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Abstract
Open-cast mining in the Świętokrzyskie region has a long history, and the role of this industry in Poland and 
worldwide can be seen from economic, social and environmental perspectives. This paper presents an analysis 
of the impact of the open-cut limestone mine in Celiny, near Kielce. Total atmospheric precipitation was used for 
the study, along with the chemical composition and microscopic structure of particulate matter deposited on 
the surface of the precipitation water filters. The study showed a relatively small level of dissolved substances 
in the precipitation, consisting mainly of calcium compounds and ions SO4

2-, Cl-, NO3
-, and Mg2+. When depicted 

with a Quanta 250 FEI scanning electron microscope (SEM), the surface of the filters showed varying particle 
sizes, predominantly in the 20 - 50 μm range. Analysis using the EDAX Genesis analyser (EDS - energy-dispersive 
spectroscopy) showed mainly silicon and aluminium in their composition. Calcium, magnesium and iron were 
also present. Dust in the atmospheric air, especially in exceedingly high concentrations, can be dangerous for 
people and the natural environment. During the study period, no exceedances of the permissible standards for 
PM10 dust were found, although daily values exceeded the limit of 50 µg/m3 seven times.

1. INTRODUCTION

In places with a significant accumulation of raw rock 
materials and convenient conditions for their exploitation, 
specialised industrial centres have been established for 
the extraction and processing of the raw material into a 
finished product (e.g, cement, lime, lime meal, chalk, or 
aggregates). Facilities of this type, grouped in international 
producer groups such as Lhoist, Dyckerhoff, Holcim, and 
Lafarge, operate in Poland in the larger centres: Gdynia, 
Bielawy, Ożarów, Strzelce Opolskie, Kraków, Chełm, Nowiny, 
Małogoszcz. There are also a dozen or so smaller ones, such 
as Celiny in the Świętokrzyskie Voivodeship. The mining 
history of the study area began after the concession for the 
extraction of Jurassic limestone from the “Celiny I” deposit 
was obtained on 1.07.2003. The mining area had a surface 
area of 27 ha, while the space where there were anticipated 
to be harmful effects from the mine’s activities — i.e. the 
mining area [Geological and Mining Law of 9 June 2011] 
— was defined at over 130 ha. The first concessionaire 
was Przedsiębiorstwo Robót Inżynieryjno-Drogowych, or 
“MAKADAM” S.A. [Midas Database]. The company currently 
mining, Kopalnia Granitu Kamienna Góra Celiny sp. z o.o., 
became the legal successor to the concession to exploit 
the deposit through a notarial deed dated 19.09.2007. 
The currently exploited mining area “Celiny V” has an area 

of 72,65 ha and a mining area of almost 150 ha. Mining in 
this plant is carried out by open-pit, longwall system, using 
blasting technique with explosives, in accordance with the 
Local Development Plan [MPZP 2008]. An exception is the 
north-eastern part of the deposit, which, in order to ensure 
safety for the national road and detached houses, is mined 
using the mechanical method. The first, second and third 
levels of exploitation have footwall ordinates of 275 m 
a.s.l., 264 m a.s.l. 253 m a.s.l, respectively. Mining is carried 
out above the aquifer; the plant does not have a permit 
to dewater the lode. There is a protective shelf above the 
water table with a thickness of approximately 2 meters.
The main objective of this study is to determine the 
magnitude of dust deposition and its impact on 
precipitation properties in the vicinity of rock mining in 
Celiny near Kielce (Figure 1, Table 1) . Of particular interest 
was the direct influence on atmospheric air. A quantitative 
and qualitative analysis of dust deposition in the vicinity of 
the plant was carried out as part of the study, along with 
microphotographic imaging of the deposited material. 
Exposure to dust, especially crystalline silica, poses a 
health risk, potentially causing pneumoconiosis — one of 
the oldest occupational diseases. Dust pneumoconiosis 
has been classified by the European Occupational Disease 
Statistics as the sixth-most-common respiratory disease. 
Dusts from the many different stages of mining (drilling, 
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crushing, transport, etc.) can also adversely affect the 
population and the environment around the mine [Misra et 
al. 2023]. In addition, occupational exposure to respirable 
crystalline silica (SiO₂) is one of the most common and 
serious occupational health risks for workers grinding silica 
composites, from which kitchen worktops and windowsills 
are made [Requena-Mullor et al. 2021].

2. STUDY AREA AND METHODS

The study area is located in the Szydłów Foothills 
mesoregion; in the southern part of the Kielce Upland 
microregion; in the central part of the Małopolska 
Upland subprovince; and in the Polish Uplands province 
[Richling et al. 2021]. The neighbouring mesoregions 
are Świętokrzyskie Mountains (to the north and east); 
Połaniec Basin (to the south); and the Nida River Valley (to 
the west) [Strzyż 2021]. The morphology of the Szydłów 
Foothills is characterised by gentle hills in the NW-SE 

direction, punctuated by local river valleys [Spiżewski, 
Turkowski 2002]. The studied area is situated, tectonically, 
on the West European platform; in the south-eastern 
part of the Szczecin-Miechów synclinorium; and in the 
Miechów segment [Żelaźniewicz et al. 2011]. The object of 
exploitation is a deposit of Upper Jurassic Oxfordian and 
Kimmeridgian fracture limestones [Mądry, Salwa 2020], 
with intercalations, named “Celiny I.” It has a depositional 
form. The minerals belong to the “broken and blocky stones” 
group; according to the National Resource Classification 
nomenclature, it is a deposit of limestone building and 
road stones [Midas Database], but the extracted raw 
material is also used in agriculture [Przeniosło et al. 2005]. 
Stratigraphically, the limestone belongs to the upper rocky 
limestone [Kutek 1969]. It has a mean thickness of 54.4 m. 
The proportion of karst in the deposit was determined 
to be 4.5 per cent, while 14.8 per cent is made up of all 
non-useful overgrowth [Midas Database]. The deposit is 
saturated below the ordinate of 253 m a.s.l. 
The exposed container method, using vessels of known 
volume and defined catchment surface area deployed in 
the field, was used to measure bulk precipitation (Figure 
1, Table 1). The coordinates of the points are provided in 
Table 1. Samples were taken on a monthly basis from June 
2023 to May 2024. The volume of each collector was 5 
dm3 and the top area was 0.1194 m2. The volume of bulk 
precipitation was measured and then filtered (with paper 
filters, round, diameter = 185 mm, average seepage rate) 
at the Environmental Research Laboratory of UJK in Kielce. 
The filtrate was subjected to chemical analysis using 

Figure 1. Location of the study area (own compilation based on QGIS)

Table 1. Coordinates of the sampling points

No. GPS

1 50°38’12.1 “N, 20°42’23.1 “E

2 50°37’46.6 “N, 20°42’33.9 “E

3 50°37’49.2 “N, 20°43’07.5 “E

4 50°37’48.7 “N, 20°44’08.7 “E
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liquid chromatography (single sample averaged from all 
points), while the paper filter was dried for 24 hours at 
65oC in a thermostatic cabinet (POLEKO 6) and weighed 
on an analytical balance — KERN PJR 220 (particulate 
mass). The solids remaining on the walls and bottom 
were rinsed with distilled water. A DIONEX ICS-3000 ion 
chromatograph IonPac CS16 with 3×250 mm (cations) 
and IonPac AS18 2×250 mm (anions) analytical columns 
was used to determine the chemical composition. The 
analytical instrument was validated with certified reference 
material [Dionex Seven Standard Thermo no. 057590]. 
Scanning electron microscopy (SEM) was used to image 
the particulate matter deposited at the measurement 
points, and energy-dispersive spectrometry (EDS) was 
used to determine the chemical composition. The 
surface area of glass fibre filter (Whatman GF/D) used to 
prepare samples for ion analysis was analysed at different 
magnifications from ×1000 to ×5000. Numerical data 
were collated and analysed using MS Office Excel (version: 
2404). Meteorological conditions in the study area were 
determined on the basis of data from the IMGW Kielce-
Suków station, while immission data came from the station 
of the Chief Inspectorate of Environmental Protection – 
Gołchów-Ujęcie Wody. The study area is non-urban, sits at 
an elevation of 270 m a.s.l., and serves as a background air 
quality monitoring station. It is located approximately 7 
km southwest of the plant. For the purposes of this study, 
an analysis of PM10 immission data was carried out [CIEP 
Measurement Data Bank], (Figure 2).

3. RESULTS 

The study area lies in a predominantly westerly wind zone. 
Total precipitation at the time of the study reached 628.6 
mm (IMGW). The average air temperature was 10.5°C. 

According to data obtained from IMGW, the month with 
the most rainfall was August 2023 (90 mm) and the month 
with the lowest was May 2024 (10.4 mm). The highest 
mean monthly air temperature was in August 2023, and 
the lowest was in January 2024. During the period covered 
by the study (June 2023 to May 2024), the alert level air-
quality level of 150 µg/m³ was not exceeded, but the 
information level of 100 µg/m³ [Regulation…2012] was 
reached twice (Figure 2). The highest recorded value was 
113.3 µm/m3 on 01.04.2024. The permissible level was 
exceeded seven times — once in 2023 (1st of December) 
and six times in 2024 (9th, 10th, and 11th of January; 30th and 
31st of March; and 1st of April).
The surveys showed the presence of ions with 
concentrations in the following descending sequence, 
from highest to lowest: Ca2+ > SO4

 2⁻ > NO3⁻ > Cl⁻ > Mg2+ > 
K+ > NH4

+ > Fe3+
. The highest concentrations of most ions 

occurred in September, with chloride (Cl–) reaching 29.16 
mg/l, sulphates (SO4

2–) at 31.68 mg/l, sodium (Na+) at 20.50 
mg/l, magnesium (Mg²+) at 19.85 mg/l, and calcium (Ca2+) 
as high as 72.24 mg/l (Table 2). In the same month, high 
concentrations of potassium (K+: 3.87 mg/l) and nitrate 
(NO3

–: 12.8 mg/l) were also recorded (Figure 3). The annual 
average values of the individual ions were: 4.05 mg/l Cl–

;5.50 mg/l SO4
2–; 4.39 mg/l NO3

–; 3.07 mg/l Na+; 0.91 mg/l 
NH4

+; 2.59 mg/l Mg²+, 1.85 mg/l K+; and 19.34 mg/l Ca2+. 
Iron concentration (Fe3+) was measured in only one case 
(August, VIII – 0.0743 mg/l).
In the course of the study, only the April sample was 
collected without wet precipitation. It was categorised as 
a dry precipitation sample with weight that varied from 
point to point ranging from 0.0751 g (point 2) to 0.2576 g  
(point 1), with an average of 0.1354 g. The highest 
particulate mass in total precipitation was obtained in the 
months of May and August (Table 3). The point with the 

Figure 2. Daily concentration of PM10 dust against mean air temperature and daily precipitation totals during the study 
period (own elaboration, based on IMGW and CIEP data)
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highest particle capture during the test year was point 1. 
The average value for all points over the whole test period 
was calculated to be 0.1370 g per month and 1.05 g/m2  
per month. Adding up the dust mass from the entire 
study period and dividing it by the total inlet area of the 
collectors yielded a value of 11.3 g/m2 per year.
The concentrations of major ions varied over the study 
period, with Ca²+ showing the highest mean concentration 
(≈ 19.3 mg/L, max 72.2 mg/L), likely reflecting the 
influence of local mineral dust sources (Table 2). Other 
ions, including Cl⁻, SO₄²⁻, Na+, and K+, exhibited lower 
but still variable concentrations. Correlation analysis with 

monthly precipitation sums (OA) showed that some ions, 
such as Ca²+ (a ≈ -0.39) and Na+ (a ≈ -0.23), were negatively 
influenced by precipitation, indicating a partial dilution or 
washout effect during months with higher rainfall (Figure 
3). In contrast, NH₄+ shows a positive correlation (a ≈ 0.30), 
suggesting that local emissions or atmospheric chemical 
processes may play a larger role in its variability, while 
SO₄²⁻ exhibits a moderate negative correlation (a ≈ -0.34). 
Temporal trends highlight seasonal patterns; for example, 
Ca²+ concentrations are higher in September, and this may 
correspond to increased dust transport or dry deposition 
events.

Table 2. Average monthly concentrations of the main ions calculated based on the determination in 4 collectors  
(n.a. = below detection level)

Ions Cl– SO4 
2– NO3 

– Fe3+ Na+ NH4
+ Mg2+ K+ Ca2+ OA

Unit mg/l mm
VI 1.32 2.23 n.a. n.a. 1.22 0.27 0.51 1.33 9.23 5.86
VII 0.00 0.00 n.a. n.a. 0.80 0.24 0.54 0.65 11.34 20.66
VIII 1.58 3.79 0.15 0.0743 1.38 0.52 0.75 1.49 20.42 4.50
IX 29.16 31.68 12.78 n.a. 20.50 0.66 19.85 3.87 72.24 6.85
X 1.93 2.29 16.50 n.a. 1.49 2.60 1.34 5.68 19.74 19.45

XI-XII 0.74 0.82 1.33 n.a. 0.64 0.97 0.05 0.14 0.48 30.03
I 1.05 1.11 1.35 n.a. 0.78 0.78 1.10 0.25 8.23 12.35
II 0.61 1.34 2.27 n.a. 0.66 1.66 0.22 0.26 2.72 10.26
III 3.01 8.17 0.12 n.a. 1.89 1.11 0.36 1.02 12.86 3.20
IV – – – n.a. – – – – – –
V 1.12 3.52 0.62 n.a. 1.29 0.26 1.20 3.78 36.14 4.61

Average 
annual 
value

4.05 5.50 4.39 0.07 3.07 0.91 2.59 1.85 19.34
11.78 

 (117.77 in 
total)

Table 3. Mass of particulate matter in bulk precipitation

Point number 1 2 3 4 Average value for the month
Unit g

VI 0.5144 0.7759 0.3654 – 0.5519
VII 0.1488 0.057 – 0.0335 0.0798
VIII 0.1961 0.0920 0.2401 0.2547 0.1957
IX 0.0268 – 0.0195 0.0531 0.0331
X 0.0556 0.0220 0.0654 0.0945 0.0594

XI-XII 0.0284 0.0399 – 0.0569 0.0417
I 0.0124 0.0274 0.1792 0.0046 0.0559
II 0.0368 0.0321 0.0403 0.0303 0.0349
III 0.1182 0.0530 0.0640 0.0650 0.0751
IV 0.2576 0.0751 0.0877 0.1205 0.1354
V 0.5478 0.1310 0.1117 0.1314 0.2305

Annual average 0.1643 0.1121 0.1304 0.0820 0.1370
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The mass of particulate matter from individual collectors 
shows a noticeable spatial variability, with mean values 
ranging from 0.08 g (Collector 4) to 0.18 g (Collector 1),  
and standard deviations indicating heterogeneous 
deposition across collection sites (Figure 4). Mean PM 
across all collectors remains relatively stable ( ≈ 0.14 g), 
while negative correlations with precipitation (a = -0.25 
to -0.38 for individual collectors and a = -0.41 for mean 
PM) indicate that higher rainfall totals reduce airborne 
particulate matter through washout or dilution.
Combining the chemical composition of rainwater 
with particulate matter data highlights the interplay 
between atmospheric inputs and precipitation dynamics. 
Presence and concentration of ions such as Ca²+ and Na+ 
is influenced primarily by local dust sources, although Na+ 
may partly include long-range background contributions, 
and particulate matter deposition patterns reflect spatial 
heterogeneity and the mitigating effect of rainfall. The 
observed temporal and spatial variability in both ion 
concentrations and particulate matter underscores the 
importance of multi-collector sampling for capturing fine-
scale differences in atmospheric deposition. These findings 
allow for a comprehensive assessment of the chemical and 
particulate characteristics of precipitation, which is critical 
for understanding deposition processes, potential nutrient 
inputs, and pollutant transport in the area under study.
In the SEM image (Figure 5), the long, densely-packed silicic 
fibres, from which the filter is made, are the most numerous. 
Sharp-edged and spherical figures are also visible. The 
dimensions of most of these are between 20 and 50 μm. An 
analysis of the chemical composition of the deposited dust 
on the quartz filter was performed using EDS.
Silicon was dominant in the particle composition in round 
and more complex particle shapes, along with aluminium, 
iron, sodium, calcium and magnesium. The sample shown 
in Figure 5 originates from site 4 and was collected in 
March. The microphotographs and spectrograms illustrate 
features characteristic of samples taken around the plant, 
which were also observed in the remaining samples.

4. DISCUSSION

Dust in a rock mining area comes from one of two 
sources: the excavation process (primary) and transport 
(secondary). Existing orographic barriers and dense forest 
complexes, together with meteorological conditions, 
have a modifying effect on the deposition value [Aufar, 
Emil 2023]. The reference value for PM10, set at 40 µg/m3 
per year, was not exceeded; for Celiny during the study 
period; it was 16.7 µg/m3. The daily limit value of 50 µg/m3,  
however, was exceeded 7 times [Regulation…2012]. 
Analysis of the total precipitation and solids deposited on 
the surface of the filters showed varied precipitation water 
chemical composition, shape and particle size. 
The data obtained from the April samples as part of this 
study was compared with the results of similar work carried 
out within open-pit mines. Jóźwiak [2013] used deposition 
collectors to conduct quantitative studies of dust fallout 
in the vicinity of the mine in Łagów, and collected a mass 
of precipitation there that was 3 to as much as 121 times 
higher. There are also greater disparities between the 
largest and smallest amount of dust intercepted during 
each study; in Jóźwiak’s study, it was as high as 233.8 g/m2  
per year (196 times higher) and in Celiny, it was only 4.4 
g/m2 per year (17 times higher). The present study also 
covered the area in closer vicinity to the mining plant and 
the stony access road to the mine (secondary emissions). 
The amounts of precipitation detected there reach values 
exceeding the reference value by as much as 14 times.
In the Świętokrzyskie Voivodeship, studies of the physical 
and chemical properties of snow in the vicinity of the town 
of Łagów have been conducted by Szwed and Kozłowski 
[2022]. Thirteen measurement points were established 
over an area four times larger than that of the present 
study. Samples were taken twice at a two-week interval. 
Both the averaged and maximum values turned out to be 
much lower than in the analysis carried out in the present 
study. There was also a discrepancy in the descending ion 
sequence, with SO4

2+ ranking fourth in the analysis from 

Figure 3. Ion concentration vs. monthly precipitation sum
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the scientists from Kielce, and second in the study of the 
Celiny mine. 
The observed positive correlation in the present study 
between NH₄+ and NH₃ (a ≈ 0.30) is consistent with the 
findings of previous studies. The literature indicates that 
the variability of particulate NH₄+ is strongly influenced by 

local and regional emissions of NH₃, which is its primary 
gaseous precursor [Seinfeld, Pandis 2016; Aneja et al. 2001]. 
Numerous field measurements have demonstrated clear 
positive correlations between NH₄+ and NH₃ (R = 0.6–0.8) 
resulting from the conversion of ammonia into ammonium 
salts (such as ammonium sulphate and ammonium nitrate) 

Figure 4. Mass of particulate matter (PM) vs. sum of monthly precipitation
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through the neutralization of inorganic acids present in the 
atmosphere [Diao et al. 2022]. This indicates that both local 
NH₃ emissions and atmospheric chemical processes play a 
key role in shaping the variability of NH₄+ concentrations.
The moderate or weak correlation between NH₄+ and 
SO₄²⁻ (a ≈ –0.34) is also consistent with observations 
reported in the literature. Many studies emphasize that 

this relationship strongly depends on the seasonal ratios 
of NH₃, NO₃⁻, and SO₄²⁻, as well as on the availability of 
inorganic acids (H₂SO₄, HNO₃), which compete for reaction 
with NH₃ [Wang et al. 2022; Guo et al. 2017]. A negative 
or weakened correlation may indicate that NO₃⁻ was the 
dominant anion associated with NH₄+ during the analysed 
period, which is common in winter and in environments 

Figure 5. EDS analysis of exemplary objects



25

Mirosław Szwed, Weronika Matyjanek

affected by strong local emissions of NOₓ and NH₃ [Sun 
et al. 2016]. Additionally, it should be noted that the 
precursor of SO₄²⁻, SO₂, often originates from industrial 
sources and long-range transport, which may lead to 
different temporal patterns compared with locally emitted 
NH₃ [Zhang et al. 2018].
Overall, the correlation patterns observed in this study 
are in agreement with trends described in the literature, 
confirming that the variability of NH₄+ concentrations is 
governed by the combined influence of regional chemical 
processes, local emission sources, and competition among 
inorganic anions involved in aerosol neutralisation.
Research into the environmental impact of open cast mines 
has also been conducted using other media. Common 
choices have been pine needles, bark, soil [Kozłowski et al. 
2021] and lichens [Łubek 2010], due to their widespread 
occurrence in Poland and low tolerance to air pollution. 
SEM/EDS analysis of leaves and needles is also a frequent 
practise [Maňkovská et al. 2004, Szwed et al. 2020, Szwed 
et al. 2021]. Particles of similar shape, size and elemental 
composition to those identified on the foliage are found 
on filters. In the Celiny area, mineral particles with clay 
and silicon building round and more complex structures 
predominate. Their presence in the air is related to 
intensified mining activities and the natural weathering 
process of rocks and minerals. Substances dissolved and 
suspended in precipitation water have a significant impact 
on elements of the environment, including flora [Szwed 
et al. 2021, Szwed et al. 2020, Chudzińska, Prus-Głowacki 
2005], soil [Barga-Więcławska, Świercz 2015], surface water 
[Gately et al. 2023], and microbiota [Pecoriano et al. 2015]. 
Artificial intelligence has made it possible to automate 
the detection of air pollutants and their sources [Szwed 
2025, Szwed et al. 2025, Szwed et al. 2024], which could 
significantly reduce the time needed to perform analyses. 

5. SUMMARY AND CONCLUSIONS

The monitoring of industrial activities is an important 
element in well-organised raw materials management 
practices, especially in areas lacking automatic measuring 

stations. A wealth of information is needed to develop 
awareness in both the authorities and the  public. The 
chemical composition of atmospheric precipitation in 
the vicinity of the Celiny mine is strongly related to the 
profile of the economic activities carried out in the area. 
The analysis of PM10 dust concentrations did not exceed 
the alert and information levels, although the permissible 
level was exceeded several times during the year. The 
weighed amount of dust present in the total precipitation 
was not high. The use of scanning microscopy in this study 
has allowed for the identification of the main admixtures 
(pollutants), but can also allow for the identification of 
emission sources. The next part of the study will develop 
an intelligent detection model for selected objects 
(dust) using artificial intelligence. Further research at the 
described site, but also at similar sites, is still warranted.
Industrial activity monitoring remains essential, particularly 
in regions without automatic measuring stations, as it 
provides the data necessary for informed decision-making 
by authorities and for increasing public environmental 
awareness.
The chemical composition of atmospheric precipitation 
near the Celiny mine reflects the local industrial profile, 
indicating a clear link between emitted pollutants and 
ongoing economic activities.
Although PM10 concentrations did not reach the information 
or alert thresholds, exceedances of the permissible annual 
limits occurred several times, highlighting episodic but 
relevant air quality concerns.
The mass of dust present in total precipitation was 
relatively low, yet scanning electron microscopy effectively 
identified key particulate contaminants and demonstrated 
potential for tracing emission sources. Future work will 
focus on developing an intelligent detection framework 
for particulate matter using AI. Continued monitoring 
at this and other comparable sites is justified to better 
understand pollution dynamics and support better 
environmental management.

REFERENCES AND LEGAL ACTS

ANEJA V.P., ROELLE P.A., MURRAY G.C., SOUTHERLAND 
J., ERISMAN J.W., FOWLER D., ASMAN W.A.H., PATNI N. 
2001. Atmospheric nitrogen compounds II: emissions, 
transport, transformation, deposition and assessment. 
Environmental Pollution 102, 1: 1–25.

AUFAR G., EMIL G. 2023. Characteristics of environmental 
degradation in mining areas (A case study of the 
Southern Trans-Urals). Annals of Environmental Science 
and Toxicology 7, 1: 4–12. DOI: 10.17352/aest.000064

BARGA-WIĘCŁAWSKA J. A., ŚWIERCZ A. 2015. A long-term 
influence of anthropogenic alkalization on molluscs 

biodiversity in an area affected by cement industry: 
Świętokrzyskie mountains, south-central Poland. 
Archives of Environmental Protection 41, 4: 49–61. DOI: 
10.1515/aep-2015-0039

CHUDZIŃSKA E., PRUS-GŁOWACKI W. 2005. Sosna 
zwyczajna (Pinus sylvestris L.) jako modelowy obiekt 
oddziaływania skażeń przemysłowych na pulę 
genów. Ochrona Leśnych Zasobów Genowych i 
Hodowla Selekcyjna Drzew Leśnych w Polsce - Stan i 
Perspektywy. [Scots pine (Pinus sylvestris L.) as a model 
object of the impact of industrial pollution on the 

25



Precipitation characteristics in the open-pit limestone mining area in Celiny near Kielce

26

gene pool. Protection of Forest Genetic Resources and 
Selective Breeding of Forest Trees in Poland - Status and 
Perspectives]. Międzynarodowa Konferencja Naukowo-
Techniczna, Ustroń.

DIAO Y., LIU A., HU Q., YANG M., ZHAO T., CUI Y., SHI S., KONG 
X. 2022. Characteristics of chemical composition and 
source apportionment of PM2.5 during a regional haze 
episode in the Yangtze River delta, China. Frontiers in 
Environmental Science 10.

GATELY J., KIM S., JIN B., BRZEZINSKI M., IGLESIAS-
RODRIGUEZ M. 2023. Coccolithophores and diatoms 
resilient to ocean alkalinity enhancement: A glimpse of 
hope?. Science Advances 9, 24: eadg6066. DOI: 10.1126/
sciadv.adg6066

GUO H., WEBER R. J., NENES, A. 2017. High levels of 
ammonia do not raise fine particle pH sufficiently to 
yield nitrogen oxide-dominated sulfate production. 
Scientific Reports 7, 1: 12109. https://doi.org/10.1038/
s41598-017-11704-0

GŁÓWNY INSPEKTORAT OCHRONY ŚRODOWISKA [CHIEF 
INSPECTORATE OF ENVIRONMENTAL PROTECTION]. 
Bank danych pomiarowych [Measurement data bank]. 
powietrze.gios.gov.pl. Accessed 2.06.2024. 

GŁÓWNY INSPEKTORAT OCHRONY ŚRODOWISKA [CHIEF 
INSPECTORATE OF ENVIRONMENTAL PROTECTION]. 
Indeks Jakości powietrza [Air quality index]. 
https://powietrze.gios.gov.pl/pjp/content/health_
informations. Accessed 10.06.2024.

JÓŹWIAK M. 2013. Ocena wpływu kopalń kruszyw na 
zapylenie powietrza w gminie Łagów [Assessment 
of the impact of aggregate mines on air dust 
in the Łagów commune], Materiały gm. Łagów, 
2013. https://www.lagowgmina.pl/asp/pliki/
Aktualnosci/zanieczyszczenie_powietrza_w_jezyku_
niespecjalistycznym.pdf. Accessed 27.06.2024.

KOZŁOWSKI R., SZWED M., ̇ Ż̇ELEZIK M. 2021. 
Environmental aspect of the cement manufacturing in 
the Świętokrzyskie mountains (southeastern Poland). 
Minerals 11, 3. DOI: 10.3390/min11030277

KUTEK J. 1968. Kimeryd i najwyższy oksford południowo-
zachodniego obrzeżenia mezozoicznego Gór 
Świętokrzyskich Część I – Stratygrafia [Chimeris and 
the highest oxford of the south-western edge of 
the Mesozoic Mountains Part I – Stratigraphy]. Acta 
Geologica Polonica 18: 3. 

ŁUBEK A. 2010. Porosty [Lichens]. In ŚWIERCZ A. 
(ed.), Monografia Chęcińsko-Kieleckiego Parku 
Krajobrazowego, Uniwersytet Jana Kochanowskiego 
[Monograph of the Chęciny-Kielce Landscape Park, Jan 
Kochanowski University], 191–197. Kielce.

MAJEWSKI M., KOSTRZEWSKI A. 2024. Stan 
geoekosystemów Polski w 2023 roku na podstawie 
badań Zintegrowanego Monitoringu Środowiska 
Przyrodniczego. Poznań.

MAŇKOVSKÁ B., GODZIK B., BADEA O., SHPARYK Y., 
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