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INTRODUCTION

A considerable percent of municipal wastes 
is still stored on landfills [Szyłak-Szydłowski 
2011], usually located in natural land depres-
sions [Dmochowska and Dmochowski 2011, 
Wiater 2011, Piniarski and Macias 2015]. 
Wrong localization of landfills and their im-
proper exploitation cause that the natural en-
vironment, particularly the ground [Longe and 
Balogun 2010, Grzyb et al. 2015] and surface 
waters are threatened with pollution [Motyka 
et al. 2005, Rzepa et al. 2006, Janeczko-Mazur 
and Nowosielski 2009]. Precipitation waters 
which permeate through the landfill layer cause 
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ABSTRACT
Hydrochemical research conducted in the years 2007–2010 comprised monitoring of 
the Włosanka stream waters and leachate waters from the municipal landfill in Kul-
erzów in the Malopolskie province. 16 leachate samples were collected from the con-
tainer taking into consideration the vertical stratification of the quality and samples 
of water from the Włosanka stream in measurement points situated before and after 
the landfill. Concentrations of metals: calcium, magnesium, sodium, potassium, iron, 
manganese and heavy metals: chromium, zinc, copper, cadmium, nickel and lead were 
determined in the leachates and the stream water. Analysis of the studied metals in the 
leachates revealed that only potassium concentration exceeded the highest admissible 
value which is the condition of introducing sewage to water bodies or to soil. Water 
along the investigated reach of the Włosanka stream, both above and below the mu-
nicipal landfill was of quality class 1. The landfill had no significant effect on the stud-
ied metal concentrations in the stream water – no statistically significant differences 
were registered between the concentrations of the studied metals (including heavy 
metals) either in the point above or below the landfill. However, statistical tests com-
paring values of metal concentrations in the landfill leachates with the stream water 
revealed that the concentrations of 7 out of 12 tested metals were significantly higher 
in the leachates. Therefore, the landfill site monitoring should be continued, leachate 
waters should be collected in the container and supplied to the sewage treatment plant 
to prevent any threat to human life and health, or to the environment.
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leaching of various pollutants and formation 
of leachates with various properties [Williams 
2002, Öman and Junestedt 2008, Szymańska-
Pulikowska 2010, Długosz 2012, Vergara and 
Tchobanoglous 2012]. It is caused by the kind 
of deposited wastes, the landfill age, degradation 
phase, the degree of waste compaction and the 
process of the site exploitation [Słomczyńska 
and Słomczyński 2004]. The leachates in the 
form of suspended water may be present at vari-
ous depths of the deposited wastes but also may 
accumulate on the landfill bottom and perme-
ate through the aeration level into the aquifer 
[Ogundiran and Afolabi 2008]. The spatial range 
of hazard to the ground and surface waters posed 
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by the leachates from municipal landfill site is 
strictly connected with the conditions of liquid 
phase permeating [Wiercik and Szymańska-
Pulikowska 2010], including the direction of 
water flow in the ground, the kind and number 
of leachates, which is particularly important 
in case of landfills with incomplete structure. 
Leachate management aims to reduce their num-
ber by reclamation of waste deposit and proper 
exploitation of the landfill [Czop and Pieniążek 
2010]. A proper intake and draining of rainwater 
from the landfill by means of a drainage system 
positively affects protection of the ground and 
surface waters [Przydatek 2012]. The process 
of pollutant leaching from the landfill may last 
for several dozen or even several hundred years 
[Srivastava and Ramanathan 2008]. Leach-
ate waters from landfill sites [Koc-Jurczyk and 
Różak 2011], treated sewage [Kanownik and 
Rajda 2011, Kowalik et al. 2015] and area pollu-
tion from built up terrains [Policht-Latawiec and 
Kanownik 2015] and agricultural areas [Bogdał 
et al. 2012, Kowalik et al. 2014] pose a serious 
hazard to the aquatic environment. Therefore, a 
constant monitoring of leachate waters is impor-
tant, at least within the range stated by the Regu-
lation of the Minister of the Environment on the 
range, period, method and conditions of landfill 
sites monitoring [Rozporządzenie MŚ 2013a, 
Mizerna and Bożym 2015].

 The aim of the paper is an attempt at de-
termining the impact of leachate waters from 
municipal landfill site on the surface water qual-
ity. The investigations were conducted on the 
municipal landfill site, closed in 2005, situated 
in Kulerzów village in Mogilany district, in the 
immediate vicinity of the Włosanka stream. The 
paper presents an analysis of 12 water and leach-
ate pollution indices, including heavy metal con-
tents, which are substances particularly harmful 
for the aquatic environment and terrestrial eco-
systems directly dependent on the aquatic envi-
ronment. Values of concentrations were com-
pared with the normative values and water qual-
ity in the stream was assessed above and below 
the landfill site.

SCOPE AND METHODS OF RESEARCH

Hydrochemical analyses were conducted in 
the years 2007–2010. They comprised monitor-
ing of surface water and leachate water from the 

municipal landfill site in Kulerzów in the Malo-
polskie province (Figure 1). Each year were taken 
4 leachate samples (once pre quarter) in compli-
ance with PN-ISO 5667-10:1997 norm taking into 
account the vertical stratification of the leachate 
quality and water samples from the Włosanka 
stream for laboratory analyses [PN-ISO 5667-10: 
1997, PN-ISO 5667-6: 2003, PN-EN ISO 5667-
1: 2008, PN-EN ISO 5667-3: 2013]. Leachates 
from the landfill site (point 1) were collected by 
bathometer from a water container, water from 
the stream by means of a landing net at km 3+100 
and 3+500, respectively above (point 2) and be-
low (point 3) the landfill site.

The following assessments were made using 
reference methods in the leachate and stream 
water [Rozporządzenie MŚ 2013b] concentra-
tions of metals: calcium (Ca2+), magnesium 
(Mg2+), sodium (Na+), potassium (K+), iron Fe2+ 
and Fe3+ (Fe), manganese (Mn2+) and heavy 
metals: chromium (Cr), zinc (Zn), copper (Cu), 
cadmium (Cd), nickel (Ni) and lead (Pb) using 
atomic absorption spectrometry on Unicam So-
laar 969 spectrometer. Results obtained for the 
waters leaching from the landfill site were com-
pared with the values stated in the Regulation 
of the Minister of the Environment of 18 No-
vember 2014 on the conditions which must be 
fulfilled when introducing sewage to waters or 
soil [Rozporządzenie MŚ 2014b]. Water quality 
in the Włosanka river was determined in com-
pliance with Regulation of the Minister of the 
Environment of 22 October 2014 on the method 
of classification of groundwater body condition 
[Rozporządzenie MŚ 2014a].

The following statistical parameters were de-
termined for the analysed metals: minimum and 
maximum value, arithmetic mean, median, stan-
dard deviation and coefficient of variance. Col-
lected results were used for the statistical analysis 
and drawing conclusions aimed at an assessment 
of the landfill site impact on surface waters qual-
ity. In order to estimate the significance of dif-
ferences of the investigated stream water indices 
concentrations above and below the municipal 
landfill site, to compare the indices in the leach-
ates with the stream water above and below the 
landfill, and after checking the normality of distri-
bution by means of Shapiro-Wilk test, t-Student 
test was applied for the normal distribution and 
the Mann-Whitney non-parametric U-test, which 
does not require normal distribution or homog-
enous variances.
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DESCRIPTION OF THE INVESTIGATED 
OBJECT

The investigated municipal landfill site and 
the Włosanka stream are located in Kulerzów vil-
lage, Mogilany district in the south-eastern part of 
Kraków county. The landfill is situated in a ravine, 
about 40 m wide and 230 long. The ravine is sur-
rounded by steep slopes between 5 and 8 m high 
crossing the hillside of Wieliczka Plateau. Geo-
logical structure of the landfill contains the Cre-
taceous-Tertiary and Quaternary deposits. They 
developed in the form of sandstones, conglomer-
ates and shales of the Istebna layers. Cretaceous 
deposits are overlain by a continuous cover of 
Quaternary layers, mainly silt loam and residual 
clay. One aquifer, of 15 m thickness, occurs in the 
landfill area. It is connected with flysch deposits of 
the Istebna layers and composed of coarse grained 
sandstone. The aquifer is recharged mainly by the 
atmospheric precipitations, which infiltrate through 
the fissures and cracks. Groundwater runoff occurs 
towards the Włosanka stream bed according to the 
morphology of the terrain.

The landfill in Kulerzów was commissioned 
for use in 1994, as a landfill site for wastes other 
than dangerous or neutral. Non selected wastes 
were deposited. At that time not enough impor-
tance was attached to the environmental pro-
tection, so environment safe technologies were 
rarely applied, especially on small local landfill 
sites. The same happened in this case, where the 
landfill site did not meet the requirements for 
landfill base and side walls sealing with the mate-
rial with permeability coefficient k ≤ 1·10-9 m·s-1 
and thickness no less than 1m [Rozporządzenie 
MŚ 2013a]. The natural geological barrier is the 
loam layers at the depth of several meters below 
the surface level. The landfill was established 
to gather municipal wastes from households in 
the district area and to eliminate illegal dumping 
sites near houses in the district, as well as liqui-
date illegal dumps where the inhabitants aban-
doned their wastes. The landfill area is 1.18 ha 
and expected total capacity was 37 493 m3. By 
the end of its life cycle in 2005 its filling reached 
about 60%. Under the time of the landfill shut-
down, the wastes were deposited on the ravine 

Figure 1. Location of solid waste municipal landfill site and measurement points
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Table 1. Statistical parameters describing the contents of analysed metals in landfill leachate water and in the 
Włosanka stream water

Metal
Landfill leachate water (point 1)

The water in the Włosanka stream

above the landfill (point 2) below the landfill (point 3)

min – max AM median CV [%] min – max AM CV [%] min – max AM CV [%]

Ca2+

m
g·

dm
-3

108 – 247 173 175 26 79 –107 94 8 78 – 103 94 8

Mg2+ 52 – 126 101 110 20 5 – 7 6.0 11 5 – 7 6.2 9

Na+ 79 – 257 170 180 30 8 – 12 10.7 11 8 – 13 11.0 11

K+ 71 – 225 122 116 31 1 – 4 1.9 35 1 – 4 2.4 37

Fe 0.07 – 2.29 0.62 0.45 98 0.05 – 0.9 0.38 81 0.01 – 0.81 0.37 64

Mn2+ 0.06 – 1.34 0.53 0.55 64 0.02 – 0.37 0.10 96 0.01 – 0.41 0.13 92

Cr

µg
·d

m
-3

0 – 90 35 30 75 0 – 20 5 130 0 – 10 4 120

Zn 0 – 60 20 20 74 0 – 180 26 191 0 – 60 15 107

Cu 2 – 34 11 8 83 1 – 71 11 183 0 – 21 6 102

Cd 0 0 0 0 0 0 0 0 0 0

Ni 2 – 8 5 5 41 0 – 4 1 150 0 – 4 1 150

Pb 0 – 5 2 0 123 0 – 5 1 207 0 – 4 1 174

AM – arithmetic mean, CV – coefficient of variation.

bottom in horizontal layers. They were raked up 
and compacted by bulldozers and then covered 
by a 15 cm thick insulating layer of soil in or-
der to protect it against animals and effluvia of 
smaller pollutants. From time to time the wastes 
were covered by chlorinated lime. The landfill 
basin was shaped in the way allowing the runoff 
of leachate waters towards the drainage system 
and then to a sealed 50 m3 container. Leachates 
were collected from the basin bottom by a drain-
age pipeline made of ceramic pipes, 10 cm in 
diameter, placed in the pebble pack, covered 
by multi-hole reinforced concrete slabs, which 
function as a drainage system protection against 
destruction. The real amount of leachates is un-
known because of missing systematic measure-
ments. The only registered amount of disposed 
leachates was about 9.0 m3 per month. The other 
part was used for sprinkling the landfill surface 
using a sprinkler. Construction of this object did 
not involve making surrounding ditches for rain-
water catching or the landfill base sealing.

Only arable fields are situated in the imme-
diate vicinity of the landfill, there are no hous-
ing facilities. The Włosanka stream, which is 
the right bank tributary to the Skawinka river, 
flows at the distance of 300 m below the south-
ern boundary of the landfill. Its catchment area 
is 8.65 km2. The stream, 4.71 km long, flows 
from the east to the west in a channel with 
1.95% bottom slope.

RESULTS

Over the four years of the investigations, 
calcium concentrations ranging from 108 to 247 
mg·dm-3 and magnesium from 52 to 126 mg·dm-3 
were registered in the water leaching from the in-
active landfill. This range of values determined a 
low variance coefficients, respectively 26 and 20% 
(Table 1). Sodium concentrations in the leachates 
did not exceed 257 mg·dm-3 and potassium 225 
mg·dm-3. Their average values were on the lev-
el of 170 mg Na·dm-3 and 122 mg K·dm-3. The 
maximum iron concentration was 2.29 mg·dm-3 
and its average value 0.62 mg·dm-3. Manganese 
concentration during the investigated period did 
not exceed 1.34 mg·dm-3. The content of heavy 
metals, i.e. chromium, zinc, copper, cadmium, 
nickel and lead in leachates was low. Chromium 
concentration, which in people causes disorders 
associated with allergens and carcinogens [Ocie-
pa-Kubicka and Ociepa 2012] ranged from 0 to 
90 µg∙dm-3. Zinc ranged from 0 to 60 µg∙dm-3 
and copper from 2 to 34 µg∙dm-3. These values 
are safe for the environment. Average concentra-
tions of chromium, zinc and copper were on the 
levels of 35, 20 and 11 µg∙dm-3, whereas nickel 
and lead content did not exceed several µg∙dm-3. 
These values were not toxic for people or ani-
mals [Węglarzy 2007] and much lower than the 
values permissible by the Minister regulation 
[Rozporządzenie MŚ 2014b]. No cadmium con-
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Table 2. Results of statistical comparison tests of metal concentration values in the landfill leachate water with the 
Włosanka stream water above the municipal landfill site

Metal
Landfill leachate water (point 1) The water in the stream 

above the landfill (point 2) Result of probability test
Median SD Median SD

Ca2+

m
g·

dm
-3

175 46 95 7.5 < 0.001*

Mg2+ 110 20 6.0 0.6 < 0.001**

Na+ 180 51 11 1.2 < 0.001**

K+ 116 38 2.0 0.7 < 0.001**

Fe 0.45 0.61 0.29 0.31 0.31**

Mn2+ 0.55 0.34 0.06 0.10 < 0.001**

Cr

µg
·d

m
-3

30 27 0 7 < 0.001**

Zn 20 15 10 49 0.14**

Cu 8 9 3 21 0.03**

Ni 5 2 0 2 0.10**

Pb 0 1.9 0 1.6 0.36**

SD – standard deviation, * Student’s t-test  ** Mann-Whitney U-test the statistical value in red type indicates that the 
differences are statistically important on the level α = 0.05.

tent was determined in the leachate water sam-
ples collected from the container. Analysis of the 
studied metals from the municipal landfill leach-
ates (point 1), conducted in compliance with the 
regulation of the Minister of the Environment es-
tablishing conditions for the introduction of sew-
age into water bodies or soil [Rozporządzenie 
MŚ 2014b] revealed, that the highest permissible 
value was exceeded on average by 42 mg·dm-3 
only for potassium (Table 1).

Analysis of physicochemical elements sup-
porting biological elements in the classification of 
the condition of surface water bodies showed that 
average concentrations of calcium and magne-
sium in the Włosanka stream water did not exceed 
the limit values for class 1. However, calcium 
content (94 mg·dm-3) in water was approximate 
to the limit value for class 1 [Rozporządzenie MŚ 
2014a]. Regarding the substances particularly 
harmful to aquatic environment, the maximum 
content of chromium was 20 µg∙dm-3, copper 71 
µg∙dm-3 and zinc – 180 µg∙dm-3. In both measure-
ment points (points 2 and 3) the stream waters 
met the requirements for purity class 1 water.

On the basis of research on priority substanc-
es, no cadmium concentrations were registered in 
the stream water, whereas the maximum concen-
tration of nickel was 4 µg∙dm-3 and lead 5 µg∙dm-3 
(Table 1). The above mentioned substances did 
not exceed the environmental quality standards, 
which means that water in the Włosanka stream 
is in good chemical condition. Water in the stream 
below the landfill did not worsen because the con-

centrations of a majority of indices were on the 
equal or very similar level (Table 1).

Much higher values of the studied metals (ex-
cept for copper, cadmium and zinc) were deter-
mined in the leachates from the landfill than in 
the stream water. The greatest, over 60-fold dif-
ferences were registered for potassium, over 15-
fold for magnesium and sodium, over 5-fold for 
manganese, chromium and nickel and 2-fold for 
calcium, iron and lead (Table 1).

The middle value (median) was used to com-
pare metal concentrations in the leachates (point 
1) and in the Włosanka stream water (points 2 
and 3), because of the lack of normality of dis-
tribution, except for calcium. Statistical analysis 
revealed significantly higher concentrations of 
calcium, magnesium, sodium, potassium, manga-
nese, chromium and copper in the landfill leach-
ates (Table 2). A comparison of the metal con-
centrations in the Włosanka stream water above 
(point 2) and below (point 3) the landfill revealed 
non-significant statistical differences. These were 
0.15 mg·dm-3 for iron, 0.02 mg·dm-3 for manga-
nese and 1 µg∙dm-3 for copper, whereas for the 
other metals median values were equal (Table 3).

CONCLUSIONS

Over the years 2007–2010 high potassium 
concentrations were registered in the leachate 
waters for municipal landfill site. Its average con-
centration exceeded the admissible values stated 
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in the regulation in force on conditions for the 
introduction of sewage into water bodies or soil. 
On the other hand, the contents of heavy metals, 
regarded as particularly harmful for the environ-
ment was on a low level. Obtained research re-
sults confirm that the leachates from the closed 
municipal landfill pose a potential source of the 
environment pollution.

Waters along the analysed reach of the 
Włosanka stream met the requirements of water 
purity class 1. Metal concentrations in water did 
not exceed normative values and did not pose 
a hazard to the aquatic ecosystem. The chemi-
cal condition of the stream water was good. No 
significant differences between the studied metal 
concentrations (including heavy metals) in the 
point above or below the municipal landfill were 
stated on the basis of statistical analysis. The 
landfill leachates did not impact significantly a 
change in the analysed metals concentrations in 
the stream water.

 Compliance with the regulations and ap-
propriate adjustment of the installation to the re-
quirements of the natural environment protection 
caused that leachates from the municipal landfill 
site in Kulerzów do not threaten the Włosanka 
stream waters. Despite the lack of proper landfill 
basin sealing, properly made drainage system and 
its container make possible collecting the leach-
ates and their disposal at the sewage treatment 
plant, which reduces pollutant penetration into 
the environment, including the Włosanka stream 
waters. Because the process of pollutant leaching 
from the landfill site may take from several dozen 

to several hundred years, the landfill filling must 
be checked regularly to prevent its overfilling. 
Monitoring of the physicochemical composition 
of the leachate waters is necessary, at least during 
the period stated in the regulation of the Minister 
of the Environment on the scope, period, method 
and conditions of landfill sites monitoring.
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