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Surfactants: a real threat to the aquatic geoecosystems of lobelia lakes
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Abstract: Lobelia lakes are valuable elements of the natural environment. They are characterised by low trophy, mainly in-forest location 
and a high transparency of water. However, similarly to other surface waters, they are subjected to increasing anthropogenic pressures, 
a good indicator of which is the level of surfactants, also called surface-active agents (SAAs). The aim of the study was to evaluate the 
intensity of anthropogenic pressures in 13 selected lobelia lakes and 14 streams in the catchments of these lakes in Northern Poland, based 
on SAA concentrations in the waters of these water bodies. We collected one water sample from each of these water bodies and determined 
the concentrations of cationic, anionic and non-ionic SAAs. We then compared the results with data concerning the ways in which these 
catchments and water bodies are used. While ionic (cationic and anionic) SAAs were found to be present in all the 27 samples (with 
concentrations ranging from 0.05 to 0.51 mg dm–3), non-ionic SAAs were identified in 17 of 27 samples (from 0.00 to 2.43 mg dm–3) with 
three samples largely exceeding the maximum concentration values reported by other authors. We concluded that SAAs are a real threat to 
the aquatic geoecosystems of lobelia lakes and that the pressures of tourism and leisure have the greatest impact.
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Introduction

The natural environment is a complex but very well 
functioning system in the absence of anthropogenic 
pressures. However, increasing anthropogenic pressures 
interfere with its functioning and lead to degradation 
of its individual components. This system is made up 
by objects between which certain interrelations may be 
identified that result from the flow of energy and circu-
lation of matter. In landscape geoecology, such systems 
are referred to as geoecosystems (Kostrzewski 1991, 
1993). Geoecosystems that are both particularly endan-
gered by and susceptible to degradation are lakes. Lakes 
play the role of water bodies that retain matter, while 
their feeding streams serve as a source of energy and 
matter for these hydrographic objects. Thus the geoeco-
system of a lake is not only made up by the very water 
body (the lake) but also by its catchment. The function-
ing of individual lake geoecosystems is determined by a 
number of factors that principally include climatic fac-
tors, hydrological factors, environmental features of the 
catchment and the limnologic features of the water body 
(Markowski and Kwidzińska 2015). However, the func-

tioning of a lake geoecosystem is mainly based on the 
constant transport of matter from the catchment and 
on the accumulation of matter within the lake. Matter 
is supplied to the lake from two sources: surface sources 
(via transport from the catchment) and point sources 
(i.e. the feeding streams). Previous papers on the func-
tioning of lake geoecosystems have pointed to streams 
as the main source of pollution. Along with stream wa-
ter, lakes are supplied with a number of substances re-
sponsible for lake degradation, with biogenic substanc-
es, such as nitrogen and phosphorus compounds being 
among the most commonly listed ones. Obviously, these 
are not the only compounds responsible for lake degra-
dation. With the progress of human civilisation, increas-
ingly complex chemical compounds are introduced to 
the aquatic environment, such as hydrocarbons, phar-
maceuticals (which include antibiotics and hormones), 
pesticides, herbicides, phenols and many others. Their 
presence affects and changes the aquatic environment, 
and due to the limited possibilities of researchers in-
vestigating the pollution of inland waters, these sub-
stances are often omitted in  basic water quality tests. 
Surfactants belong to a group of compounds that are  
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frequently used by humans in every aspect of their ac-
tivity and are often omitted when evaluating the degree 
of water degradation.

Surfactants
Surfactants comprise the various chemical com-

pounds referred to as surface-active agents (SAAs) that 
have been used by humans for centuries. Initially, these 
were substances of natural origin for the production 
of which such plants as chestnuts, walnuts or lemons 
were used. Currently, synthetic substances are used 
for their production. Surfactants are not only widely 
used in households but also in industry. Thanks to 
their amphophilic properties, surfactants have been 
used as washing substances, softeners, wetting agents, 
foaming agents, thickeners and emulsifiers, semicon-
ductors, and materials for the manufacture of paints 
and varnishes (Ying 2006; Myers 2005). They are com-
monly used in households and are found in washing 
and cleaning agents, medicines, antibacterial and an-
tifungal agents, cosmetics, paints, petroleum products 
and even in foods. Thanks to a wide spectrum of ap-
plications, the annual production volume of surfactants 
ranges, depending on the source, from 15 to 18 million 
tonnes (Lara-Martin et al. 2006). After they have been 
utilised, most surfactants, along with waste water, reach 
water treatment plants, where they are subjected to 
degradation processes. This way pretreated waters are 
emitted to surface waters, where they undergo depo-
sition in sediments or are assimilated by living organ-
isms and accumulated in their tissues (Olkowska et 
al. 2015). Scientists have voiced opinions according to 
which the very process of surfactant degradation can 
result in the formation of new, even more toxic com-
pounds (Olkowska et al. 2017). The widespread access 
to SAAs and the progressive anthropogenic pressures 
on aquatic geoecosystems pose a real risk of direct pol-
lution of surface and ground waters with surfactants. 
The presence of surfactants in the aquatic environment 
is important in that the natural properties of these 
substances allow them to penetrate to atmospheric air 
(Olkowska et al. 2011). Along the moving air masses 
SAAs may be transported over long distances, and to-
gether with dry or wet deposition, they enter waters 
and soils, where they are taken up by living organisms 
(Fries and Puttmann 2004). The presence of surfactants 
in water may not only have an unfavourable effect on 
the living functions of aquatic organisms but also on 
those of humans. SAAs are toxic to living organisms. 
They have been proved to exert adverse effects, such as 
endocrine disorders, skin irritation, and can also trig-
ger allergies (Olkowska et al. 2011). They also facilitate 
the dissolution of many toxins dangerous to aquatic or-
ganisms, including pesticides. In lake ecosystems, the 

presence of surfactants may markedly accelerate the 
process of water eutrophication by restricting oxygen 
diffusion to the deeper parts of the water body as a re-
sult of surfactant adsorption on the water surface. The 
presence of surfactants is an indicator of the progressive 
degradation of surface waters (Olkowska et al. 2013a). 
Their presence at higher concentrations can easily be 
identified when foam is observed to forms on the sur-
face during the mixing of water. Detection of individual 
SAAs in water is now, however, relatively simple and 
requires appropriate sample preparation, as extensively 
discussed by Olkowska et al. (e.g. 2011, 2013a).

Surfactant molecules have a specific chemical struc-
ture. Each surfactant is characterised by the presence of 
two parts: the lyophilic moiety and the lyophobic moi-
ety. In cases of water-soluble SAAs, the former is of a 
polar/hydrophilic nature and is comprised of an acidic 
radical or basic residue, while the latter is non-polar/
hydrophobic and is comprised of simple, branched or 
aromatic hydrocarbons (Olkowska et al. 2010). In terms 
of chemical structure, surfactants may be divided into 
ionic and non-ionic ones. Ionic SAAs fall into anionic, 
cationic and amphoteric SAAs. The chemical structure 
of surfactants alone determines their impact on indi-
vidual elements of the abiotic and biotic environment 
(Olkowska et al. 2010).

Studies investigating the presence of surfactants in 
the aquatic environment are mainly limited to those by 
Olkowska et al. (2010, 2011, 2017). These are mainly 
methodological studies and only to a small extent re-
veal the impact of surfactants on the functioning of 
aquatic geoecosystems. A number of studies have in-
vestigated SAA toxicity in living organisms, including 
aquatic organisms, such as the algae or the Daphnia 
species (Olkowska et al. 2013a, b, c). SAA concentra-
tions in surface waters are usually in the range from 0.0 
to more than 2 mg dm–3 (Table 1). The allowable non-
chargeable quantity of surfactants in water released by 
the water treatment plant in Gdańsk, Poland, into sur-
face waters is several times higher than the SAA con-
centrations noted in surface waters (Table 1).

The available literature data on SAA concentrations 
in surface waters are very limited. They usually con-
cern only several substances (e.g. DDT or herbicides) 
or provide detailed information on SAA accumulation 
in aquatic organisms. According to some authors (Mu-
ramoto et al.1996; Ivanković and Hrenović 2010; Ghose 

Table 1. Surfactant concentrations in surface waters (Olkowska 
2011) and the SAA contamination levels allowed by Saur Neptun 
Gdańsk in waste water (SNG 2017). Values are given in mg dm–3

C-SURF A-SURF N-SURF References
0.0 to 0.4 0.0 to 0.2 0.0 to >2.0 Olkowska (2011)
No data 15.0 20.0 SNG (2017)
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et al. 2009), SAA concentration values acceptable in 
surface waters should not exceed 1 mg dm–3.

Given the considerable ability of SAAs to migrate, 
contamination with these compounds is observed in 
all the surface waters in Poland. It is present in all the 
geoecosystems, including those that are most valuable 
in terms of nature-related aspects and protected by law, 
with lobelia lakes being one such category.

Lobelia lakes
Lobelia lakes are water bodies in which certain char-

acteristic plant species called isoetids are found together 
or separately. These plants are: water lobelia, also called 
Dortmann’s cardinalflower (Lobelia dortmanna), lake 
quillwort, also called Merlin’s grass (Isoëtes lacustris), 
spiny quillwort, also called spiny-spored quillwort or 
spring quillwort (Isoëtes echinospora), and Littorella uni-
flora. The following are often typical of lobelia lakes but 
are also found in other water types: alternate-flowered 
water-milfoil (Myriophyllum alterniflorum), and, less 
frequently, floating water-plantain (Luronium natans), 
and narrow-leaved bur-reed (Sparganium angustifolium) 
(e.g. Wilk-Woźniak et al. 2012; Szmidt and Bociąg 2017). 
A total of 173 water bodies have been identified in Po-
land whose flora includes at least one species of isoetids 
(Szmidt and Bociąg 2017). Lobelia lakes are valuable and 
rare aquatic geoecosystems. All the species of isoetids 
are plants protected by law, and the lakes where they are 
found are often included in the Nature 2000 network.

Lobelia lakes are interesting examples of lakes char-
acterised by low trophic state and soft water with low 
calcium content. In addition to the presence of indica-
tor species, the characteristic features of these water 
bodies include high transparency of water, presence of 
a watershed in the vicinity, and often a beautiful and at-
tractive location. Although, generally, these lakes are 
found throughout Poland, the vast majority are located 
in Pomerania, where a total of 171 have been identified 
(accounting for 99% of their total number in Poland). 
The extraordinary and valuable geoecosystems of lobelia 
lakes, just like those of all the other lakes in Poland, are 
being subjected to increasing anthropogenic pressures. 
Disappearance of indicator species that form assemblag-
es in lobelia lakes and progressive eutrophication of these 

lakes is being observed. Due to their exceptional nature, 
the geoecosystems of these lakes  generate  increasing 
interest among researchers, who are concerned about 
the growing number of degraded lobelia lakes (Kraska 
1994a, b; Kraska et al. 2013). There are intensifying ef-
forts to determine  ways to save these unique elements of 
the Polish lake districts landscape. Numerous studies are 
being carried out to assess the level of risk to the aquatic 
environment based on analyses of the chemical com-
position of lobelia lake waters, although none of them 
have yet considered surfactants. We therefore set out to 
perform the first quantitative and qualitative identifica-
tion of surfactants in the waters of lobelia lakes and in 
their feeding streams. We evaluated three classes of sur-
factants: cationic, anionic and non-ionic, taking into ac-
count the structure of catchment uses, ways of using the 
lake shoreline and the water body, and  morphometric 
features of the lakes as elements having the greatest effect 
on SAA quantities in the water of natural water bodies.

Study area and methods

We selected 13 lobelia lakes along with the streams 
found within their catchments located closest to the 
Tricity (Gdańsk, Sopot, Gdynia) agglomeration. These 
were catchments of the following lakes: Karlikowskie 
(Karlikowo), Sitno, Głębokie, Techlinko (Techlinka), 
Otalżyno, Wysokie (Wycztok), Jelonek, Brzeżonko, 
Kamień, Borowo, Bieszkowickie, Zawiat, and Osowskie 
(Fig. 1 and Table 2). The catchments of these lakes are 
located within the Kashubian Lakeland and are situ-
ated in a moraine landscape. They belong to three river 
basins: Radunia (Karlikowskie, Sitno, Głebokie, Tech-
linko, Osowskie), Reda (Otalżyno, Jelonek, Wysokie, 
Brzeżonko, Kamień, Borowo), and Zagórska Struga 
(Bieszkowickie, Zawiat).

Due to the periodic nature of the river network of 
the lobelia lake catchments located on moraine plateaus 
(Markowski and Kwidzińska 2015) we decided to carry 
out water sampling for the purposes of measuring the 
concentrations of surfactants during the period of the 
highest catchment retention, when the river network of 
these areas is best developed (Bajkiewicz-Grabowska 
and Golus 2009). We therefore selected the period of 

Table 2. Geoecosystems and symbols used to identify watercourses 
Geoecosystem (Lake) Stream’s symbol Geoecosystem (Lake) Stream’s symbol

Karlikowskie – Brzeżonko Br1
Sitno Si1, Si2, Si3 Kamień Ka1, Ka2
Głębokie – Borowo –
Techlinko – Bieszkowickie –
Otalżyno Ot1, Ot2, Ot3, Ot4 Zawiat –
Wysokie Wy1, Wy2, Wy3, Wy4 Osowskie –
Jelonek –
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Fig. 1. Studied geoecosystems
Explanation: 1 – sampling points; 2 – streams, 3 – other water bodies; 4 – studied lakes; 5 – studied catchments; 6 – other catchments
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Fig. 2. The uses of the catchments of the selected lobelia lake geoecosystems 
Explanation: 1 – watersheds; 2 – streams; 3 – lobelia lakes included in the study;  4 – the other water bodies; 5 – forests; 6 – a forest with summer houses; 
7 – green areas (meadows, pastures, fallow lands); 8 – agricultural areas; 9 – built-up areas
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early spring 2010, when a maximum catchment re-
tention was noted and the highest density of the river 
network was observed in the catchments of the lobelia 
lakes being studied.

The water balance type of the lobelia lakes was de-
termined on the basis of several years of observation 
and hydrological measurements (2008–2010) of the 
lakes and the inflowing and outflowing streams. Based 
on monthly hydrographic mapping of the catchments 
we determined the lengths of the periods of active in-
flow and outflow for these lakes. Based on the above 
we found that one lake (Wysokie) was a flow-through 
water body and five lakes (Sitno, Techlinko, Otalżyno, 
Brzeżonko, and Kamień) were lotic water bodies. The 
remaining seven were endorheic water bodies.

Based on the most recent orthophotomap we identi-
fied the most favourable catchment conditions, in terms 
of the structure of direct catchment uses, to be pre-
sent in the catchments of the following lakes: Borowo, 
Zawiat, and Bieszkowickie. The feeding area for these 
lakes is located within the Darżlubie Forest (Puszcza 
Darżlubska) and forests account for more than 80% in 
the structure of use for these catchments (Fig. 2). The 
catchments of the following lakes are characterised 
by particularly unfavourable conditions of use: Kar-
likowskie, Sitno, and Lake Osowskie. These catchments 
are characterised by a high percentage of agricultural 
areas (Fig. 2) with a considerable percentage of built-up 
areas (Markowski and Kwidzińska 2015). 

Laboratory analyses were carried at the Laboratory 
of the Faculty of Chemistry, Gdansk University of Tech-
nology, and included the sum of ionic (anionic and cati-
onic) and non-ionic surfactants. Appropriate methods of 
measurement are an essential tool when examining SAAs 
in environmental samples. The greatest challenges to the 
chemist are posed by the complex composition of the 
samples, the low levels of individual analytes and the am-
phophilic properties of the analytes. In order to eliminate 
these difficulties we used appropriate extraction tech-
niques at the sample preparation stage, followed by SAA 
identification and quantitation. The samples were pre-
pared for analysis using the SPE or ASE/UAE-SPE tech-
niques and the analytes were identified and quantitated 
using ion chromatography (with CD or UV detection) 
or two-dimensional gas chromatography combined with 
mass spectrometry (GCxGC/MS). We compared the ef-
fectiveness of analyte isolation from the environmental 
samples during the preparation of appropriate solvent 
extracts using the above techniques. We determined the 
basic validation parameters for these analytical proce-
dures. The methods used for the evaluation of surfactant 
concentrations in water and the issues surrounding their 
determination are extensively discussed in the literature 
and are not within the scope of this paper.

Results 

The laboratory analysis of the water samples collected 
from the lakes and streams revealed marked variation in 
the concentrations of individual SAAs. Most of the lobe-
lia lake geoecosystems were found to be environments 
where SAAs were present in low concentrations (Fig. 3 
and Table 3). The total concentration of surfactants in 
the water from the investigated geoecosystems ranged 
from 0.24 to 2.68 mg dm–3. The mean total SAA concen-
tration was 0.75 mg dm–3. The average concentrations of 
SAAs in the samples ranged from 0.42 to 0.72 mg dm–3. 
The lowest SAA concentrations were observed in stream 
Si3 and Lakes Techlinko and Osowskie, namely less than 
0.32 mg dm–3. The highest sums of all surfactant classes 
were found in tributary Ot2 of Lake Otalżyno (2.86 mg 
dm–3) and in stream Wy4 (2.36 mg dm–3) within the 
Lake Wysokie system. This lake also revealed high con-
centrations at 2.30 mg dm–3, which exceeds the norms 
for surface waters. Seventy-five percent of lobelia lake 
geoecosystems in the Tricity area had SAA concentra-
tions below the arithmetic mean, which indicates a wide 
range of SAA concentrations, although the values are 
generally low. A similar distribution was observed for 
the concentrations of the individual surfactant classes 
(cationic, anionic and non-ionic SAAs).

Concentrations of cationic SAAs (C-SURF) in the 
water from the selected lobelia lake geoecosystems 
ranged from 0.06 mg dm–3 in Lake Borowo to 0.51 mg 
dm–3 in Lake Kamień. They were therefore within or 
slightly exceeded the C-SURF concentration ranges 
noted in surface waters (Table 1). C-SURF concentra-

Fig. 3. Minimum, maximum and interquartile range of total, cati-
onic (C-SURF), anionic (A-SURF) and non-ionic (N-SURF) SAA 
concentrations in the water samples collected during the study
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tions in 50% of the water samples were below the arith-
metic mean of 0.21  mg dm–3. The highest concentra-
tions of cationic SAAs exceeded 0.2 mg dm–3 and were 
observed in Lake Wysokie tributaries. In addition to 

Lake Borowo, low levels of C-SURF were also identified 
in Lake Zawiat and Lake Otalżyno.

The smallest variations in SAA concentrations were 
observed in the case of anionic surfactants (A-SURF). 
A-SURF were present in all the samples and their con-
centrations ranged from 0.05 mg dm–3 in Lake Zawiat 
to 0.28  mg dm–3 in Ka1. The mean concentration of 
anionic SAAs in the water was 0.16 mg dm–3. A-SURF 
concentrations were within or slightly exceeded the 
range observed for surface waters (Table 1). Low con-
centrations of A-SURF were also measured in Lakes 
Sitno (0.06 mg dm–3) and Borowo (0.10 mg dm–3). High 
concentrations of A-SURF (above 0.20 mg dm–3) were 
measured in Lakes Brzeżonko, Jelonek and Osowskie, 
and in the tributaries of Lake Kamień. In 50% of the 
water samples, the concentrations of A-SURF ranged 
from 0.13 to 0.17 mg dm–3.

The greatest variations in SAA concentrations in the 
water of lobelia lake geoecosystems in the Tricity area 
were observed in the case of non-ionic SAAs. No N-
SURF were identified in as many as 10 samples, while 
in two samples (Lakes Otalżyno and Sitno), the concen-
trations of N-SURF were below the level of detection 
(<0.1 mg dm–3). The mean N-SURF concentration of 
the investigated geoecosystems was 0.39 mg dm–3. The 
highest N-SURF concentrations exceeded 2 mg dm–3 

and were measured in Lake Wysokie (2.30 mg dm–3), 
in the Wy4 (2.36 mg dm–3) and Ot2 (2.68 mg  dm–3) 
streams. In 75% of the samples, N-SURF concentra-
tions did not exceed the mean N-SURF value. The N-
SURF concentrations of the investigated geoecosystems 
were typical for surface waters (Table 1).

The concentrations of cationic surfactants (C-SURF) 
assumed a distribution similar to the left-skewed asym-
metric distribution (Fig. 4), which indicates generally 
low C-SURF concentrations in the water samples. The 
distribution of individual concentrations of A-SURF 

Table 3. Concentration of surfactants in water samples. Values are 
given in mg dm–3

Sample
Surface active agents

Cationic Anionic Non-ionic Total
Karlikowskie 0.12 0.14 0.39 0.65
Sitno 0.28 0.06 0.10 0.44
Si1 0.12 0.13 0.28 0.53
Si2 0.28 0.13 0.00 0.41
Si3 0.13 0.11 0.00 0.24
Głębokie 0.29 0.14 0.00 0.43
Techlinko 0.13 0.13 0.00 0.26
Otalżyno 0.12 0.11 0.10 0.33
Ot1 0.13 0.18 0.11 0.42
Ot2 0.12 0.13 2.43 2.68
Ot3 0.09 0.17 0.00 0.26
Ot4 0.13 0.11 0.56 0.80
Jelonek 0.24 0.20 0.00 0.44
Wysokie 0.08 0.18 2.04 2.30
Wy1 0.46 0.22 0.00 0.68
Wy2 0.29 0.15 0.36 0.80
Wy3 0.32 0.16 0.10 0.58
Wy4 0.22 0.16 1.98 2.36
Brzeżonko 0.30 0.21 0.18 0.69
Br1 0.21 0.28 0.00 0.49
Kamień 0.51 0.13 0.57 1.21
Ka1 0.13 0.28 0.00 0.41
Ka2 0.32 0.25 0.39 0.96
Borowo 0.06 0.10 0.45 0.61
Bieszkowickie 0.25 0.13 0.27 0.65
Zawiat 0.11 0.05 0.30 0.46
Osowskie 0.12 0.20 0.00 0.32
Minimum 0.06 0.05 0.00 0.24
Mean 0.21 0.16 0.39 0.76
Maximum 0.51 0.28 2.43 2.68

Fig. 4. Frequency distribution of surfactant concentrations in water samples within cationic (C-SURF), anionic (A-SURF) and non-ionic 
(N-SURF) classes of surfactants
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was that of a right-skewed distribution (Fig. 4) with the 
highest number of medium and high concentration val-
ues. The concentrations of non-ionic surfactants in the 
samples assumed a bimodal asymmetric distribution 
with features of a right-skewed distribution (Fig. 4), in-
dicating a heterogenous population of the lobelia lake 
geoecosystems in terms of N-SURF presence in their 
waters. Low concentrations of N-SURF or absence of 
N-SURF were most commonly observed in samples. 
On the other hand, in those geoecosystems whose wa-
ters revealed the presence of N-SURF, the N-SURF con-
centrations were generally high.

The distribution of the individual SAA classes in 
the waters of the Tricity lobelia lake geoecosystems re-
vealed a large variation of these elements of the natural 
environment in terms of the observed SAA concentra-
tions. Most of the geoecosystems were characterised 
by the presence of SAAs in the water in concentrations 
that did not exceed 0.4 mg dm–3 (Fig. 5). The smallest 
fluctuations of concentration were noted for A-SURF. 
The fluctuations of C-SURF concentrations were also 
small. The greatest variation was noted for the concen-
trations of N-SURF, whose presence caused some of the 
geoecosystems to fall outside the scale adopted for SAA 
concentrations.

The contribution of the individual classes of SAAs 
in the water of lobelia lake geoecosystems in the Tricity 

area shows that these systems may be divided into the 
following four groups:
1.	 Geoecosystems where A-SURF > C-SURF, and N-

SURF = 0. This group includes the geoecosystems of 
Lake Osowskie, Lake Jelonek, and streams Ka1, Ot3 
and Br1.

2.	 Geoecosystems where C-SURF > A-SURF, and N-
SURF = 0. This group includes the geoecosystems of 
Lake Głębokie, Lake Techlinko, and streams Si2, Si3 
and Wy1.

3.	 Geoecosystems where N-SURF < A-SURF + C-
SURF. This group includes the geoecosystems of 
the following lakes: Sitno, Otalżyno, Brzeżonko, 
Kamień, and Bieszkowickie, and of the following 
streams: Si1, Ot1, Wy2, Wy3 and Ka2. 

4.	 Geoecosystems where N-SURF > C-SURF + A-
SURF. This group includes the geoecosystems of the 
following lakes: Karlikowskie, Borowo and Zawiat, 
and the following streams: Ot2, Ot4 and Wy4.

Discussion

Lobelia lakes are water bodies frequently regarded 
as objects characterised by their high purity of water, 
for which reason they are often used  for leisure pur-
poses. The spatial variation in concentrations of indi-
vidual SAA classes in the waters of the selected lobelia 

Fig. 5. Distribution of concentrations for the individual surfactant classes at the measurement points
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Fig. 6. Spatial variation in surfactant concentrations in studied lobelia lake geoecosystems within the Tricity area
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lake geoecosystems in the Tricity area suggests (Fig. 6) 
that the direct use of the catchments and the very water 
bodies are likely to be the most important factor affect-
ing the pollution of their waters with SAAs. The use of 
these geoecosystems varies greatly, and this is reflected 
in SAA concentrations and the predominance of spe-
cific SAA classes. The clean and forest lakes Borowo, 
Zawiat and Bieszkowickie are water bodies whose wa-
ters should be least contaminated with SAAs. This, how-
ever, is not the case. The close proximity of the Tricity 
agglomeration is to blame here. These water bodies are 
used as leisure locations by the inhabitants of the entire 
Tricity. The extremely transparent water of Lake Zawiat 
coupled with the vast sandy littoral zone have made this 
lake a place extensively used for leisure purposes. In the 
summer the lake serves as a swimming complex, which 
along with the catering facilities in its direct vicinity 
may serve as a major source of surfactants. 

Lake geoecosystems in the areas surrounding the 
village of Kamień are also used for leisure purposes 
(Fig. 6B). Allotments with summer houses are situated 
in the direct vicinity of the following lakes: Wysokie, 
Jelonek, Brzeżonko, and Kamień. Based on our field 
studies it may be concluded that the summer houses 
are also used outside the summer season, which con-
siderably increases the level of anthropogenic pressures 
on these water bodies. This is evidenced by the rela-
tively high concentrations of C-SURF, which are used 
in soaps, washing agents and foaming agents. The pre-
dominance of C-SURF has also been observed in the 
case of Lake Kamień and its tributaries, and the geo-
ecosystem of Lake Wysokie – all extensively used by 
tourists. Lake Wysokie hosts a swimming complex with 
adjacent small catering and leisure infrastructure typi-
cal of large beaches. The unfavourable depth conditions 
of Lake Kamień facilitate cyanobacteria blooms, which 
were observed during our field studies (2007–2010).

The geoecosystem of Lake Otalżyno is an interest-
ing example (Fig. 6B). Despite the poor quality of the 
streams feeding this lake in terms of the concentrations 
of various SAA classes, the lake waters are characterised 
by a low SAA concentration. This is most likely due to 
the shallow depth of this lake, the wide stretch of the 
plants above and below the water, and the high thick-
ness of the lake bed sediments which can easily take up 
SAAs from water coming from the inflowing streams 
(Bajkiewicz-Grabowska et al. 2016). The geoecosystem 
of Lake Osowskie is another exceptional ecosystem. Al-
though the lake lies within the city limits (in the resi-
dential area of Gdańsk-Osowa), the SAA concentra-
tions measured in the water are among the lowest in 
the investigated geoecosystems. This may be due to the 
fact that this lake has few places suitable for swimming. 
Another factor may be that the built-up area located 

within the catchment of Lake Osowskie has been con-
nected to the sewage system.

Lobelia lakes are subjected to  strong anthropogenic 
pressures. This is particularly important due to the fact 
that SAAs reach the lake geoecosystems mainly as a 
result of human activity. The presence and quantity of 
surfactants in the waters of lobelia lake geoecosystems 
is not determined by the way in which the terrain is 
used but by the intensity of their use as leisure objects. 
Using lobelia lakes as local swimming complexes seems 
particularly unfavourable. The situation is made worse 
by the presence of summer houses, which not only in-
crease the number of people who go for a swim or use 
the lakes for leisure purposes but are also a source of 
untreated waste water from houses not connected to 
the sewage system. The existence of multiple potential 
sources of contamination of lobelia lake waters with 
SAAs is evidenced by the fact that a predominance of 
different surfactant classes is observed in individual 
geoecosystems. Of particular concern are the high con-
centrations of non-ionic SAAs in some water bodies, 
which sometimes reach values noted in untreated waste 
water (the Lake Kamień geoecosystem).

The increased pressure on lobelia lake geoecosys-
tems has resulted in a deterioration of water quality. 
Most importantly, however, from the naturalist’s point 
of view, is the disappearance of the rare vascular plants 
typical of these lakes. As one can see, this is influenced 
not only by what happens within the catchment, chang-
es of  water circulation conditions or the supply of bio-
genic substances, but also by the presence of substances 
present in the environment as a direct result of human 
activity, such as SAAs.

Conclusion

Analysis of SAA concentrations in the water of lobe-
lia lake geoecosystems in the Tricity area indicates that 
they are subjected to human anthropogenic pressures. 
High concentrations (above 2  mg dm–3) of non-ionic 
SAA or cationic SAA are present in some lakes. The 
authors assume that the greatest influence on the pres-
ence of SAA in lobelia lakes is the direct use of these 
reservoirs by people for swimming, diving and fishing. 
Additionally, the presence of summer housing in the vi-
cinity of the lakes is important.
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