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1. Introduction and work's aim

Surface water contamination results from natural processes (atmospheric
precipitation, rock weathering, erosion) and anthropogenic ones (industrial pro-
cesses and agricultural activities) (Al-Shami et al. 2011, Brankov et al. 2012,
Getirana et al. 2011, Kowalik et al. 2015, Mouri 2012, Sultan 2011, Pickutin
2011, Policht-Latawiec et al. 2014). In agricultural areas, water contamination
with biogenic compounds has a marked influence on the condition of biological
and physio-chemical elements (Kanclerz et al. 2008). Surface water contamina-
tion may be either point source pollution or nonpoint source pollution
(Galczynska et al. 2011, Kowalik et al. 2015, Policht-Latawiec et al. 2013). In
2014, there were operating 88 entities, including 75 municipal and 13 industrial
ones, disposing of their wastewater into the environment, in the area of the River
Bug catchment. Nonpoint source pollution in particular includes surface runoff
from agricultural areas, runoff of rainfall from road, yard and other paved sur-
faces (Raport... 2015). In catchments, whose total area includes a large share of
agriculturally suitable land, the surface water quality is predominantly affected
by nonpoint source pollutants (Bogdat & Ostrowski 2007, Kiryluk & Rauba
2009). They pose a threat to the functioning of water ecosystems, and influence
water quality, which in turn affects the attractiveness of rivers and adjoining areas
(Jaskuta et al. 2015, Pytka et al. 2013). Water quality status is of special im-
portance as far as the Rive Bug is concerned as the river, due to its marked natu-
ralness, is called the last wild river in Europe (Ku$mierczyk 1999). The results of
water monitoring provide much data which is difficult to analyse and interpret
(Przybyta et al. 2015). To this end, statistical analysis methods are used, mainly
descriptive statistics procedures with visualisation in the form of box plots, non-
parametric tests and multidimensional analyses (Brahman et al. 2013, Grzywna
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et al. 2017, Kowalik et al. 2015). It was attempted in the present work to conduct
a complex statistical analysis of variation in chemical parameters of the River
Bug as affected by locality and season (month).

2. Materials and methods

The international catchment of the River Bug covers an area of 39.4 th km?
and is part of the Baltic Sea basin. Almost half (49.2%) of the catchment area is
located in Poland, 23.4% in Belarus and 27.4% in Ukraine. Total nitrogen and phos-
phorus loads from the Ukrainian stretch of the Bug as well as the Belarusian rivers
Muchawca and Le$na account for around 50% of the cross-border pollution rec-
orded in the Polish Baltic catchment area. Of the overall 10.5 th tonnes per year of
cross-border nitrogen and phosphorus pollution entering the River Bug, 72% (7.6
th tonnes) originated in Ukraine, and 28% (2.9 th tonnes) in Belarus (Raport ...,
2015). The Polish part of the Bug catchment is located in the following voivode-
ships: Lubelskie, Podlaskie and Mazowieckie. The River Bug is 772 km long.
About 14% of the Bug catchment area is protected by the international, national or
regional law. In the catchment area, there is located the Polish-Ukrainian Interna-
tional West Polesie Biosphere Reserve as well as 18 areas of the European Ecolog-
ical network Nature 2000. The area is primarily devoted to agriculture. In the pre-
sent work, contamination analysis of the River Bug water in Lubelskie Voivode-
ship was undertaken. The Bug water quality examination is performed by the Voi-
vodeship Inspectorate for Environmental Protection in Lublin (WIOS). Hydrother-
mal conditions are presented in figure 1.
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Fig. 1. Precipitation at the Wiodawa station in 2015-2017
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Analysis was based on the data of monitoring carried out in 2015-2017
at eight measurement points: Krylow, Zosin, Horodto, Dorohusk, Wtodawa, Ku-
zawka, Kukuryki and Krzyszew (Fig. 2) in February, April, June, August, Octo-
ber and December. The distances between the measurement points were 40, 10,
39, 59, 19, 43, 9.6 km, respectively. Throughout these months, readings were
taken at all the localities during three years. As a result, data analysis was con-
ducted for each locality based on eighteen measurements.
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Fig. 2. Location of measurement points

The following chemical parameters were analysed: X; — dissolved oxygen
(mg Oy/1), X, —BOD (mg O/1), X3 — sulphates (mg SO4/1), X4 — chlorides (mg CI/1),
X5 —total phosphorus (mgP/1). X¢ —ammonium nitrogen (mg N-NH4/1), X7 — nitrate
nitrogen (mgN-NOs/1) and X5 — nitrite nitrogen (mg N-NO,/1). Experimental factors
were localities and months when measurements were taken. The first stage of sta-
tistical analysis involved checking whether the localities and months had an influ-
ence on variation in chemical parameters. To that end, a two-way analysis of vari-
ance and the Kruskal-Walis test were applied.

Two-way analysis of variance was applied for normally distributed vari-
ables (Xi-Xs). It followed the linear model for a completely randomised design:

yijl = m + a; + bj + abjj + €1 )]
where:
yijii — value of the examined characteristic,
m — population mean,
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a; — effect of the i-th level of factor A (localities),

b; — effect of the j-th level of factor B (month of measurement),
abjj — effect of interaction A x B, ejji — random error.

Means were separated using Tukey test at p < 0.05.

For traits Xs-Xs, which were not normally distributed, transformations
were used (Bliss, log and arc sin transformation) but they were not effective so
Kruskal-Wallis test was applied. Differences between groups were checked by
means of multiple comparisons test.

Principal component analysis and cluster analysis were used in order to as-
sess the complex variation in localities in individual months in terms of all the ana-
lysed characteristics (chemical parameters). Principal component analysis is a tech-
nique of dimension reduction. It transforms original variables into new, non-corre-
lated variables called principal components. They explain to the greatest degree the
total variance of a sample of p primary variables xi, ..., Xy, that is the value:

> =1(S), @

where:
S — sample covariance matrix,
tr — trace of the matrix,

2

s{" — variance of the variable xj, j = 1, ..., p (Krzy$ko 2009).

The first principal component reduces the greatest amount of this varia-
tion, the second one reduces the second greatest part of the variation which has
not been reduced by the first component, etc.

Analysed and interpreted were the components whose eigenvalue, ac-
cording to the Kaiser's criterion, was higher than 1 (Kaiser 1958).

Cluster analysis was performed on the basis of the principal components.
The analysis is a tool used for grouping n objects described by means of a vector
of p characteristics. It involves grouping of objects which are similar in terms of
many characteristics. The groups are determined by means of measures of dis-
tance, the Euclidean distance being used in the analysis reported here:

d(xp, %) = \/zi’:l(xri —x5)?, 3)

where:
x; and x; — p-dimensional vectors of observation of r-th and s-th object
(r,s=1,2,...,n) (Marek 1989; Krzysko 2009).
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Ward method, in which sums of squares of deviations within clusters are
kept to a minimum, was used in order to estimate the distance between clusters.
Mojena rule was applied to determine the cut-off point of the dendrogram (cluster
similarity level). The cut-off point is the bond distance for which the following
inequality is true:

di+1 > (_1 + de; (4)

where:

d and sq — respectively, mean and standard deviation of d,

k — a value within the range 2.75 to 3.50 (Mojena 1977). The value k was selected
to be 1.25 as recommended by Milligan and Cooper (1985).

All the calculation were performed in STATISTICA 12.0.

3. Results and discussion

Variance analysis demonstrated significant differences between dis-
solved oxygen contents in the water of the River Bug stretching from Zosin to
Krzyszew. The highest average value of this parameter was observed in Wlodawa
(10.91 mg O,/1), Kuzawka (10.77 mg O»/1) and Dorohusk (10.16 mg O,/1), and it
was significantly higher than in the stretch between Zosin and Krytow. The
amount of dissolved oxygen in Krzyszewo and Kukuryki did not differ signifi-
cantly from values at the remaining measurement points (tab. 1). Statistical anal-
ysis confirmed there were differences in dissolved oxygen content between sea-
sons of the year. Regardless of the measurement point, in the winter months (De-
cember and February) dissolved oxygen content was higher than in the summer
months (August and June) (Tab. 2). Oxygen content and temperature are the pa-
rameters which condition life in the water environment. Also, they are interre-
lated: oxygen solubility in water is temperature-related and it declines as temper-
ature increases (Kowalik et al. 2015).

Total phosphorus content in water changed along the river course, it being
the highest from Kirylow to Zosin and from Kururyki to Krzyszewo. Phosphorus
content in the analysed three-year period was the lowest from Dorohusk to Ku-
zawka. Phosphorus content in water was significantly affected by season of the
year, it being the highest in October and the lowest in April. The concentration of
this element in December did not differ from the content in October and February.
Statistical analysis demonstrated a significant interaction between localities and
month of measurement, which means that phosphorus content for localities dvaried
in individual months (Fig. 3). The average phosphorus content in Krytow, Horodto
and Zosin was statistically the same and ranged from 0.207 to 0.363 mg P/l. In
Dorohusk, Wtodawa and Kuzawka, phosphorus content, averaged across the three
study years, was the highest in October and the lowest in April. The respective



Statistical Evaluation of Variation of the River Bug Water ... 677

values were 0.303, 0.347, and 0.327 mg/l in October, and 0.220, 0.110, and
0,113mg/1 in April. Phosphorus content in water between Kukuryki to Krzyszew
was the lowest in April as well (0.173 and 0.143 mg/l, respectively). Changes in
river water chemical composition are caused by surface run-offs from fields fer-
tilised with organic manures and mineral fertilisers which contain high amounts
of substances applied seasonally. A higher water content of phosphorus in autumn
was reported by Igras & Jadczyszyn (2011) whereas Jaskuta et al. (2015) claimed
that a decline in the concentration of phosphorus compounds from January to
April may be due to dilution of wastewater caused by more intense flows. High
amounts of phosphorus enter the water environment with sewage from house-
holds and farm buildings (Dabkowski & Pawtat-Zawrzykraj 2003, Kiryluk &
Ruba 2011, Krasowska 2017).

Sulphate content was related to localities and months of measurement.
No significant interaction between the aforementioned factors was observed,
which is indicative of the fact that at all the measurement points, the distribution
of sulphate content in months was similar. The highest and comparable concen-
tration of sulphates was recorded in Krytow (89.02 mg SO4/1), Zosin (81.34 mg
SO4/1) and Horodto (76.67 mg SO4/1). Sulphates were significantly lower in water
from Dorohusk (68.11 mg SO4/1) through Wtodawa (70.39 mg SO4/1) to Kuzawka
(66.00 mg SO4/1), it being the lowest in Kukuryki (54.44 mg SO4/1) and Krzyszew
(52.89 mg SO4/1) (tab. 1). The lowest sulphate content was recorded in August
(58.41 mg SO4/1), and the highest in December (86.62 mg SO4/1). Also Krasow-
ska (2017) recorded the highest concentration of sulphates in December, which
according to the author, was due to a low water level. In the period February-
June, sulphate content remained at a similar level (Tab. 2).

Chloride content was significantly affected by localities and months. No
statistically significant location x month interaction was confirmed. The highest
chloride content was determined in the river stretch from Krytow to Zosin, it be-
ing the lowest in Kuzawka and Krzyszew. The amount of this substance in Ku-
kuryki was similar to the quantity determined in Wtodawa.

Analysis of variance revealed that, in the three-year study period, BOD
values at the measurement points were similar, them being affected by the study
months only. An interaction between months and measurement points for this char-
acteristic was insignificant. The lowest BOD value was found in October (3.14 mg
0,/1) and December (3.54 mg O/1), it being the highest in June (4,21 mg O,/1) and
August (4,35 mg O»/1). BOD values in February and April differed insignificantly
from values determined for the remaining months.
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Table 1. Average dissolved oxygen content, total phosphorus content, sulphates,
chlorides and BOD by locality

Locality | Dissolved oxygen | Total phosphorus | Sulphates | Chlorides | BOD
Dorohusk 10.16* 0.24° 68.11° 36.94¢4 | 3.89°
Horodto 9.70° 0.28* 76.67%® 39.82% | 3.940
Krytow 9.40° 0.31° 89.02° 46.39* | 3.78*
Krzyszew 9.823 0.26%® 52.89¢ 31.61% | 3.83¢
Kukuryki 9.88a® 0.30° 54.44¢ 34.13% | 4.05°
Kuzawka 10.772 0.22° 66.00 31.50¢ | 3.622
Wilodawa 10.912 0.24° 70.39° 32.94% | 3422

Zosin 9.41° 0.28a 81.342 43.14% | 3.76°

Means followed by the same letters (in columns) differ insignificantly at p<0.05.

Table 2. Average dissolved oxygen content, total phosphorus content, sulphates,
chlorides and BOD by month

Month Dissolved oxygen Total ?}::Spho_ Sulphates | Chlorides | BOD
February 10.64%® 0.25° 72.67° 34.15° | 3.81%®
April 9.87% 0.18¢ 71.12° 31.85° | 3.67%®
June 9.39¢ 0.29%® 64.00% 32.68° | 4.21°
August 8.714 0.26° 58.41% 40.67* | 4.35°
October 9.79bcd 0.332 66.32% 43.63* | 3.14°
December 11.64* 0.29 86.62° 39.40° | 3.54°

Means followed by the same letters (in columns) differ insignificantly at p<0.05.
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Fig. 3. Total phosphorus content by locality and month
Means accompanied by the same letters (between measurement points) differ insignifi-
cantly at p < 0.05

Ammonium nitrogen content differed at localities, it being the highest in
Kukuryki (0.65 mg N-NH4/1) and Krzyszew (0.56 mg N-NH4/I). The amount of
N-NOy4 in Kukuryki differed significantly from values determined at the remain-
ing measurement points. Moreover, the concentration of this parameter in
Krzyszew differed significantly from the content in Dorohusk, Wlodawa and Ku-
zawka. Ammonium nitrogen content was also affected by months, it being higher
in December and February than in the remaining months (Fig. 4). In months with
higher temperatures, the concentration of ammonium ions is lower due to nitrifi-
cation and utilisation of ammonium nitrogen by plants (Ligocka 2018). In con-
trast, in the period when temperatures are lower the concentration of ammonium
ions increases (Gatczynska et al. 2009).

The concentration of nitrate nitrogen in Krytow, Zosin and Horodlo was
the highest, as indicated by the maximum values and medians. The highest vari-
ation in this characteristic was recorded in Dorohusk, Wtodawa and Kuzawka.
Nitrate nitrogen content was the lowest and the least variable in August, and the
highest in February and December (Fig. 5).

Nitrite nitrogen content in Wtodawa, Kuzawka and Kukuryki was lower
than in Zosin and Horodto. The Kruskal-Walis test revealed that this parameter
was affected by months, whereas the test of multiple comparisons demonstrated
that nitrite nitrogen content in October differed from values for the remaining
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months. The concentration of this substance had the highest median and the great-
est variation (Fig. 6). According to Sullivan and Drever (2001) as well as Clark
et al. (2004), changes in the concentration of biogenes, nitrates in particular, are
associated with the season. A decline in the substances in the spring-summer pe-

riod may be due to increased decomposition of organic matter.
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Fig. 6. Total nitrite nitrogen by locality (a) and month (b)

Table 3. Values of Kruskal-Wallis test (H) checking significance of differences
between localities and months

Ammonium nitrogen | Nitrate nitrogen | Nitrite nitrogen

Locality
Value of the test H | 48.61(p = 0.000) [14.96 (p =0.031)(39.95 (p = 0.000)
Month
Value of the test H | 42.37 (p = 0.000) |78.54 (p = 0.000)24.68 (p = 0.000)

The applied methods made it possible to compare both localities and
months, viewed separately, in terms of the concentration of many chemical pa-
rameters. Assessment of variation of objects and their simultaneous grouping ac-
cording to many characteristics may be achieved by means of multidimensional
analyses (Madry 2007). Multi-trait variation between localities in individual
months was assessed using principal component analysis. In February, three prin-
cipal components accounted for over 91% of variation between localities, the first
components explaining over 50% of this variation (Tab. 4). The following char-
acteristics were the most strongly associated with PC1: total phosphorus content,
ammonium nitrogen content, sulphates, BOD and chlorides. Mutual multidimen-
sional relationships showed that at localities where phosphorus content was
higher, higher concentrations of sulphates, chlorides and BOD where determined
in addition to a lower ammonium nitrogen content. Negative associations be-
tween ammonium nitrogen content and phosphorus content were reported by Li-
gocka (2018).



682 Katarzyna Rymuza, Elzbieta Radzka

Table. 4. Eigenvalues, share of principal components in the overall variation and corre-
lation coefficients between the components and water chemical parameters

February April
Item

PCl1 PC2 PC3 PC1 PC2
X1 — Dissolved oxygen 0.537 | -0.801 -0.096 0.769 0.405
X2 —BOD 0.827 0.102 -0.442 -0.474 -0.618
X3 — Sulphates 0.872 0.176 0.424 -0.753 0.504
(X4 — Chlorides 0.785 0.564 0.087 -0.957 0.183
X5 — Ammonium nitrogen -0.911 0.348 -0.044 -0.025 -0.859
X6 — Nitrate nitrogen 0.257 -0.751 0.491 -0.959 0.124
(X7 — Nitrite nitrogen -0.061 0.331 0.821 -0.997 0.062
X5 — Total phosphorus 0.932 0.300 -0.147 -0.932 -0.118
Eigenvalue 4.115 1.885 1.330 5.08 1.60
Cumulative variance (%) 51.45 75.01 91.64 63.5 83.56

June August

PC1 PC2 PCl1 PC2 PC3
X1 — Dissolved oxygen 0.665 0.693 0.905 0.257 0.113
X2 —BOD 0.978 0.055 -0.648 -0.040 0.734
X3 — Sulphates -0.906 | 0.277 0.924 -0.345 0.144
X4 — Chlorides -0.943 | -0.142 0.433 -0.749 0.491
X5 — Ammonium nitrogen 0.542 -0.830 -0.806 -0.351 -0.302
(X6 — Nitrate nitrogen -0.975 | -0.207 0.699 -0.648 -0.261
(X7 — Nitrite nitrogen -0.955 | -0.217 -0.084 -0.961 -0.207
(X5 — Total phosphorus 0.871 -0.410 -0.646 -0.733 0.078
[Eigenvalue 6.02 1.52 3.84 2.75 1.02
Cumulative variance (%) 75.28 94.40 48.04 82.44 95.22

October December

PC1 PC2 PC3 PC1 PC2
X1 — Dissolved oxygen 0.821 0.496 0.141 0.816 -0.546
X2 —BOD -0.688 | -0.599 -0.374 -0.869 0.394
X3 — Sulphates -0.956 | 0.203 -0.071 -0.886 | -0.425
(X4 — Chlorides -0.694 | -0.501 0.515 -0.991 0.035
X5 — Ammonium nitrogen 0.585 -0.723 -0.316 0.812 0.324
X6 — Nitrate nitrogen -0.930 | 0.269 -0.061 -0.830 | -0.452
(X7 — Nitrite nitrogen 0.359 | -0.774 -0.070 -0.951 0.228
Xs — Total phosphorus 0.073 -0.303 0.949 -0.923 | -0.025
[Eigenvalue 3.88 2.18 1.44 6.20 1.02
Cumulative variance (%) 48.57 75.85 93.83 78.64 91.11
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The second principal component was the most strongly associated with
dissolved oxygen content and nitrate nitrogen. At localities where dissolved ox-
ygen content was higher, there was more nitrate nitrogen in water. The third prin-
cipal component was most strongly correlated with nitrite nitrogen. In April, var-
iation between localities was to the greatest extent affected by nitrogen content
(nitrite nitrogen and nitrate nitrogen associated with PC1, and ammonium nitro-
gen associated with PC2), phosphorus content and chlorides. In June, the first two
principal components accounted for over 90% of variation between localities, the
parameters with the greatest influence being BOD, nitrate and nitrite nitrogen
contents, chlorides, sulphates and phosphorus content. In August, multi-variable
differences between river stretches were associated with dissolved oxygen con-
tent, nitrite and ammonium nitrogen contents as well as total phosphorus content.
The characteristics which affected the multi-trait variation between the measure-
ment points in October included: nitrate nitrogen, sulphates and dissolved oxygen
content, all of them being associated with the first principal component which
accounted for 48.57% of variation. The second principal component carried in-
formation on chlorides whereas the third component was associated with phos-
phates. PCA demonstrated that in December variation between localities was af-
fected by most of the parameters associated with the first principal component
accounting for 78.64% of variation, in particular nitrite nitrogen, total phosphorus
and chlorides. Similar associations resulting from principal component analysis
were reported by Przybyla et al. (2015) who demonstrated that for river waters
the following parameters were positively correlated with the first principal com-
ponent: dissolved oxygen content, calcium content, magnesium content and water
hardiness whereas chlorides, phosphates and conductivity were associated with
the second component. Similarly to research by Krasowska (2017), PCA made it
possible to analyse season-related variation in the concentration of chemical sub-
stances in rivers.

Cluster analysis conducted based on principal components enabled clas-
sification of measurement points into two or three groups characterised by differ-
ent chemical parameters according to month in which measurements were taken.
Three groups were formed in August only. The first group was made up of
Horodlo, Kryléw and Zosin, the second one included Krzyszew and Kukuryki
whereas the third one consisted of Wlodawa, Kuzawka and Dorohusk. In the re-
maining months, two clusters were formed. The first cluster of localities with
similar chemical parameters was formed by Krzyszew, Kukuryki, Wlodawa as
well as Kuzawka, and the second one by Zosin, Horodto, Kryté6w and Dorohusk

(Fig. 7).
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Table 5. Average values of characteristics for groups of localities formed based on clus-
ter analysis

Group

Dissolved oxygen
BOD

Sulphates

Chlorides
Ammonium nitrogen
Nitrate nitrogen
Nitrite nitrogen
Total phosphorus

February
1 10.40 324 | 6492 | 29.83 0.69 2.49 0.04 0.18
2 10.88 438 | 81.02 | 3848 0.24 2.58 0.04 0.31
April
1 10.27 3.58 | 63.50 | 27.08 0.19 1.28 0.02 0.13
2 9.49 377 | 78.76 | 36.62 0.13 2.95 0.06 0.23

June
1 10.39 5.36 54.33 28.33 0.16 0.27 0.02 0.34
2 8.39 3.06 73.68 37.03 0.07 1.28 0.12 0.23

August
1 9.22 428 | 76.29 | 45.11 0.15 1.03 0.04 0.26
2 7.78 443 | 42.17 | 37.50 0.60 0.23 0.04 0.34
3 9.17 434 | 5749 | 37.63 0.13 0.11 0.01 0.20
October

1 10.23 3.57 | 69.28 | 34.10 0.64 2.26 0.05 0.23
2 11.05 4.06 | 76.66 | 34.21 0.28 2.81 0.03 0.27

December
1 12.08 3.09 | 76.75 34.75 0.66 2.58 0.02 0.27
2 11.20 398 | 96.50 44.06 0.43 3.28 0.04 0.32

3 9.22 428 | 76.29 | 45.11 0.15 1.03 0.04 0.26
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The average ammonium nitrogen content was higher in localities forming
the first cluster (ranging from 0.19 to 0.69 mg/l depending on the month). Moreo-
ver, at these measurement points, there were recorded higher dissolved oxygen con-
tents in April (10.27 mg/1), June (10.39 mg/l) and December (12.08 mg/1), as well
as phosphorus in June (0.34 mg/1). In August, the lowest average sulphate content
(42.17 mg/l) and dissolved oxygen content (7.78 mg/l) were determined in
Krzyszew and Kukuryki (group 2) in addition to the highest ammonium nitrogen
content (0.60 mg/1), phosphorus content (0.34 mg/l) and BOD (4.43). The average
dissolved oxygen content (9.22 mg/l), sulphates (76.29 mg/l) and nitrate nitrogen
content (1.03 mg/l) were the highest in Horodto, Krytow and Zosin (group 1). Lo-
calities which formed group 3 (Wlodawa, Kuzawka and Dorohusk) had a relatively
high average dissolved oxygen content (9.17 mg/l), and the lowest amount of nitrite
nitrogen (0.01 mg/1) and total phosphorus (90.20 mg/l) (Tab. 5).

4. Conclusions

The concentration of chemical substances and compounds in the River
Bug differed at individual measurement points (localities) and in study months.

Phosphorus content, sulphates and chlorides declined along the course of
the river. BOD did not differ at individual localities. Dissolved oxygen content
was the highest in the stretch from Dorohusk to Wlodawa. Ammonium nitrogen
content was the highest in Kukuryki and Kuzawka whereas nitrate and nitrite ni-
trogen contents were the highest from Zosin to Horodto.

In winter months, there was an increase in the concentration of ammo-
nium ions, dissolved oxygen content, sulphates and chlorides. In the summer,
BOD and phosphorus content were on the increase whereas sulphates and nitrate
nitrogen content declined.

Principal component analysis demonstrated that differences in the chem-
ical sta tus of the River Bug water between the measurement points resulted
mainly from the concentration of nitrogen compounds, total phosphorus content
and chlorides.

Cluster analysis made it possible to divide the analysed stretch of the River
Bug into two parts with different chemical status in February, April, June, October
and December. The first part included the following measurement points:
Krzyszew, Kukuryki, Wlodawa and Kuzawka, all of which had higher average con-
centrations of ammonium nitrogen, dissolved oxygen and total phosphorus. The
second part, consisting of Krytéw, Zosin and Horodto, was characterised by in-
creased average concentrations of BOD, sulphates and chlorides.

In August, the examined river stretch was divided into three clusters. The
first cluster was made up of Horodlo, Krytéw and Zosin which had the highest
dissolved oxygen content, sulphates and nitrate nitrogen. The second cluster,
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characterised by the highest average dissolved oxygen content and sulphates,
consisted of Krzyszew and Kukuryki whereas the third cluster (Wtodawa, Ku-
zawka and Dorohusk) included localities with the lowest amount of nitrite nitro-
gen and total phosphorus.
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Abstract

The work presents analysis of chemical condition of the water of the River Bug
stretch extending from Kirytowo to Krzyszew. The analysis was preformed based on data
of monitoring of surface water quality available on the website of Voivodeship Inspec-
torate of Environmental Protection in Lublin (WIOS) spanning the years 2015-2017.
Eight measurement points and the following months were considered: February, April,
June, August, October and December. Analysis of variance and Kruskal-Wallis test were
used to analyse the effect of localities and months on selected chemical indicators. The
concentrations of nearly all the parameters (excluding BOD) were found to be influenced
by the localities. Phosphorus content, sulphates and chlorides increased along the course
of the river. Also, the analysis revealed that the concentration of ammonium ions, dis-
solved oxygen, sulphates and chlorides increased in winter. Multidimensional analysis
demonstrated that differences in chemical conditions between the localities were predom-
inantly due to nitrogen compound content, total phosphorus content and chlorides. Cluster
analysis showed that in nearly all the months (excluding August) the tested stretch of the
River Bug could be divided into two parts with different chemical composition parame-
ters. The first part, characterised by higher average values of ammonium nitrogen content,
dissolved oxygen content and total phosphorus content, included the following measure-
ment points: Krzyszew, Kukuryki, Wtodawa and Kuzawka. The second part was formed
by the following localities: Krylow, Zosin and Horodlo, all with higher average BOD
values, sulphates and chlorides.

Keywords:
the River Bug, chemical contaminants, principal component analysis, cluster analysis,
analysis of variance.
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Statystyczna ocena zmiennosci zanieczyszczenia chemicznego
wod rzeki Bug

Streszczenie

W pracy przedstawiano analiz¢ chemicznego stanu wod rzeki Bug na odcinku od Kry-
fowa do Krzyszewa. Analizy tej dokonano na podstawie danych pochodzacych z monito-
ringu jakosci wod powierzchniowych zamieszczonych na stronie Wojewodzkiego Inspek-
toratu Ochrony Srodowiska w Lublinie (WIOS) z lat 2015-2017. Pod uwage wzigto dane z
lutego, kwietnia, czerwca, sierpnia, pazdziernika i grudnia z 8 punktéw pomiarowych. Przy
pomocy analizy wariancji oraz testu Kruskala-Wallisa przeanalizowano wptyw miejscowo-
$ci oraz miesigcy na zawarto$¢ wybranych wskaznikéw chemicznych. Stwierdzono, ze za-
warto$¢ prawie wszystkich parametrow (poza BZTS5) réznicowana byla przez miejscowo-
Sci. Wraz z biegiem rzeki zmniejszata si¢ zawarto$¢ fosforu, siarczanow i chlorkow. Ana-
liza wykazata ponadto, Ze zimg rosto st¢zenie jonéw amonowych, zawartos¢ tlenu rozpusz-
czonego, siarczanow i chlorkow. Wielowymiarowa analiza natomiast dowiodta, ze roéznice
stanu chemicznego pomigdzy miejscowosciami zwigzane byly glownie z zawartoscia
zwiagzkow azotu, fosforu ogolnego oraz chlorkéw. Na podstawie analizy skupien prawie we
wszystkich miesigcach (poza sierpniem) odcinek rzeki Bug pod wzgledem stanu chemicz-
nego mozna podzieli¢ na dwie czgsci. Pierwsza grupe stanowi odcinek rzeki z punktami
pomiarowymi w Krzyszewie, Kukurykach, Wtodawie i Kuzawce o wigkszych §rednich za-
wartosciach azotu amonowego, tlenu rozpuszczalnego i fosforu ogélnego. Drugg grupe
utworzyly miejscowosci: Krytéw, Zosin i Horodlo o wyzszych $rednich stezeniach BTZs,
siarczanow i chlorkow.

Stowa kluczowe:
rzeka Bug, zanieczyszczenia chemiczne analiza sktadowych gltownych, analiza skupien,
analiza wariancji.
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