor-
relation of Zn and Ni in the organic matter con-
tent of the bottom sediments of the studied rivers.
This is confirmed by correlation coefficients (r) of
0.46; 0.30, respectively, at p < 0.05. The correla-
tion is caused by the specific properties of organic
colloids, which are natural sorbents of heavy met-
als in the environment (Migaszewski & Gatusz-
ka 2007). Statistical calculations also showed
a strong relationship between Zn and Ni content
in sediments as confirmed by the correlation co-
efficient r = 0.94 at p < 0.05. Enrichment of sedi-
ments with an organic substance is always accom-
panied by its enrichment with other components,
including heavy metals. The described relation-
ships allow us to state that the main source of
organic matter in bottom sediments and related
metals are treated wastewater discharged by the
sewage treatment plants analyzed during fluctu-
ations in their necessary degree of purification.
In the sampling sites, no other sources of tested
components were found except sewage discharge.
The high variability of the chemical composition

of the flowing water of sewage receivers does not
allow us to clearly determine the impact of dis-
charging treated wastewater on the aquatic en-
vironment as opposed to the much less variable
composition of bottom sediments and macro-
phytes.

Statistical calculations also showed strong re-
lationships between Pb content in bottom sedi-
ments and macrophyte roots and their individual
organs: bottom sediment - root (r = 0.90), bottom
sediment - stem (r = 0.91), bottom sediment — leaf
(r = 0.88). This strong correlation is caused by the
specific properties of organiccolloidswhicharenat-
ural sorbents of heavy metals in the environment
(Migaszewski & Galuszka, 2007). One was also
found in the Pb content of the macrophytes them-
selves: root — stem (r = 0.95), root — leaf (r = 0.98)
and stem - leaf (r = 0.98). In the case of Zn, there
was only a moderate correlation between bottom
sediment - leaf (r = 0.40), root — leaf (r = 0.50). On
the other hand, a slightly stronger correlation oc-
curred in the case of Ni bottom sediment - root
(r = 0.57), root — stem (r = 0.36), root — leaf
(r=0.41) and a strong dependence between stem —
leaf (r = 0.74).

Table 10
Relations between tested indicators in bottom sediments and aquatic plants
Indicator SE (Iili_ s(e)(livi[- scl::i- SZ(;Ii— sgiii— Root | Stem | Leaf | Root | Stem | Leaf | Root | Stem | Leaf
ment | ment | ment | ment | ment Pb Pb Pb Zn Zn Zn Ni Ni Ni

pH sediment 1 -033 | -0.53 | -0.56 | —=0.39 | —=0.34 | -0.52 | 0.42 | -0.50 | 0.03 045 | -0.52 | -=0.33 | 0.16
OM sediment| —0.33 1 -0.01 | 0.46 | 0.30 0.17 | 0.28 | 0.30 | -0.31 | -0.52 | 0.33 | 0.52 | -0.41| 0.27
Pb sediment | —0.53 | —0.01 1 0.05 | -0.08 | 0.90 | 0.91 0.88 | 0.81 | -0.06 | 0.79 | 0.51 0.69 | 0.36
Zn sediment | -0.56 | 0.46 | 0.05 1 0.94 0 0.21 0.10 | -0.05 | 0.14 0.39 | 0.63 0.11 0.15
Nisediment | -0.39 | 0.30 | —0.08 | 0.94 1 -0.21 | 0.02 0.11 | -0.20 | 0.10 0.25 | 0.57 0.11 0.12
Root Pb -0.34 | 0.17 0.90 0 -0.21 1 0.95 098 | 0.72 | -0.04 | 0.84 | 0.50 | 0.57 | 0.38
Stem Pb -0.52 | 0.28 0.91 0.21 0.02 0.95 1 098 | 0.68 | -0.10 | 0.90 | 0.63 | 0.64 | 0.46
Leaf Pb -0.42 | 0.30 | 0.88 | 0.10 | —0.11 | 0.98 0.98 1 0.68 | —-0.14 | 0.87 | 0.56 | 0.56 | 0.36
Root Zn -0.50 | -0.31 | 0.81 | -0.05| -0.20 | 0.72 | 0.68 | 0.68 1 0.25 | 0.50 | 0.12 0.74 | 0.35
Stem Zn 0.03 | -0.52 | -0.06 | 0.14 0.10 | -0.04 | -0.10 | 0.14 | 0.25 1 0.06 | -0.01 | 0.37 | 0.59
Leaf Zn -0.45 | 0.33 0.79 | 039 | 025 | 0.84 | 090 | 0.87 | 0.50 | 0.06 1 0.85 | 0.63 0.51
Root Ni -0.52 | 0.52 | 0.51 0.63 | 0.57 | 050 | 0.63 | 0.56 | 0.12 | -0.01 | 0.85 1 0.36 | 0.41
Stem Ni -0.33 | -0.41 | 0.69 0.11 0.11 0.57 | 0.64 | 0.56 | 0.74 0.37 | 0.63 | 0.36 1 0.74
Leaf Ni -0.16 | -0.27 | 0.36 | 0.15 012 | 0.38 | 0.46 | 036 | 0.35 | 0.59 | 0.51 0.41 0.74 1
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During the conducted analyzes, it was verified
whether there was a correlation of the content of
studied metals in bottom sediments and macro-
phytes on the amount of wastewater discharged
(Tab. 11). Spearman’s rank order correlations were
used for analyzes and the following correlations
were obtained: amount of sewage discharged-or-
ganic substance (0.90), Zn sediment (0.70), Ni sed-
iment (0.60), Ni root (0.60). It turned out that the
amount of discharged sewage may primarily af-
fect the organic matter in bottom sediments and
then the content of Zn and Ni in them.

Table 11
Relations between the tested indicators in sediments and
aquatic plants vs. amount of sewage

Indicator Sewage amount
pH sediment -0.10
OM sediment 0.90
Pb sediment -0.90
Zn sediment 0.70
Ni sediment 0.60
Root Pb -0.60
Stem Pb -0.60
Leaf Pb -0.60
Root Zn -0.90
Stem Zn -0.50
Leaf Zn -0.60
Root Ni 0.60
Stem Ni -0.90
Leaf Ni -0.80
CONCLUSIONS

In the bottom sediments and aquatic plants of the
Bug and Kamianka rivers, a higher content of lead,
zinc and nickel was found after the discharge of
treated sewage in relation to their content before
discharge but this did not constitute a threat to the
aquatic environment of the watercourses studied.
The content of the organic substance behind
the discharge of treated wastewater was higher in
relation to its content before the discharge, which
indicates the accumulation of organic matter in
bottom sediments, the source of which may not al-
ways be well-treated wastewater. At all of the test-
ed points, the pH of sediments after the discharge

of treated wastewater was lower, which indicates
the effect of treated wastewater on the river aquat-
ic environment in the absence of other disturbing
emissions. The study showed the correlation of Zn
and Ni content in bottom sediments to the organ-
ic matter content in them, which is rather typical
due to the natural properties of organic matter.
As a result of the research data analysis, the
strong correlation of Pb content in the individual
organs of the tested macrophytes on its content in
bottom sediments was demonstrated. Therefore,
the thesis was confirmed that macrophytes are
a good bioindicator of the aquatic environment in
the case of Pb studies. Statistical analysis showed
that the amount of sewage discharged into the
tested receivers influenced the content of organic
matter, zinc and nickel in bottom sediments.
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