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Abstract
Light pollution is one of the most widespread but at the same time least noticeable environmental hazards 
resulting from human activity. It is defined as disturbing the nocturnal environment with light emitted by 
anthropogenic sources. Light pollution is described as the glare, the trespass, and the sky glow resulting from 
the scattering of artificial light in the atmosphere. The paper analyses the impact of these three categories 
on the environment. The results of the long-term research on this problem are presented. It was found that 
the largest impact on the environment, both direct by the glare and indirect by the sky glow, result from 
lamps with spherical shields and LED advertising billboards. The possible influence of light pollution on the 
eutrophication of reservoirs was also researched.
Keywords: light pollution, glare, sky glow, eutrophication

Streszczenie
Zanieczyszczenie świetlne jest jednym z najpowszechniejszych, lecz jednocześnie najmniej zauważalnych 
zagrożeń środowiskowych. Jest ono rozumiane jako zaburzanie nocnego środowiska naturalnego świat- 
łem emitowanym przez źródła antropogeniczne. Przejawia się poprzez: olśnienie, zaświecanie oraz łunę 
świetlną, powstającą wskutek rozpraszania sztucznego światła w atmosferze. Przedstawiono wpływ wymie-
nionych kategorii zanieczyszczenia świetlnego na środowisko naturalne. Zaprezentowano wyniki własnych 
badań tego zagadnienia. Stwierdzono, że największy wpływ, zarówno bezpośredni poprzez olśnienie, jak też 
pośredni, poprzez łunę świetlną, mają lampy z kulistymi osłonami oraz reklamowe tablice LED. Zbadano 
również możliwy wpływ zanieczyszczenia świetlnego na eutrofizację zbiorników wodnych.
Słowa kluczowe: zanieczyszczenie świetlne, olśnienie, łuna świetlna, eutrofizacja

Light pollution as an environmental hazard
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1.  Introduction

Light pollution, known also as photopollution, is one of the more burdensome and, 
at the same time, one of the most unnoticed environmental hazards. Usually, it is defined 
as the nuisance of artificial lighting caused by an excess of light coming from improperly 
designed light sources. However, there are many other more or less detailed definitions. 
The phenomenon was described for the first time by astronomers in the mid-1970s as light 
pollution [4, 40], defined only as the brightening of the night sky due to artificial lighting. 
At this time, the impact of light pollution on ecosystems had already been noticed, and in 
the 1980s, the notion of photopollution was introduced as the degradation of the natural 
environment by artificial lighting [39].

2.  General concept of light pollution

2.1.  Forms of light pollution

According to the classification introduced in 1988 by the International Dark-Sky 
Association [13], light pollution may occur in the following forms: 

▶▶ The g l a r e  when the light source is directly visible and the contrast between it and the 
surroundings causes disturbance to the nocturnal vision of living organisms is one such 
form of light pollution. Examples are brightly lit ski slopes in winter, street lighting, and 
especially various types of illuminated advertising installations, mainly LED billboards 
rapidly changing their brightness;

▶▶ Tr e s p a s s, treated as a violation of property boundaries, constitutes another form of 
light pollution. It occurs when the light source illuminates not only the dedicated area, 
but also the surrounding area. A typical example is the light of exterior street lamps 
illuminating the interiors of flats through the unprotected windows. Another example 
may be lamps intended to illuminate roads leading through the National Parks and 
other protected areas illuminating the surroundings and, in doing so, disturbing the 
local nocturnal ecosystems; 

▶▶ G r o u p i n g  o f  l i g h t  is the form of light pollution in which the number of light 
sources in a given area exceeds the needs. This phenomenon often occurs in tourist 
areas, because the overlapping illumination coming from brightly glowing lamps is 
often treated as a decorative element. Such grouping of lamps also constitutes sources 
of light pollution in the previously mentioned categories. In urban areas, this kind of 
light pollution sometimes occurs in parks or university campuses. However, it can also 
be found in the vicinity of recreation centres located near or even inside the National 
Parks, reserves and other protected areas. This type of light pollution is especially 
visible in the case of lighting of sports facilities – sports fields, ski slopes, etc.;

▶▶ S k y  g l o w  is a form of light pollution resulting from the dispersion of artificial light 
on atmospheric aerosols. This is the most widespread category of light pollution as such 
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dispersed light even reaches areas where none of the previously mentioned categories 
of light pollution are present. The sources of sky glow are improperly shielded lamp 
filaments or wrongly inclined lamp holders. Every single such light induces a local 
sky glow effect, which is important particularly in National Parks, reserves and other 
protected areas. However, it should be emphasised that exceptionally strong sources of 
this kind of light pollution are city glows, which have an impact upon and disturb even 
distant nocturnal ecosystems.

2.2.  The scale of the problem

The negative impact of artificial lighting on the environment had already been noticed as 
early as the nineteenth century [11, 26]. However, until the second half of the twentieth century, 
it seemed that this effect was minimal and limited only to certain specific environments [24].

Starting from 1950s, the rapid development of urbanisation, as well as the emergence of 
inexpensive sources of light, made it difficult to find areas of natural nocturnal darkness in 
densely populated areas on Earth. The main problem has become the sky glow, caused by the 
uncontrolled emission of light to the sky [38]. Satellite images show that the main such light-
polluted areas are the eastern states of the USA, Central and Western Europe and Japan. Analysis 
of archival measurements of the brightness of the night sky led to the conclusion that from the 
early 1990s, only Białostocczyzna (NE Poland) and the Bieszczady Mountains (SE  Poland) 
show no increase in this quantity among the researched areas of Poland. In other cases, especially 
in large cities, a rapid increase in the sky glow surface brightness has been observed since the end 
of the 1990s [36]. Recently, Kyba et al. have shown a worldwide increase in brightness and lit 
area using VIIRS DNB data [20]. Until the middle of the twentieth century, it was believed 
that the only disadvantageous effect of the sky glow was its interference with astronomical 
observations. As a result, it was mainly astronomers who were interested in this phenomenon; 
of course, they only researched the glow of the cloudless sky. However, the glow of an overcast 
sky in the presence of light pollution sources is much brighter so, in this case, it has a significant 
environmental impact. This aspect of light pollution has only recently received attention [18, 
35]. Analysis of the Light Pollution Atlas [9] and VIIRS satellite data [32] combined with 
the results of measurements made by the Light Pollution Monitoring Laboratory at Cracow 
University of Technology [35, 36] leads to the thesis that approx. 85% of Poland’s surface is 
threatened by light pollution in the form of sky glow. In these areas, the luminance of a clear and 
cloudless sky exceeds the natural level of 0.21 mcd/m2. About 7% of Poland’s surface is light 
polluted to a high extend with sky luminance exceeding 1.09 mcd/m2, which is over five times 
the natural level. Ground illumination from such a bright sky significantly exceeds the natural 
luminance caused by a quarter moon (0.63 mcd/m2) [38]. The most light-polluted areas in 
Poland are primarily the Silesian agglomeration, the surroundings of Gdańsk-Sopot-Gdynia, 
Łódź, Warszawa and Kraków, but there is also light pollution in the surroundings of each smaller 
town. Extending the previously accepted categorisation of light polluted areas [36], it can be 
concluded that the following areas belong to individual categories: A – large, industrialised cities 
(e.g. Kraków, Warszawa), B – medium or small cities in industrialised areas (e.g. Lublin, Szczecin, 
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Niepołomice), C – medium-sized or small towns in medium-industrial areas or distant suburbs 
of large cities (e.g. distant suburbs of Lublin, Szczecin or Elbląg), D – medium or small towns in 
poorly industrialised areas (e.g. Krosno, Białystok), E – uninhabited or sparsely populated areas, 
located in non-industrialised areas (e.g. Bieszczady, Polesie Lubelskie, Puszcza Augustowska). 
The most important factor here is not the population, but its density, which should be associated 
with the effect of grouping the light sources and the superposition of the light coming from 
them. It seems that up to a population density of around 200 inhabitants/km2, the impact of 
surface light sources on the brightness of the sky glow is negligibly small [38].

2.3.  The environmental impact of light pollution

Among the many negative phenomena associated with the described problem, one can 
mention, in particular, the disturbance of nocturnal migrations, naturally guided by such sources 
of light as the moon or the stars of some constellations [1, 7, 30]. Migration disorder may consist 
of confusion through surface light sources misidentified as the moon, as well as blinding birds by 
bright light sources causing degradation to the nocturnal adaptation of their eyes. Probably even 
the glows of cities they pass prevent the identification of constellations of stars known to birds.

Birds are often victims of collisions with bright, illuminated windows [5]. This is especially 
true for office buildings, often built with glass technology. Such a bright glass wall blinds birds 
at night and confuses them. As part of the FLAP program [10] during each of the three- 
-month migration seasons of 1993–1995, more than 5,000 birds from 158 species, who were 
victims of such collisions, were collected in the Toronto (Canada) office district, of which 
64 species are on the list of endangered species. It is estimated that every year, at least one 
million night migrating birds perish in this city.

Artificial lighting also disturbs the reproductive cycles of many animals, mainly amphibians 
such as frogs and salamanders, as well as insects [28]. This negative effect was also found among 
mammals, including lemurs [21]. This poorly researched negative impact of light pollution 
directly affects night ecosystems, causing in particular, an increase in the rate of the extinction 
of certain species. Night lighting, both direct as well as through the sky glow, often disturbs the 
hunter-victim balance, for example, by extending the period of activity of migratory falcons 
into the night [23]. Other examples of the negative effects of light pollution are found in the 
ecosystems of reservoirs [25], where the artificial lighting of the water surface affects the 
vertical migration of zooplankton. This is the reason for its deficit in reservoir surface layers, 
just as occurs during the full moon [15]. In the case of the constant artificial lighting of the 
water surface, both direct through local lighting, as well as through the sky glow of nearby 
cities, zooplankton always avoids feeding in the subsurface layers of the reservoir; this could 
cause the growth of phytoplankton and, as a result, eutrophication [38]. It was also found that 
artificial light at night changes the daytime behaviour of certain species of fish [17].

The health implications of light pollution should also be considered [29]. Night lighting 
inhibits the production of melatonin in the human body which leads to sleep disorders. 
This, in turn, increases the risk of developing various types of diseases, both psychological 
(depression) and somatic (including cancer).
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2.4.  Sources of light pollution

The causes of light pollution are all improperly constructed light sources, most often street, 
park and residential lamps [2, 8, 35]. In many cases, the problem is not so much the kind of 
light source or its brightness as the construction of the cover or inclination of the shield to 
the plane of the horizon. Older models of street lamps with a convex cover of the light source 
which, in addition to illuminating a dedicated object (road, pavement, parking), also send 
a large part of the luminous flux above the horizon. This in turn causes not only dazzling of 
animals and people, but also contributes to the local sky glow. Nowadays, it is recommended 
to use lamps with a flat cover. However, even such a solution can be a source of sky glow when 
the lamp shield is not parallel with the line of the horizon.

Extreme negative examples of lighting are lamps with ball-shaped covers and other 
decorative lamps, often found in parks and housing estates. These lamps direct most of their 
light sideways and upwards. At the same time, the opaque base of the cover casts a shadow on 
the ground, resulting in insufficient lighting of the surface under the lamp. Sometimes, often 
for decorative purposes, sets of several such covered lamps are created, forming a composite 
lamp. Such lamp, although correctly illuminating the surface, significantly increases the glare 
effect and also contributes very much to the sky glow. Sometimes, reflected street lamps are 
used. In this case, the light is directed upward to a mirror, which then reflects the light to 
the ground. The advantage of this kind of lighting is the lack of a dazzling effect. However, 
unfortunately, a large proportion of the light stream often bypasses the mirror resulting in 
a significant contribution to the sky glow.

Other types of light pollution sources are advertising boards (billboards), which can 
be both illumined externally and self-illuminated (LED boards) [22]. In the first case, light 
pollution is generated by models with bottom lighting, often with individual reflectors. In this 
case, light, both reflected from the board as well as passing it, contributes to the sky glow. LED 
boards, often rapidly changing in their brightness, cause glare in addition to contributing to 
the sky glow. This not only constitutes a threat for drivers, but is also the cause of disturbance 
to the neighbouring night ecosystems.

It should be noted that illumination of monuments also often contributes to an increase in 
brightness of the sky glow [31].

3.  Results of the measurements

3.1.  Measuring instruments

The measurements of light intensity were performed using the Sonopan L-52 high- 
-sensitivity lux meter. The lux meter has four sensitivity ranges: 1–2000 lx, 0.1–200 lx, 0.01–20 lx 
and 0.001–2 lx. The experimentally determined accuracy of measurements for these ranges was 
3, 0.3, 0.03 and 0.003 lx, respectively. Measurements of illuminance from distant sources were 
made using a diaphragm enabling the isolation of such sources from the environment.
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The sky glow is the extend object like comets, nebulae or Milky Way. Since the light 
from any extended object is spread out over some area of the sky, astronomers measure their 
surface brightness. The surface brightness is a measure of brightness per area on the sky. 
Measurements of the sky glow surface brightness (Sa) were made using specialised sky quality 
meters (SQM), giving the results in units of surface brightness commonly used in astronomy: 
magnitude per square arc second (mag / arcsec2) [12]. This is a logarithmic and inverse scale, 
i.e. higher Sa values mean darker sky, based on the human perception of the brightness of 
a luminous surface. There is no direct equivalent of these units in the SI system; however, to 
a certain extent they can be converted to the cd/m2 units of luminance or mcd/m2 in low light. 
The commonly used formula for conversion of these units is [6]:

		  [cd/m2] = 108930 · 10^(−0.4 ∙ [mag/arcsec2])	 (1)

The accuracy of the SQM guaranteed by the manufacturer is in the order of 0.1 mag/arcsec2. 
However, the tests performed showed a Sa reading stability of 0.02 mag/arcsec2 under stable 
atmospheric conditions.

Fig. 1. Satellite map of the zenith sky brightness for the cloudless nights for Poland in 2015; the colours 
correspond to the modelled night sky surface brightness expressed in the astronomical units mag/arcsec2 and 

also in the SI units mcd/m2 (VIIRS/DMSP Earth Observation Group, NOAA National Geophysical Data 
Center, https://www.lightpollutionmap.info)
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It should be noted that there is also a new method for nocturnal light providing spatially 
resolved full-spectrum radiance over the full solid angle using an all-sky camera [14] and it is 
planned for use in future research. 

3.2.  Researched cases

3.2.1.  Direct lighting by artificial light sources

Measurements of illuminance of the ground as a function of distance from different types 
of lamps (Fig. 2) were made in three directions: towards the illuminated object (front), in the 
direction perpendicular to the previous direction (sideways) and in the opposite direction to 
the illuminated object (backlight). For some types of lamps, measurements were also taken 
vertically upwards, at a height of approx. 10 m above the lamp.

Fig. 2. Illuminance range spatial distribution (at the 5 lx level, on the left and at the 1 lx level, on the right) around 
several types of lamps – estate lamps with a transparent and white ball shields, street high pressure sodium lamps 

(HPS), street LED lamps; distance from the lamps is given in metres, the four cardinal directions are given in 
degrees, where 0 denotes the direction of the illuminated street and 180 denotes the opposite direction 

In the case of a lamp with a transparent ball-shaped cover, the distribution of illumination 
around the lamp and above it turns out to be largely isotropic with the exception being a deficit 
in the illumination of the ground directly under the lamp. This effect is related to the shadow of 
the cover base on the ground. The maximum illuminance, approx. 10 lux, occurs at a distance 
of 5 m from the lamp. Illuminance from these kinds of lamps drops to a level of less than 0.2 lx 
at a distance of approx. 15 m. This is a value close to that of a full moon, so these lamps should 
not pose a threat to the near-surface areas of surrounding ecosystems. Moreover, they are seen 
from distances exceeding a dozen or so metres at low altitudes above the horizon. However, 
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considering that around 70% of the light coming from these kinds of lamps is directed above the 
horizon, they are one of the most significant artificial sources of light disturbing the ecosystems 
of flying animals. In particular, in the Ojców National Park and in Orawa, the concentration of 
various species of moths and bats hunting for them is observed around the street lamps, which 
is a significant violation of the hunter-victim balance [33].

Similar considerations apply to lamps with spherical translucent white covers. The only 
difference to the previously described lamps is that there is practically no shadow area under 
such lamps.

Measurements of illumination from high-pressure sodium lamps (HPS) and modern 
LED lamps showed its highest value in the axis of the illuminated street. This is, of course, 
consistent with the intended purpose of this kinds of lamps. Illumination in the direction of 
illuminated streets falls below 5 lux at a distance of 20 m from the lamp. This means that the 
road is properly illuminated across the whole of its width. Illumination in the perpendicular, 
sideways direction also reaches a limit value of 5 lux at a distance of about 20 m, which means 
that such spaced lamps should correctly illuminate the street. In the opposite direction, to the 
illuminated object, the level of backlight from the HPS lamps decreases to 5 lx at a distance of 
10 m and only 5 m for LED lamps. From a distance of 7 m, the illumination from LED lamps 
ceases to be measurable.

The illuminance from a single house at a distance of 60 m is equal to 0.06 lx, from a single 
shining window at a distance of 20 m it is 0.08 lx, from a shopping centre at 2 km it is 0.018 lx, 
and at a distance of 600 m it is 0.03 lx , while from an isolated housing estate at a distance 
of 2 km it is 0.2 lx. Therefore, illumination in these cases is small, only in the latter case is it 
comparable with the maximum illuminance from a full moon (0.2 lx). Due to the fact that 
such distant sources of light are seen by ground-based living organisms at a low altitude above 
the horizon, they are effectively obscured by terrain and vegetation, and in this case, their 
direct impact on ecosystems should be considered to be insignificant. Such light sources, 
however, have an impact on the behaviour of bats, birds and insects active at night.

Much more threatening sources of light pollution in this category are advertising light 
boards, in particular LED boards with quickly changing brightness. Measurements show that 
at a distance of 12 m from this type of billboards, the illuminance often changes from 65 lx to 
280 lx within a fraction of a second. Sometimes, illuminance changes even in the range from 
15 lx to as much as 330 lx, which constitutes a more than twentyfold increase. In this case, the 
effect of glare is particularly important. It should also be noted that in this case, the maximum 
illuminance exceeds that of a full moon by a few orders of magnitude reaching a value similar 
to that from the setting sun on a cloudless day.

3.2.2.  Illumination of the Earth’s surface by the night sky glow

The measurements of the sky surface brightness and the ground illumination made on 
three positions enabled the determination of a strictly linear relationship between these two 
factors [16]. This enables estimation of the ground illumination even if only the Sa values are 
known.
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Measurements of the surface brightness Sa of a clear and cloudless night sky revealed that the 
illumination of the ground through artificial light scattered in the atmosphere, even in a large 
city, does not exceed 0.01 lx. Such lighting should not directly affect the ecosystems. However, 
the surface brightness of such sky especially in the presence of particulate matter in winter, 
is comparable to the sky surface brightness at dusk. This, of course, can disturb the circadian 
rhythms of many organisms, including humans, by affecting their biological clocks [38].

The measurements of the sky surface brightness as a function of the degree of cloudiness 
were made in 2010-2016 in different environments (Fig. 3). They showed a clear positive 
correlation between these values. In the case of large cities, the surface brightness of the 
overcast sky reaches 16 mag/arcsec2 and the corresponding ground illuminance exceeds 
0.2 lx. This value is significantly greater than the measured ground illuminance by a full moon 
(0.1–0.2 lx), as well as the value of 0.1 lx given in the literature for our latitudes [3], and even 
is close to the value of 0.3 lx, which is given for tropical areas [19]. In the presence of snow 
cover, the sky surface brightness reaches a value close to that measured about an hour after 
sunset. Such illumination undoubtedly affects ecosystems, especially in the case of organisms 
which have a life rhythm regulated by the light of the moon. The yearly statistics of the sky 
surface brightness measured on moonless nights showed that in the centre of Kraków, as 
much as 38% of such nights is brighter than during a full moon period. In large estates and on 
the outskirts of the city, this value is 14–25% and 10%, respectively. It should be remembered 
that the moon is almost a point source of light, and furthermore, its elevation changes over 

Fig. 3. The night sky surface brightness (Sa) and ground illuminance as a function of estimated cloudiness 
for three different environments; the horizontal line indicates the sky surface brightness giving the ground 

illuminance equal to that provided by a full moon
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the course of the night, but the sky glow is visible all night, turning it into ‘dusk’. This effect 
is not strictly related to the size of the settlement unit or its population, but rather to the 
density of light sources and thus, the density of the population. The sky surface brightness 
measured in the cities of Bielsko-Biała, Wadowice and Zakopane sometimes exceeds even 
that measured in Kraków [34]. In each case, the range of the ‘light island’, defined as the range 
of the measurable brightening of the sky at its zenith in comparison with the surroundings, 
reaches a distance of around 3 km from the border of the settlement unit.

3.2.3.  The impact of sky glow on the eutrophication of reservoirs

The impact of the night-time lighting of the water surface on the reproduction and mobility 
of zooplankton is observed in literature [15].

In 2014–2016, measurements of the sky surface brightness were performed at the water 
intake of the Municipal Water and Sewerage Company in Kraków (MPWiK) on the Dobczyce 
Reservoir. These measurements enabled the analysis of the impact of the night sky surface 
brightness on the values of water quality indicators, measured at this position. The averaging 
of the night sky surface brightness on a time interval containing the local midnight, i.e. from 
11:00 pm to 1:00 am, enabled the elimination of the effect of the variable length of twilight 
during the year.

Weekly reports from MPWiK give the values of the following water quality indicators 
for samples collected at three different depths (3, 10 and 15 m): temperature, turbidity, pH, 
dissolved oxygen, silica, dissolved phosphates, total phosphorus, Kieldahl nitrogen, BOD5 
(biochemical oxygen demand), COD (chemical oxygen demand), suspension, conductivity, 
chlorophyll , phytoplankton and zooplankton (total) and the saprobic index. A clear periodicity 
of about 30 days, repetitive in each research year, is observable with regard to the following 
indicators: concentrations of phosphates, total phosphorus, and especially chlorophyll a and 
an abundance of phytoplankton and zooplankton. This periodicity is clearly correlated with 
changes in the sky brightness associated with the phases of the moon. It should be noted that 
values of these last mentioned indicators are directly related to the content of phytoplankton 
in water.

In the case of the Dobczyce Reservoir, the surface brightness of the night sky reaches 
values similar to that of the period of nautical twilight (Sa = 16.6 mag/arcsec2). It was the 
cause for research of the correlations between the chlorophyll a content and the night sky 
surface brightness of the night sky in 2014–2015 (Fig. 4). Due to the different frequency 
of measurements of both quantities, monthly averages were analysed. Only the vegetation 
months were taken into account, i.e. those in which temperatures enabled the development 
of phytoplankton: seven months in 2014 and five months in 2015. 

The calculated Spearman’s rank correlation coefficients between the chlorophyll a content 
and the night sky surface brightness were –0.964 in 2014, –0.900 in 2015, and –0.909 for 
both years in total. As the quantity of analysed series of data was small, the critical values 
calculated with the use of randomisation tests [27] were used to assess the significance of these 
correlation coefficients. A one-sided permutation test was used. The correlation coefficient 
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was equal to the critical value for the significance level α = 0.0025 in 2014 and for α = 0.05 
in 2015. For both years together, the correlation coefficient was higher than 0.846, which is 
the critical value for the significance level α = 0.0005. This means that the determined high 
correlations are significant, confirming the thesis of the impact of the night sky brightness on 
the chlorophyll a content. This is additionally confirmed by the impact of water turbidity on 
the correlation level observed in 2014 [37]. 

4.  Summary and conclusions

The presented research shows that artificial, improperly shielded light sources should 
have only a small direct impact on terrestrial ecosystems. However, they cause disturbance 
of the hunter-victim balance in the case of pterofauna ecosystems. The problem concerns, 

Fig. 4. Average monthly concentration of chlorophyll a in the surface layer of the Dobczyce Reservoir  
(3 m under the surface of the water) vs. the night sky surface brightness (Sa) in 2014 and in 2015
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in particular, lamps with spherical shields. In this case, approx. 70% of the light is emitted 
above the horizon line, with the dominant vertical direction. The same light sources generate 
the night sky glow to a large extent. Such glow, especially in cities, has a major impact on 
ecosystems, both by creating the effect of unceasing twilight, and by illuminating the ground 
at night in conditions with an overcast sky. Moreover, the sky glow also affects the city’s 
surroundings, directly disturbing the night ecosystems in the adjacent areas, mainly because 
the permanent full-moon light level masks the natural cycle of the moon. An example of such 
ecosystems is reservoirs, where both night lighting of the water surface by the light sources 
located on the shore (or, for example, the dam shaft), as well as by the glow coming from 
surrounding villages, can lead to eutrophication and, as a result, water quality deterioration.

To minimise the negative impact of artificial night lighting on the environment, it is 
necessary to:

▶▶ avoid the placement of various types of advertising boards, especially LED with variable 
brightness, near protected areas;

▶▶ install street lamps at such distances from the protected areas that outside the dedicated 
area, the ground illumination does not exceed that which comes from a full moon. The 
minimum distance, regardless of the type of lamp, can be specified at approx. 35–40 m; 

▶▶ use appropriate shields which direct light only to the dedicated area – the impact of 
the direct light of such a lamp on the surroundings will then be minimised, and the 
brightness of the sky glow will also be reduced, and this particularly applies to cities 
located near protected areas.

These activities, in addition to having a positive impact on the environment, will give 
measurable economic benefits.

Further studies of the described problem are planned, in particular, with regard to the 
effect of the spectrum or colour of nocturnal light on the environment.

I would like to thank the employees of the Municipal Water and Sewerage Company in Kraków (MPWiK), especially 
to Mr. Jacek Stasik for the supervision of continuous measurements of the night sky brightness on the water intake in 
Dobczyce and to Mr. Tadeusz Bochnia for sharing weekly reports on water quality.
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