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ABSTRACT

The aim of the paper was the identification and assessment of the area of anthropo-
genic impacts on water quality in the catchment of the Korzkiewka stream flowing
through the areas of the Malopolska region. Analyses of physicochemical indices re-
vealed that waters along the whole length of the stream qualified for below good status
due to the exceeded EC and nitrate nitrogen concentrations. It was found that among
21 analyzed physicochemical indices, statistically significant differences occurred for
5: total dissolved solids, SO,*, Mg**, K*and water pH. In the headwaters section
values of four salinity indices were significantly higher in relation to the other
part of the stream. Assessment of anthropogenic factors affecting the catchment
water resources conducted on the basis of unitary and percent indices revealed that
the dominant category shaping the physicochemical status of the Korzkiewka stream
water is municipal economy. The intensity of the influence of the factors from this cat-
egory was from medium to very high, while in case of sewage discharged through the
sewage network, even to outlier intensity. Forestry and agriculture exerted medium
pressure, whereas the factors from the industry category had hardly any influence on

water in the stream.
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INTRODUCTION

Disposable resources of surface waters in
Poland are among the smallest in Europe. They
are characterized by a considerable variability in
time and space [Kanownik and Kowalik 2010]
and low quality, therefore, small possibility of
its use [Kanownik et al. 2013, Policht-Latawiec
and Kanownik 2015]. Guided by rational prem-
ises, we should implement programmes of proper
management and protection of water resources
according to the principle of sustainable devel-
opment. Aiming at better protection of waters, in
2000 European Parliament and the Council ad-
opted a directive establishing the framework of
the common activities in the area of water policy
based on clear, effective and coherent legislative
actions. One of the priorities in this area is pre-

quality,

anthropogenic factors, physicochemical indices,

venting further worsening, as well as protection
and improvement of the status of aquatic ecosys-
tems and wetlands directly dependent on aquatic
ecosystems, as well as striving at a better protec-
tion and improvement of aquatic environment
through gradual reduction of discharges, emis-
sion and losses of priority dangerous substances
[Directive 2000].

Surface waters may be polluted by substances
originating from anthropogenic sources [Hus-
ka et al. 2013, Kowalik et al. 2014] and due to
natural processes occurring in the environment
[Policht-Latawiec et al. 2014, Sojka et al. 2016].
The natural sources may include various kinds of
pollutants, such as plant residue and humic sub-
stances, clayey and silt particles of soils or rocks,
compounds of iron and manganese, etc. However,
pollutants generated by human economic activi-
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ties are usually far more dangerous for the envi-
ronment [Policht-Latawiec and Kanownik 2015,
Dabrowska et al. 2016].

Farming activities conducted by humans af-
fect the quality of water resources, among others
due to improper use of mineral and organic fertil-
izers and plant protection chemicals. Supplied to
the soil, they may spread uncontrollably leading to
decreasing the natural environment values. Sub-
stances worsening the condition of surface and
ground waters penetrate to them with the runoffs
from agricultural catchments. These are primar-
ily nutrient compounds (nitrogen and phosphorus
compounds), which at high concentrations are
greatly unfavourable for the aquatic environment.
They not only cause worsening of water quality
and its unsuitability for drinking, but also water
eutrophication and die-off of some plant and ani-
mal species, leading to the destruction of ecosys-
tems. The speed of pollutant movement and their
amount depend on numerous factors. Their mi-
gration and deposition are affected by the degree
of civilizational development, soil, geological
and climate conditions in a given region, as well
as intensity and the way of agricultural land use
[Marks-Bielska 2011, Kanownik et al. 2013, Ma-
zur 2013, Pytka et al. 2013, Kowalik et al. 2014].

Assessment of water resources quality should
be conducted on two levels. The most important
is elimination of area pollutions at their sources,
i.e. sanitation of rural areas, appropriate farming
and application of proper agrotechnical measures,
correct storage of liquid and solid natural fertil-
izers. Other methods of preventing aquatic envi-
ronment degradation involve slowing down water
and matter circulation in the catchment, limiting
pollution spreading through the application of
planning, technical and agrotechnical methods
[Jozwiakowski et.al. 2006, Sojka et al. 2008,
Mioduszewski 2015].

The aim of the paper was identification and
assessment of the impact of the area of anthro-
pogenic factors on water quality in the Korz-
kiewka stream flowing through the areas of
the Malopolska region.

MATERIAL AND METHODS

Hydrochemical analyses of the Korzkiew-
ka stream were conducted in 2014. The stream
is 4.93 km long with an average channel slope
1.8%. Due to karst character of the bedrock, the

200

stream constant sources are located at 1/3 of the
catchment length in Brozowka Korzkiewska
village at the altitude of about 348 m a.s.l. It
flows in a narrow channel to the north towards
Przybystawice village, where at the altitude of
258 m a.s.l it flows into the Pradnik (Biatucha)
river. The watercourse with a rapid current, flows
in an indented channel with a rocky substratum,
stone-gravel in the lower course and according to
the surface water typology is an upland carbon-
ate stream with coarse-grained substrate (7). The
stream catchment, with the area of 16.20 km? is
almost 9 km long. It is situated in the Malopolska
province, Krakow county and in the area of Skata
and Zielonki districts. According to the geograph-
ical division, the catchment is situated on the
Krakow-Czestochowa Upland in the Olkusz Up-
land mezoregion. The catchment matrix consists
of compact limestone slabs of the Upper Jura,
which are divided into rocky, slab and bedded
limestones. Their building material are siliceous
sponges and mineralized rock deposits formed by
microorganisms [Policht-Latawiec et al. 2015].

Water for analyses was sampled every month
in 5 measurement-control points: point 1 at km
4-+900 of the watercourse, point 2 — at km 2+360,
point 2 at km 1+500, point 4 — at 0+960 and
point 5 at km 0+020 (Figure 1). The upper part
of the catchment is almost wholly used for farm-
ing. Forest enclaves, meadows and pastures are
located along the stream. Built-up and urbanized
areas are situated primarily in the central part and
constitute 2.6% of the catchment area.

In each control-measurement point on site,
water pH was determined using CP-104 pH me-
ter, the temperature (T) and electrolytic conduc-
tivity (EC) were measured using CC-103 con-
ductometer, dissolved oxygen (DO) content and
degree of water saturation with oxygen (OSD)
were measured by CO-411 oxygen meter and to-
tal dissolved solids (TDS) by means of TDS me-
ter (HACH LANGE).

The following assessments were conducted
in the laboratory by means of referential methods
[Regulation ME 2016a]: total suspended solids
(TSS) by drying and weighing, concentrations of
Ca?, Mg?*, Na*, K*, Fe (Fe** and Fe*") and Mn?*
ions by atomic absorption spectrometry (AAS) on
UNICAM SOLAR 969 spectrometer. Fide-day
oxygen demand (BOD,) was assessed by Win-
kler’s method, while chemical oxygen demand
(COD-Mn) by titration in KMnO,. Concentra-
tions of ammonium (N-NH,"), nitrite (N-NO,)
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Figure 1. Location of measurement-control points in the Korzkiewka stream

and nitrate (N-NO,") nitrogen, as well as phos-
phate phosphorus (P-PO,*) and chlorides (CI)
were determined using flow colorimetry on FIA-
star 5000 apparatus and sulphates (SO,*) were as-
sessed by precipitation method.

Elaboration of the results involved computing
arithmetic mean values for individual water qual-
ity indices for the assessment of physicochemical

status of the upland Korzkiewka stream, accord-
ing to the Regulation of the Minister of Environ-
ment of 21 July 2016 [Regulation ME 2016b].
Statistical inference about the significance of
differences of the indices values between the
measurement-control points was conducted using
Kruskal-Wallis non-parametric test. On the basis
of multiple comparisons of mean ranges, it was
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checked which indices differed statistically sig-
nificantly. The non-parametric tests were selected
because of the lack of normality of distribution
for most analyzed indices, according to the results
of Shapiro-Wilk test and lack of equality of vari-
ance determined by Fisher-Snedecor test. Cluster
analysis was conducted in the paper by grouping
the objects (points) and features (physicochemi-
cal indices) [Stanisz 2007].

Identification and assessment of the causative
agents influencing water resources in the catch-
ment was done on the basis of unitary and percent
indices developed by Nachlik [2004]. According
to the method, the indices were compiled into
three categories: municipal economy — 10 indi-
ces, agriculture and forestry — 11 indices, indus-
try — 10 indices. For each index threshold values
were determined making possible the assessment
of districts impact on water resources of the uni-
form water parts. 5 impact intensity classes were
identified (1 — very low, 2 — low, 3 — medium, 4
— high, 5 — very high) so that the classes covered,
respectively 10, 20, 40, 20 and 10% of districts in
Poland. Moreover, also class 0 was identified in
the intensity assessment, meaning a lack of pres-
sure and class 6 — outlier [Nachlik 2004, Smoron
and Kowalczyk 2014]. Because of a small area
of the Korzkiewka stream catchment, unitary and
percent indices of anthropopressure describe the
conditions in this area or in Skata or Zielonki dis-
tricts. In order to facilitate the interpretation and
comparison of the catchment impact on water
resources of the uniform water parts, the results
were presented as radar charts.

RESULTS AND DISCUSSION

Average water temperature in the Korzkiew-
ka stream during the period of investigations
fluctuated from 9.7 to 11.7°C and reaction from
neutral (pH 7.8) to alkaline (pH 8.3). Total sus-
pended solids content in water was low, on aver-
age from 1.7 to 4.7 mg-dm, on the level of class
I [Regulation ME 2016b]. Over the whole studied
period water in the stream revealed very good
oxygen conditions — average degree of saturation
was over 90% and did not exceed 100%, whereas
average concentration of dissolved oxygen was
over 9.5 mg-dm. Values of BOD, and COD-Mn
were below the limit value for class I. Mean wa-
ter electrolytic conductivity in all points exceeded
the limit value (506 pS-cm™) for class II deter-
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mined for the abiotic 7 type in the Minister of
Environment Regulation of 2016. Mean concen-
trations of dissolved solids ranged between 271
mg-dm> at the stream mouth to 352 in the head-
waters area (Table 1). These were higher than the
limit values for quality class I, which evidences
the presence of mineral compounds in water. The
highest mean sulphate (SO,*) concentration was
72 mg-dm>. Mean chloride (Cl') concentrations
in the upper (point 1) and lower (points 4 and
5) parts of the stream were above 31.9 mg-dm?,
which caused that the water did not meet the re-
quirements for class II. In the middle part (points
2 and 3) mean chloride concentration was 29
mg-dm. Mean concentrations of Ca?* and Mg**
remained on similar level, except the upper reach
of the steam, where mean value was exceeded,
respectively by: 86.2 (class I) and 11.7 mg-dm
(class II). It was observed along the whole length
of the watercourse that mean concentrations of
ammonium nitrogen and phosphate phospho-
rus (except point 4) exceeded the limit value for
quality class 1. Considering nitrite nitrogen con-
centrations, mean values in the upper part of the
stream were on the level of class 1. In points 3, 4
and 5 mean concentrations of nitrite nitrogen was
0.012 mg-dm? (class II). In all analyzed points
water revealed very high concentrations of nitrate
nitrogen over the whole period of investigations.
Mean concentration exceeded the limit value (2.7
mg N-NO,-dm") for quality class II. The highest
mean concentration of total iron (0.17 mg-dm)
was noted in point 2, whereas the lowest (0.12
mg-dm™) in point 1. Manganese (Mn*") concen-
trations fluctuated on average from 0.04 to 0.10
mg-dm™ (Tablel).

Kruskal-Wallis non-parametric test revealed
that statistically significant differences occurred
for total dissolved solids, sulphates, manganese,
potassium and water pH, where the test prob-
ability was lower than 0.05 (Table 2). In case of
TDS, SO,*, Mg*" and K" statistically significantly
higher values occurred in the headwaters section
of the stream. Water pH differed significantly be-
tween point 2 and points 4 and 5. The other ana-
lyzed indices differed with their values between
individual points but the differences were statisti-
cally insignificant.

The conducted cluster analysis allowed to
group the measurement-control points and ana-
lyzed physicochemical indices into clusters (Fig-
ure 2). A good example of grouping are values
of the indices: N-NO;, CI, SO,*, Mg*, K*, Ca*',
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Table 1. Average values of physico-chemical elements and water quality class in the Korzkiewka stream

Average Limit values
for class
Indices Measurement-control point [Rozporzadzenie
MS 2016b]
1 2 3 4 5 | 1]

Temperature, °C 9.7 10.3 10.5 10.7 11.0 <22 <24
Total Suspended Solids

1.7 1.7 2.7 2.8 4.7 <10.0 <19.8
(TSS), mg-dm
Dissolved Oxygen

10.6 9.6 10.3 10.0 10.0 295 275
(DO), mgO,-dm
Oxygen Saturation Degree (OSD), % 96 91 96 94 96 -
?éoocgse)”"r'ﬁsg?’éﬁf” Demand 1.1 1.1 0.9 1.1 13 <22 <37
i g o 18 17 | 19 | 22 22 <55 <9.1
Electrolytic Conductivity

612 564 6585 600 541 <310 <506
(EC), uS-cm-’
Total Dissolved Solids

353 290 299 294 271 <206 <370
(TDS), mg-dm™
80,%, mg-dm?® 72 35) 34 36 35 <285 <894
Cl, mg-dm= 42 29 29 &3 34 <6.6 <31.9
Ca?, mg-dm™ 92 74 75 75 72 <86.2 <96.7
Mg?*, mg-dm 17.4 8.2 9.0 9.0 9.1 <53 <11.7
Na*, mg-dm? 6.5 6.5 6.6 6.6 6.6 -
K*, mg-dm? 3.0 2.0 1.9 2.0 1.9 -
Reaction, (pH) 8.1 7.8 8.0 8.2 8.3 7.6-8.3 7.5-8.3
P-PO,%, mg-dm* 0.057 0.081 0.063 0.037 0.041 <0.039 <0.101
N-NH,*, mg-dm-* 0.117 0.183 0.179 0.163 0.204 <0.101 <0.822
N-NO,, mg-dm-* 0.006 0.008 0.012 0.012 0.012 <0.01 <0.03
N-NO,", mg-dm= 71 5.2 5.1 5.1 5.3 <1.17 <27
Fe, mg-dm 0.12 0.17 0.13 0.15 0.16 -
Mn?*, mg-dm 0.10 0.09 0.05 0.05 0.04 -

quality class | quality class Il does not meet the requirements of quality class
(very good status) (good status) Il (below the good status)

TDS, which allow to identify points 2, 3, 4 and 5
as a single cluster with similar physicochemical
features and point 1 (the headwaters part) consid-
erably different from the others. The next group
is formed of points 4 and 5 located in the lower
part of the stream which stand out by higher val-
ues of water temperature, pH, total suspended
solid concentration, ammonium nitrogen and
chemical (COD-Mn) and biochemical (BOD,)
oxygen demand.

The analysis of anthropopressure on water
resources in the Korzkiewka stream was con-
ducted in three categories (Figure 3): municipal
economy (GK), agriculture and forestry (RL)
and industry (P).

Population density in the studied catchment
area is 415 persons-km? (Table 3), in comparison
to population density in the Malopolska province
(218 persons-km?) and in relation to the Krakow
county (217 persons-km?). Technical infrastruc-
ture in the district has been developing succes-
sively. In 2010 population using sewage network
constituted 48.1% and in the next year almost
72.5% of the district inhabitants. In 2011 water
supply network served 84.6% of the inhabitants.
The sewage network to water supply network ratio
is 1.0, because the length of the sewage network
is 156 km, whereas water supply system 157 km
[Environmental 2012]. Water consumption for the
water supply network is 0.54 dm?-s'-km™ — a high
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Table 2. Comparison of quality indices values between the measurement and control points using Kruskal-Wallis
nonparametric test

Measurement-control point Results of Kruskal-Wallis test
Indices 1 [ 2 | 3 | 4 | s -~
- Test value | Test probability (p)
Median
Temperature, °C 9.4 10.1 10.2 10.4 10.5 1.1 0.90
Total suspended solids, mg - dm 2.0 1.0 1.5 2.5 3.0 5.03 0.28
Dissolved oxygen, mg - dm 10.8 9.6 10.3 9.9 10 6.8 0.15
Oxygen saturation degree, % 96 92 96 95 97 3.3 0.50
BOD,, mg O, x dm*® 1.0 1.0 0.9 1.2 1.2 35 0.48
COD-Mn, mg O, x dm*® 1.7 1.7 1.9 23 2.2 71 0.13
Electrolytic conductivity, uS - c™1 612 607 613 613 537 5.3 0.26
Total dissolved solids, mg - dm? 359 2345 | 2911 300" 299 282" 18.9 <0.001
80,%, mg - dm*® 79 2345 341 37 40 ' 381 13.8 0.008
Cl, mg - dm? 43 19 19 19 19 6.3 0.18
Ca?, mg - dm? 88 72 72 72 68 6.3 0.18
Mg?*, mg - dm 17.0 2345 | 811 8.9 8.9 8.9 16.7 0.002
Na*, mg - dm?® 6.6 6.5 6.6 6.6 6.6 1.1 0.90
K*, mg - dm? 2.8 2345 181 187 197 197 15.7 0.003
Reaction, (pH) 8.1 7.8 4% 8.0 8.12 8.32 18.5 0.001
P-PO,%, mg - dm? 0.055 0.059 | 0.055 0.038 0.052 4.1 0.39
N-NH,*, mg - dm? 0.070 0.068 | 0.058 0.080 0.070 0.46 0.98
N-NO,, mg - dm?® 0.005 0.008 | 0.010 0.010 0.010 7.3 0.12
N-NO,, mg - dm?® 7.6 5.5 5.3 5.2 5.4 7.6 0.1
Fe, mg - dm™ 0.12 0.14 0.15 0.18 0.1 1.0 0.91
Mn2*, mg - dm 0.04 0.05 0.03 0.04 0.04 2.9 0.58

Point 1

Point 2

Point 3

Point 4

Point 5 13
B 08

10,3

Ly leSE%55988805050 %8 mal

F o Z =842 Z%°0 Z ®= ©OF mma2

z 8d2 < -7

Figure 2. Results of grouping measurement-control points and physicochemical indices
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GK1

RL4

Figure 3. Assessment of pressure from municipal economy (GK), agriculture and forestry (RL) and industry (P)
on water resources of catchment Korzkiewka

Table 3. Indices used for assessing pressure from municipal economy on water resources of catchment

Korzkiewka
Symbol Indices name Value Degree of pressure

GK1 Population density 415 persons-km2 high (4)
GK2 Water consumption for water supply network 0.54 dmd-s'-km high (4)
GK3 Population using sewage network 214 persons-km2 high (4)
GK4 Sewage discharged through sewage network 0.36 dm?-s'-km out of range (6)
GK5 Municipal waste collected 107 Mg-km2-year™ very high (5)
GK6 Municipal land in catchment area 2.6% average (3)
GK7 Proportion of people using sewage network 52% average (3)
GK8 Length of sewage network to length of water supply network | 1.00 km-km-! high (4)
GK9 Tourist accommodations provided 177 persons-km2 high (4)
GK10 Number of accommodated tourists to catchment population | 43% high (4)

level. Sewage discharged by the sewage network
constitutes 0.36 dm3-s'-km?. Due to dispersed
residential buildings, the part of the district with
compact building has a sewage network. Sewage
is discharged into the sewage system of the city
of Krakow. The 9 household sewage treatment
plants located in the district are utilized by 26
inhabitants. The non-sewered areas pose a threat
of uncontrolled sewage discharge by households
into the natural environment. The Korzkiewka
stream revealed the status below good along its
whole length, among others due to concentrations
of ammonium nitrogen, which may indicate the
unsettled sewage management in the catchment
area. Increase in nitrite nitrogen concentrations
and phosphate phosphorus concentration jumps
were observed in the stream water (point 3) by the

sewage treatment plant located next to the School
Complex in Korzkiew, which might be caused by
the treated sewage discharge. Collected municipal
waste amounted to 107 Mg-km?-year!' (very high
level). 0,307 Mg of municipal waste per capita per
year in the district is the value approximate to the
value of municipal waste collected in Poland per
capita per year. Water resources in the catchment
may be under a considerable pressure of tourist
and leisure activities. The number of tourists is
high due to an attractive location in the area of the
Ojcow National Park Buffer zone. This is a good
place for resting, with numerous walking and bik-
ing trails. The other tourist attractions are also a
medieval castle in Korzkiew and “Botoja” horse
stud. In 2011 the local tourist accommodation
was provided for 5405 people, which gave 177
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persons per km? (high level) (Table 3). The num-
ber of accommodated tourists reached 55346. The
number of tourists was equal to 43% (high level)
of the district population. Increased pollution of
the Korzkiewka stream water noted from June to
October may be connected with tourist activities
in the catchment.

The land use and environmental conditions
have a marked impact on surface water quality
in the Korzkiewka stream catchment. The catch-
ment area is used for farming because of good
quality soils revealing a large thickness of the
humus horizon and abundant in nutrients. Agri-
culture develops mainly in the upper part of the
catchment in Smardzowice and Cianowice Duze
villages in Skata district, but also at the settlement
clusters in Brzozowka Korzkiewska. There are
usually small holdings, which cultivate the land
for their own needs. The analyzed region is well
known for vegetable and fruit production.

The agricultural lands constitute 79% of the
district area (high level), arable lands 52% (high
level) and orchards 18% (high level) (Table 4).
Vegetable and fruit production is well developed
in the district. Intensive cultivation involves the
application of plant protection chemicals and her-
bicides, which unfavourably affect the state of the
natural environment. Phosphorus, potassium and
nitrogen fertilizers are the cause of water pollu-
tion with biogens. Pollutants penetrate into wa-
ter with surface runoffs, via drains and ditches,
whereas their source may be located far from the
contaminated place. Nitrate nitrogen exceeded
the quality standards along the whole length of
the studied stream and the water was classified to
the status below good.

The upper part of the Korzkiewka stream
catchment, where its source is situated, is an inten-
sively used farmland. The highest concentration
of nitrate nitrogen as compared to the other parts
of the stream waters was registered in this part.
The reason is a hydrogeological structure, which
enables fast penetration of rainwater with pollut-
ants from the surface to the groundwater reservoir.
The waters in the Ojcow National Park area have
permanently elevated concentrations of nitrates,
which may be the result of the whole groundwater
reservoir pollution [Wisnios et al. 2015].

Forest lands (forests, lands covered with trees
and bushes) and the areas under legal protection
of the natural environment, positively affect the
quality of ground and surface waters [Policht-
Latawiec et al. 2014]. Therefore, low woodiness
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on the level of 10% (low level) influences the
amount and the speed at which area pollutants
penetrate into the waters. Small forest complexes
occur in the Korzkiewka stream catchment, close
to the watercourse (Figure 1). The whole catch-
ment is situated in the protected areas in the Oj-
cow National Park buffer zone and the Dtubnia
Landscape Park buffer zone. A small, isolated
part of the Ojcow National Pak is located in the
central part of the catchment.

Animal farming involves a problem of ani-
mal faeces storage: farmyard manure and liquid
manure, but also keeping silages. Poultry was the
dominant farm animal species in the catchment
area. Sheep, cattle and pig breeding were, respec-
tively on high, medium, very low and low level.
A livestock unit was 20 per 100 hectares of arable
lands (Table 4). In the vicinity of farms keeping
farm animals, the studied stream revealed higher
concentrations of potassium and chlorides, which
may indicate improper storage and keeping liquid
and solid animal faeces.

Mainly private commercial and service pro-
viding entities operate in the investigated area.
There are no large industrial centres. Business
activities in the construction sector, production
and supply of electric energy, water and gas or
industrial processing are slight. Concerning the
entities involved in the production and supply
of electricity, water and gas the activities are
on a low (section D) and medium level (section
F). Wastes generated by industry constituted 0.4
Mg-km?-year! (very low level) (Table 5).

No industrial wastes are stored in the catch-
ment area. Water consumption for the needs of the
national economy and industry is zero. No water
is taken from either surface of ground waters for
industrial purposes. Pollutants from industry may
penetrate to the catchment area from the nearby
Krakow city carried by air masses.

CONCLUSIONS

The following conclusions were formulated
on the basis of the conducted investigations:

1. Analyses of physicochemical indices revealed
that along the whole length of the Korzkiewka
stream waters qualified for the below good sta-
tus because of the exceeded values of EC and
nitrate nitrogen concentrations. In the headwa-
ters segment water is most polluted, as apart
from the indices mentioned above, also con-
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Table 4. Indices used for assessing pressure from agriculture and forestry on water resources of catchment

Korzkiewka
Symbol Indicator name Value Degree of pressure

RL1 Proportion of agricultural land in catchment area 79% high (4)
RL2 Proportion of arable land in catchment area 52% average (3)
RL3 Proportion of orchards in catchment area 18% very high (5)
RL4 Proportion of forests in catchment area 10% low (2)
RL5 Proportion of protected land in catchment area 100% very high (5)
RL6 Breeding 20 LU-100 ha'AL low (2)
RL7 Cattle-breeding 12 head-100 ha'AL very low (1)
RL8 Pig-breeding 34 head-100 ha'AL low (2)
RL9 Sheep-breeding 2 head-100 ha'AL average (3)
RL10 Horse-breeding 3 head-100 ha'AL high (4)
RL11 Poultry-breeding 453 head-100 ha'AL average (3)

Table 5. Indices used for assessing pressure from industry on water resources of catchment Korzkiewka

Symbol Indices name Value Degree of pressure
P1 Section D — Processing industry (commercial entities) 0.19 units-km low (2)
P2 (S;c;;i?nneii;lfeligtiriecs)power, gas and water production and supply 0 units-km2 lack (0)
P3 Section F — Construction (commercial entities) 0.51 units-km-2 average (3)
P4 Water consumption for national economy 0 dm®*s”-km? lack (0)
P5 Water consumption for industry 0 dm®s”-km? lack (0)
P6 Underground water uptake for industry 0 dm?-s”-km lack (0)
P7 Surface water uptake for industry 0 dm?-s”-km lack (0)
P8 Cooling water 0 dm3-s”"-km lack (0)
P9 Area of industrial landfill sites in district area 0% lack (0)
P10 Industrial wastes generated 0.4 Mg-km2-year very low (1)

centrations of chlorides and magnesium did
not meet the requirements for quality class I1.

2. Changes of the values of water quality indices
depended on the land use form. In the head-
waters part the land was intensively farmed,
which affected values of salinity and biogenic
(mainly nitrate nitrogen) indices in the stream
water. In the central reach of the stream the
highest values of phosphate phosphorus and
ammonium nitrogen were registered, which
might have been connected with water dis-
charge from a sewage treatment plant and in-
tensified tourist movement in this area.

3. It was found that among 21 analyzed physico-
chemical indices, statistically significant dif-
ferences occurred for 5: total dissolved solids,
SO,», Mg*, K" and water pH. In the headwaters
section, values of four salinity indices were
significantly higher in relation to the other
parts of the stream.

4. The assessment of anthropogenic factors af-
fecting the catchment water resources, con-

ducted on the basis of unitary and percent
indices revealed, that the dominant category
shaping physicochemical status of the Korz-
kiewka stream water is municipal economy.
The intensity of impact of the factors from this
category ranged from medium (3) to very high
(5), and in case of sewage discharged through
sewage network even to the outlier (6). For-
estry and agriculture exerted a medium pres-
sure, whereas the factors from the industry cat-
egory had hardly any impact on the quality of
water in the stream.
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