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Seasonal and areal accumulation of heavy metals 
by algae and cyanobacteria in Javorinka mountain 
stream

Abstract. In this study we have compared con-
centrations of accumulated elements in algae and 
cyanobacteria from different localities over several 
years and throughout the seasons. We collected 
chrysophyceae Hydrurus foetidus and cyanobac-
teria Oscillatoria sp. in Javorinka mountain stream 
over three years (2019 - 2021). A comparison of 
the concentrations collected from two localities 
showed that Ba, Fe, Mn and Ti are being accu-
mulated at almost double the rate at the site with 
lower stream velocity. Depending on the year, we 
have observed a significant increase in Ca concen-
trations. We also examined the trend of intense up-
take of these elements by algae and cyanobacteria 
during the summer season, due to the growth of re-
productive organs during this season. Analysis was 
performed using the Kruskal-Wallis test (p < 0.05). 
It has been confirmed that algae and cyanobacteria 
can be used as bioindicators of spatial and seasonal 
pollution and element concentration variations.
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Introduction

The biological value of algae has been known since 
the mid-19th century. Its greatest importance is as 
a bio-indicator. Russian scientists have studied 
the saprobity of algae; the physiological and bio-
chemical characteristics which allow it to live in 
an environment that contains organic matter, with 
a certain degree of pollution. Their study was fo-
cused on organic pollution in stream and river 
environments. This system was altered, modified, 
and expanded over the years by several authors. 
Because saprobity is defined by the intensity 
of heterotrophic activity, all photoautotrophic spe-
cies were finally excluded from the saprobic sys-
tem when the inorganic nutrient load in rivers be-
came increasingly problematic. During the process 
of studying saprobity in running water, the trophic 
classification system was developed for lakes. It is 

based on inorganic nutrients which are gained from 
catchments. In both cases, there is a belief that 
the presence, absence, or abundance of certain 
species can reflect the current biochemical, physi-
cal, and general state of the environment in which 
these organisms were located. Such organisms 
are referred to as bio-indicators. Their specificity 
is the low ecological valence for living conditions 
and their specific stress symptoms, which respond 
to changes in the environment. Thanks to these 
manifestations of an organism, indicators are not 
only their presence, absence, but also biomass or 
growth of algae. Such species are a very reliable 
indicator of natural pollution. The indicator species 
then becomes a ‘bio-sensor’. During its lifespan, or-
ganic and inorganic elements from the environment 
accumulate, and reflect the level of substances in 
the environment and exposure to organisms. Such 
species are labelled as ‘bio-accumulators’ which 
can be particularly useful when concentrating very 
low levels of a substance (Dokulil 2003).

Freshwater algae provide two main types of in-
formation about water quality:
- Long-term information; the status quo. In the case 

of a temperate lake, for example, detection of 
an intense summer bloom of the colonial blue-
green algae Microcystis is indicative of a pre-
existing high-nutrient (eutrophic) status.

- Short-term information; environmental change. In 
another lake environment, detection of a change 
in subsequent years from low to high blue-green 
dominance (with increased algal biomass) may 
indicate a change in eutrophic status. This may 
be an adverse transition (possibly caused by hu-
man activity) that requires changes in manage-
ment practice and lake restoration.

In the context of change, bioindicators can thus 
serve as early-warning markers of the health status 
of an aquatic system (Bellinger and Sigee 2015).

Lethal concentration of zinc in algae have been 
determined to be 30 µg/L. Productivity of several 
studied algae (green algae (Ankistrodesmus and 
Scenedesmus), one diatom (Navicula), and natural 
phytoplankton) at this concentration was reduced 
by 59, 55, 49, and 52 per cent respectively. At 17 
µg/L there was a 37 % reduction in primary produc-
tion, and 3 µg/L of zinc, there was an 80 % reduc-
tion in nitrogen fixation. Zinc is often found in labile 
or in free ionic form even though Cu, Cd and Pb 
are in strongly bound compounds. More than 80 % 
of zinc in water is in free (labile) form (Wong and 
Chau 1990). Based on the algae species, toxic levels 
of chromium can range between 20 µg/L to 10,000 
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ties, especially the Cladophora species; one of 
the best bio-indicators in water environments for 
nutrient and heavy metal pollution. They gener-
ate the majority of algal biomass in some water 
bodies (Chmielewská and Medveď 2001). Using 
Cladophora completely removed arsenic from 
drinking water (Salama et al. 2019).

Using the cyanobacteria Gloeothece sp., we ob-
served its high susceptibility to Cu2+. Metal concen-
trations of 1.0 mg Cu2+.l-1 led to cell death. Whereas 
when using Pb2+, similar effects were achieved us-
ing a concentration of 40 or 50 mg.l-1. A bi-metal 
system, where cyanobacteria were exposed to both 
Cu2+ and Pb2+, caused decrease in removal of each 
metal. Cu2+ removal decreased by 47.2 % and Pb2+ 
removal decreased by 13.8 % (Pereira et al. 2011). In 
cyanobacteria, copper is a micronutrient, function-
ing as a cofactor and required for structural and cat-
alytic properties of enzymes. It is also a cofactor of 
the electron transport protein plastocyanin and other 
proteins associated with thylakoids, which imposes 
an extra complexity to copper homeostasis in these 
organisms compared with non-photosynthetic pro-
karyotes. However, exposure to excessive amounts 
of copper ions, may lead to cell destruction, similarly 
to all photosynthetic organisms (Pereira et al. 2011).

Accumulation of metals is due to adsorption 
onto the cell surface (wall, membrane, or external 
polysaccharides) and binding to cytoplasmic li-
gands, phytochelatins and metallothioneins, as well 
as other intracellular molecules. Through electron 
microscopy and X-ray energy dispersive analysis, 
studies have been carried out on the localization of 
heavy metal ions. On the algal cell wall there are 
many functional groups, such as, hydroxyl (OH), 
phosphoryl (PO

3
O

2
), amino (NH

2
), carboxyl (COOH), 

sulphydryl (SH), etc., which confer a negative 
charge to the cell surface. Metal ions are absorbed, 
because generally they exist in water in cationic 
form (Mehta and Gaur 2001).

The distribution of functional groups varies 
among algae, therefore, biosorption is different. Met-
al sorption depends on these groups and if they are 
present in a given cell. Their presence is dependent 
on cell wall components, (e.g., peptidoglycan, tei-
chouronic acid, teichoic acids, polysaccharides, and 
proteins). Conversely, cyanobacteria are dependent 
on typical carboxylic groups which exist on peptido-
glycan, consisting of linear chains of N-acetylglucos-
amine and β 1, 4-N-acetylmuramic acid with peptide 
chains. Lipopolysaccharides, lipids, and membrane 
proteins are also important for sorption. Some stud-
ies prove that the carboxyl groups are the primary 
location for metal binding in cyanobacteria (blue-
green algae). Most of the species of this group has a 
capsule, which tends to have an anionic nature, thus 
giving them a very high affinity towards metal ions. 
This could result in significant removal of heavy met-
als in waste waters (Mehta and Gaur 2001).

In green algae contain significant carboxyl and 
sulphate groups. The percentage of protein content 
in cell walls on which these group are attached 
varies from 10 - 70 %. As previously mentioned, in 
brown algae the main mean of metal biosorption 
are alginate groups. Alginate is commonly found in 
cell wall membranes, where through the sorption is 
metal binding site (Mehta and Gaur 2001).

µg/L. It should be considered that these results are 
also a function of several additional conditions such 
as pH, temperature and salinity. The most common 
symptoms of toxicity were inhibition of growth and 
photosynthesis inhibition. Toxic concentrations for 
Cladophora glomerata were 250 µg/L, Thalassiosira 
pseudonana < 20 µg/L, and Skeletonema costa-
tum at 980 µg/L (Nriagu and Nieboer 1988). When 
the chromium concentration changed it caused a 
shift in community dominance. When algae was 
exposed to wastewater with a level of chromium 
between 1 - 40 mg/L only Oscillatoria sp. were 
present (Nriagu and Nieboer 1988).

The metal sorption ability of algae varies greatly 
from species to species and even among strains of a 
single species for any given metal. Each type of heavy 
metal also uniquely impacts the sorption abilities of 
different species of algae (Mehta and Gaur 2001). 

By studying different species (Codium vermi-
lara, Spirogyra insignis, Asparagpsis armata, Chon-
drus crispus, Ascophyllum nodosum and Fucus 
spiralis) from three main algae groups; green algae 
(Chlorophyta), red algae (Rhodophyta), and brown 
algae (Chromophyta), we developed a sequence of 
metal uptake decrease, as follows: Pb > Cu ≥ Cd > Ni > 
Zn. This sequence has held true for all studied species. 
Corroborating to this claim, we hypothesize that the 
binding of metal to active sites of the cell wall is related 
to their inner metal properties, such as ionic radii and 
electronegativity of atoms (Romera et al. 2006).

On the other hand, brown algae achieved sig-
nificantly better results with higher uptake capac-
ity. At worst, brown algae reacted two times better 
than other species, as likely due to alginate groups, 
brown algae anchors the metal to its biomass. The 
sequence obtained as a function of the type of al-
gae was: brown > red > green. In conclusion, be-
sides the type of algae, or the physical and chemi-
cal properties of the environment, metal uptake is 
largely dependent on the type of metal to which the 
algae is exposed (Romera et al. 2006).

The cell wall of green algae likely contains two 
adjacent carboxylic groups to share the bond with 
one metal cation. Therefore, it shows lower levels 
of metal recovery. The reason why some biomass-
es show high affinity for a given metal and low 
sorption capacity, or vice versa, may be related to 
the degree of affinity of a specific biomass for each 
metal (Romera et al. 2006).

Many individuals of the chlorella species have 
excellent sorption capacity, in some cases up to 
714 mg·g-1 when exposed to Cu2+. Generally, its ca-
pacity is around 100 mg·g-1 (Zeraatkar et al. 2016). 
In a study of chlorella vulgaris that contained con-
centrations of 2.5 ppm, samples were able to re-
move between 69 % and 80 % of Ni (II) and Cu (II) 
cations. When the concentration was increased to 
10 ppm, the metal removal rate was reduced to 
37 % and 42 % (Mehta and Gaur 2001). Sargassum 
sp., as saltwater algae, has a maximum sorption of 
72,5 mg·g-1. Sargassum sp. absorb more heavy metal 
elements and their compounds. This is due to a high 
alginate content, along with other brown algae. For 
example, the alginate content of Sargassum fluitans 
is 45 % of its dry weight (Mehta and Gaur 2001).

In general, Chlorophyta, commonly known as 
green algae, has significant accumulating abili-
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Participation of carboxyl groups in adsorption 
of heavy meatal such as Cu, Cd and Pb has been 
demonstrated on cyanobacterial cell walls, as well 
as in green and brown algae (Macrocystis pyrifera, 
Kjellmaniella crassiforia and Undaria pinnatifida). 
A study of carboxyl groups presented great suc-
cess in binding Au and bivalent metal ions. Re-
search has even shown binding of Cd and Pb ions, 
to small binding on sulphate groups. Good sorp-
tion of heavy metals by carboxyl groups has been 
very well demonstrated, even by fungi and higher 
plants (Mehta and Gaur 2001).

Other groups exhibit a lesser extent of binding 
compared to carboxyl group. Non-living sargassum 
has demonstrated binding of Co on carbonyl groups. 
The amino group plays an important role in the bind-
ing of Au in chlorella (Mehta and Gaur 2001).

The above discussion leads to the generalization 
that carboxyl groups of cell wall polysacharides play 
a predominant role in heavy metal sorption by al-
gae and cyanobacteria. The other functional groups, 
such as sulfonate and amino, play a relatively minor 
role in metal sorption (Mehta and Gaur 2001).

Binding mechanisms. The process of biosorp-
tion includes a number of mechanisms, like ion ex-
change, complexation, electrostatic attraction and 
microprecipitation. The most significant of these has 
been proved to be ion exchange. It was observed in 
Spirulina platensis, that during the binding of Cu2+, 
Pb2+, Zn2+, Ni2+ and Cr3+ protons were liberated from 
biomass, which leads us to the conclusion of ion ex-
change. We also observed the release of Cu2+ and Ca2+ 
by algal biomass while binding Zn2+ and Ni2+ ions. All 
these studies suggest that the exchange of metal ions 
with surface bound protons or cations play a signifi-
cant role. in heavy metal sorption, though this varies 
among algal species. We reported the maximum ion 
exchange capacity (in term of Na+/H+ exchange) of 
five algal species ranging from 41 – 825 µeq g−1 dry 
weight (Mehta and Gaur 2001). Large variability in ion 
exchange may be due to cell composition, meaning 
unicellular algae has a higher surface/volume ratio 
than filamentous forms, and therefore a higher ion 
exchange capacity. This capacity can be increased 
by increasing the pH level. However, this mechanism 
is not the only one and it can be combined with oth-
ers.  In a study of Sargassum vulgaris it was reported 
that Cd binding involved chelation, while he binding 
of Pb consisted of ion exchange and chelation. In the 
adsorption of Ni and Zn on Chaetophora elegans it 
was observed that electrostatic attraction and cova-
lent binding played a role. In view of the complex-
ity of the composition of algal surfaces, it is possible 
that various mechanisms operate simultaneously to 
varying degrees depending on algal species and envi-
ronmental conditions (Mehta and Gaur 2001). If they 
are not attached to cell wall, metal ions may get in-
side the cell and bind to intracellular components or 
precipitate. In algae cells metals can be detoxified. 
Their activity is impacted by biological macromol-
ecules and enzymes that are being accumulated in 
polyphosphate bodies and in intracellular metal bind-
ing proteins. In Ankistrodesmus falcatus, Sn has been 
part of about 85 % of cellular polysaccharide fraction, 
and 15 % in the protein fraction. In some eukaryotic 
algae, metal solutions were observed within the vacu-
oles (Mehta and Gaur 2001).

Factors of binding. Results may be affected by 
several factors, including concentration of metal 
and biomass, pH, temperature, contact time, pres-
ence of competing ions and the metabolic stage of 
the organism (Mehta and Gaur 2001).

Concentration of metal. Initial concentration of 
metal ions in the solution is a significant factor of 
biosorption ability. Biosorption initially increases as 
the initial concentration of metal ion increases up 
to the optional concentration. It was reported, that 
in dry biomass of Scenedesmus obliqus, a 5-fold in-
crease in initial concentrations of Zn2+ (from 10 to 50 
ppm) boosted the metal ion sorption from 19 to 209.6 
mg Zn2+ /g. Based on that, the biosorption capacity 
is increased, but the removal yields of the metal 
ion are reduced. Therefore, the higher the metal ion 
concentration, the lower the efficiency and removal 
yield would be. In another study, Chlorella vulgaris 
in concentrations of 2.5 ppm were able to remove 
69 % and 80 % of Ni2+ and Cu2+ cations. When the 
concentration was increased up to 10 ppm, the 
metal removal rate was reduced to 37 % and 42 % 
(Zeraatkar et al. 2016). Getting to know proper 
concentration is a necessity for efficient growth of 
algae. Higher rates can inhibit growth or lead to 
cell and cell structure destruction. For some algae, 
heavy metals can be beneficial and enhance their 
growth, while to the others, heavy metal may be 
toxic at all concentrations. In Cladophora fracta, 
continual increase of lead and cadmium exposure 
resulted in total chlorophyll content loss, reduced 
number of chloroplasts, and disintegrated cell walls 
responsible for cell death and reduced cell growth. 
Algae have better sorption abilities at lower con-
centration, because the presence of any excessive 
toxicity in algal bodies is harmful and can lead to 
cell destruction (Zeraatkar et al. 2016).

pH level. The majority of studies show that bio-
sorption of metal ions is highly dependent on the 
pH of the solution. Functional groups on cell wall 
membranes do not have same features at every pH, 
and therefore it was important to deduce the op-
tional pH for heavy metal removal. The sorption of 
Cr6+ and Cd on Padina sp. and Sargassum sp. and 
Cs sorption on Padina australis was optimal at pH 2. 
In a study of Durvillaea potatorum, very little sorp-
tion of Cu was observed at a pH below 2, but this 
sorption increased with a rise in pH. They found 
maximum Cu sorption between pH 3 and 4, and a 
plateau was reached at around pH 5. There are nu-
merous studies showing increased metal sorption 
with increasing pH of the solution. It was suggest-
ed that the optimum pH for Cu and Cd sorption by 
Laminaria japonica and Sargassum kjellmanianum 
lies between 4 and 5, while the maximum Cr3+ 
sorption capacity of Sargassum sp. was observed 
at pH 4. The majority of metal binding groups on 
cell walls are acidic (e.g., carboxyl), and their avail-
ability is pH dependent. In acidic pH they generate 
a charged surface, and since the metal ions are at 
most charged positively, there is increase in their 
biosorption. However, at extremely acidic pH (< 2), 
metal sorption decreased. In general, for metal 
binding, an acidic pH is more efficient, although 
this pH level varies (1 - 7) (Mehta and Gaur 2001). It 
has been clearly shown that algae prefer acidic or 
slightly acidic environments. However, this prefer-



ence is also dependent on which metal is bonded. 
The optimum sorption pH of cadmium, nickel and 
zinc was 6. For copper, the value ranged between 4 
and 5, while optimal pH for the sorption of lead was 
between 3 and 5, based on the type of biomass. 
The pH value rose between brown algae, through 
red algae to green algae. Within higher pH values 
the metal uptake capacity did not show significant 
differences (Romera et al. 2006). 

Temperature. Temperature affects each algae 
species differently based on the type of metal to 
which they are exposed. It is known that metal 
sorption capacity is a function of temperature. 
There are several reasons why increasing tem-
perature causes an increase in metal ion bio-
sorption. Increased temperature results in an in-
creased number of active metal binding sites with 
an increased tendency. Additionally, reduction in 
mass transfer resistance in the diffusion layer is 
caused by a reduction of the thickness of the diffu-
sion boundary layer around the adsorbent groups. 
Along with temperature changes, a complex for-
mation constant that assists metal binding also 
changes. On the other hand, some studies con-
firmed higher rate with lower temperature, while 
others confirmed no significant effect of indicative 
temperature on biosorption ability. Similarly, sev-
eral studies have determined temperature-linked 
changes in metal ion uptake by living algal cells 
(Zeraatkar et al. 2016). These reported a slight in-
crease in cation sorption by powdered seaweed 
biomass with an increase in temperature from 4 
to 55°C. Similarly, was recorded increased Ni2+ 
biosorption by dried biomass of Chlorella vulgaris 
with an increase of temperature from 15 °C 
(48.1 mg/g) to 45 °C (60.2 mg/g). This suggests 
that heavy metal biosorption is most likely an en-
dothermic process, though it has also been sug-
gested that the effect of temperature on sorption is 
not as certain as that of pH (Mehta and Gaur 2001).

Time. Heavy metal ion biosorption is highly 
dependent on contact time. Biosorption occurs 
in two stages. First, for algal biomass, metal ions 
are passively adsorbed into cell membranes, and 
biosorption of metal ions occurs rapidly within 
the first minute. Second, for live algae, active bio-
sorption occurs as the algal cell slowly uptakes 
the HM ions (Salama et al. 2019). Biosorption of 
uranium by non-living Chlorella vulgaris achieved 
more than 90 % dissolved uranium adsorb during 
the first 5 min. In other studies, with biomass of 
Chlamydomunas reinhardtii, microalgae rapidly ad-

sorbed free ions biosorption and equilibrium was 
achieved in 60 min. All these examples show that 
biosorption of heavy metal ions is passive and oc-
curs relatively rapidly. Higher rates of accumula-
tion occurred with less contact time. In separate-
ly harvested Cladophora fracta, after 2, 4, 6, and 
8 days of Cd and Hg exposure it was found that 
while the algal growth rate decreased over time, a 
greater biosorption capacity was obtained in older 
cultures. These results suggest that while passive 
heavy metal biosorption commences swiftly in the 
first moments of contact, a greater level of heavy 
metal bio removal can be achieved with longer con-
tact times using living algae (Zeraatkar et al. 2016).

Our main objective in this work was to follow 
the annual cycles of some heavy metal pollutants 
and their abundance in aquatic ecosystems. Salt as 
well as freshwater algae have been used in the past 
for bioremediation of heavy metals and the results 
of these studies have been valuable. We sought to 
determine how the Javorinka stream changes over 
the course of the year and which elements fluctu-
ate over time. Secondly, we examined what types 
of algae live in the aquatic foothills, whether they 
increase or decrease in volume, and whether bio-
sorption capacity changes through the seasons.

Material and Methods

Sample collection

Samples are collected from attached algae in the 
mountain stream Javorinka. Two collection sec-
tions were chosen based on the findings of previ-
ous studies.

The first section is a segment of river situated 
between two villages, Tatranská Javorina and Pod-
spády (Fig. 1). It is about 3 km long. The altitude 
range is between 930 - 970 m a.s.l. The stream bed 
consists of large and small granitic boulders and oc-
casionally limestone. Water in this section is fast 
moving and rough, with many small, but deep la-
goons that serve as an excellent habitat for fish and 
other aquatic organisms. Due to its dynamic nature, 
algae coverage of the rocks is sparse and for the 
most part of the year only microscopic or foliose al-
gae grow. This section is marked as upper stream.

The second section is situated near the vil-
lage of Vojtasová (N 49.292550°, E 20.169038°). 
In this section, the stream is significantly milder 
and slower. Depth is consistent over the length of 
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Fig. 1. Profile of downstream section (Photo: J. Tuchyňa 2021). Fig. 2. Rough nature of upstream (Photo: J. Tuchyňa, 2021).



the river. Altitude here varies between 850 - 865 
m a.s.l. Algae growth occurs at a higher rate and 
tends to contain macroscopic algae. This section is 
marked as downstream (Fig. 2).

Sample preparation and laboratory analyses

Following sample collection, all invertebrates and 
large soil particles are removed. Afterwards they 
are left to dry naturally prior to further processing. 
In next step we crushed dried samples into fine 
dust using a cryo-mill (which mills each sample 
for 40 seconds). Following this, we measured ele-
ment concentrations using a ED-XRF spectrometer 
DELTA (Olympus,  Innov-x  Systems,  USA). In ap-
proximately 13 minutes results are available. For 
data analysis, Statistica 8 (StatSoft, USA) software 
was used. The comparison of individual elements 
conducted using the nonparametric Kruskal-Wallis 
test, because variances were highly variable be-
tween groups. Values with p < 0.05 were consid-
ered to be statistically significant. The potential syn-
ergic effect of elements was evaluated by principal 
component analysis (PCA), which is widely used in 
ecotoxicological studies. It is a variable reduction 
technique that maximizes the amount of variance 
accounted for in the observed variables by a smaller 
group of variables called components or factors. 

From all the elements we chose 3 model ele-
ments with which we will work more extensively 
– chromium, zinc, and lead (Cr, Zn, Pb).

During our work we also had to learn from sci-
entific literature, where we mainly focused on algae 
biology and their processes throughout their lifes-
pan. The algae species were identified with the pro-
fessional assistance of Mgr. Alica Hindáková, PhD.

Studied species

Hydrurus foetidus (Fig. 3) is a cold-water golden 
alga (Chrysophyceae) found in fast-flowing rivers 
mainly during periods of snowmelt. Hydrurus is a 
rheophile, preferring swiftly flowing water. It is also 
a psychrophile, dependent on low temperature. 
Hydrurus appears to be of specific importance for 
the early emerging aquatic larvae of chironomids. 
Hydrurus thrives well under seasonal climatic con-
ditions, where there is snow in the winter, cold 
meltwater, and moderate summer temperatures. Its 
early emergence during snowmelt makes it visually 
prominent (Klaveness 2019).

Diatoma ehrenbergii (Fig. 4) are a species of the 
class bacillariophyceae. It is almost always present 
in fibers of Hydrurus foetidus.

Valves are narrow and elongate becoming lan-
ceolate in smaller valves. Apices are broadly round-
ed sub-rostrate to capitate. Costae are mostly pri-
mary, and number 9 - 15 in 10 µm. Secondary and 
tertiary costae are commonly present. Frustules are 
attached to the substratum or joined in zig-zag col-
onies by mucilage (Kalina and Váňa 2010).

Oscillatoria sp. (Fig. 5). Cyanobacteria can eas-
ily handle sudden physical and chemical alterations 
of light, salinity, temperature, and nutrient compo-
sition. These organisms are very efficient for sew-
age water treatment, remediation of aquatic and 
terrestrial habitats, chemical industries, industrial 

Fig. 3. Hydrurus foetidus (Photo: J. Tuchyňa, 2021).

Fig. 4. Diatoma Ehrenbergii (Photo: J. Tuchyňa, 2021).

Fig. 5. Oscillatoria sp. (Photo: J. Tuchyňa, 2021).
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effluents, etc. In addition, organic solutions, nitrate 
and phosphate compounds, carbon dioxide or alka-
linity are important factors in determining the dis-
tribution of cyanobacteria (Dubey et al. 2011).

Five different cyanobacteria groups were stud-
ied (Oscillatoria sp., Synechococcus sp., Nodularia 
sp., Nostoc sp. and Cyanothece sp.). All of them 
were superior degraders and removers of pollut-
ants. They were monitored in 2, 4 and 7 day pe-
riods. During the 2nd day, the majority of samples 
(with the exception of one) were between 92 % and 
99.7 % effective at removing pollutants. At their 
fastest rate, these species could remove almost 
99 % of present pollutants while showing high re-
sistance against toxicity (Dubey et al. 2011).

Results 

In this study we conducted several tests to better 
understand the seasonality of accumulation in this 
stream. All our tests could register some changes 
in the aquatic environment; therefore, we can say 
that algae and cyanobacteria are suitable for eco-
toxicological studies.

There is a trend of higher concentrations at the 
downstream location compared to the upstream 
location. This was demonstrated by almost all ele-
ments which can be influenced by different dy-
namics of each part of the stream as well as other 
physical properties of the stream. Out of all the 
studied elements, four in particular were notable 
because of their significant variation between the 
two localities (Figs. 6 and 7). These significant ele-
ments were detected by the KW-H test with a p-
value of < 0,05. At the downstream location, mean 
values were almost double of those upstream. 
Those elements were Ti, Mn, Fe and Ba.

Changes year to year (Table 1, Fig. 8) be-
tween most of the elements where either insig-
nificant, or slight.

Regarding seasonal accumulation, most of the 
elements exhibited the highest concentrations in 
summer (Figs. 9 - 17). With the exception of Sr, 
Ca, and S, every other element showed a signifi-
cant increase in concentration during summer. In 
case of Fe (Fig. 11) the rise was almost double the 
spring values. On the other hand, standard devia-
tion was also relatively high, which could attribute 
this increase to flash floods and resulting transport 
of elements and their compounds. Granite bedrock 
is covered in Fe (OH)

2
 and due to flash floods, it is 

released and adsorbed by algae and cyanobacteria. 
During the summer season the level of water in 

Javorinka stream is generally low and the density 
is high. Elements are much more concentrated 
than in any other season.

Altogether we did three univariate statistics 
and one multivariable statistic (Table 2). We com-
pared how they reacted together throughout the 
study and if we could find any patterns or inter-
dependency. We chose 5 of 13 factors with a vari-
ance greater than 3 %. In the first pattern we can 
see mutual growth in S, K, Ti, Cr, Mn, Fe, Zn, Rb, 
Zr, Cd, Ba and Pb. Its variance is 51 % (the highest 
observed). The second factor is a function where 
the mutual decrease of S and K affects growth in Sr. 
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S 2019  8,636 ± 15,883.5 (10)

2020  3,931 ± 4,243 (25) 0.48  0.79

2021  3,182 ± 1,479 (24)

Cl 2019  750.77 ± 717.22 (9)

2020  494.8 ± 325.82 (15) 0.58 0.74

2021  403.27 ± 134.69 (16)

K 2019  13,271 ± 15,006 (10)

2020  12,366 ± 10,963 (25) 0.26 0.88

2021  11,263 ± 6,523 (24)

Ca 2019  17,845 ± 13,968 (10)

2020  34,660 ± 28,282 (25) 9.68 0.008

2021  54,636 ± 42,408 (24)

Ti 2019  1,034 ± 932 (9)

2020  1,654 ± 1,481 (24) 2.16 0.34

2021  1,823 ± 1,422 (24)

Cr 2019  153 ± 127.97 (10)

2020  108.6 ± 57.39 (25) 2.45 0.29

2021  157.59 ± 120.76 (24)

Mn 2019  394.9 ± 328.43 (10)

2020  317.96 ± 324.19 (25) 0.69 0.71

2021  304 ± 243.18 (24)

Fe 2019 10,034 ± 8,101 (10)

2020 16,084± 16,636 (25) 1.88 0.39

2021 17,792 ± 16,932 (24)

Cu 2019 18.5 ± 8.31 (6)

2020 20.38 ± 5.88 (9) 1.31 0.52

2021 24 ± 13.54 (9)

Zn 2019 63.6 ± 47.59 (10)

2020 71.76 ± 48.16 (25) 0.99 0.61

2021 69.45 ± 41.33 (24)

Rb 2019 20.61 ± 10.37 (10)

2020 32.228 ± 29.71 (25) 0.84 0.66

2021 28.42 ± 22.21 (24)

Sr 2019 88.35 ± 70.93 (10)

2020 105.572 ± 62.37 (25) 2.22 0.33

2021 121.58 ± 69.01 (24)

Zr 2019 89.36 ± 94.76 (9)

2020 116.26 ± 101.47 (24) 1.24 0.54

2021 118.60 ± 78.61 (24)

Ba 2019 1,218 ± 2,189 (10)

2020 363.33 ± 265.35 (24) 0.87 0.65

2021 391.83 ± 236.87 (24)

Pb 2019 17.2 ± 5.73 (10)

2020 20.77 ± 6.99 (25) 3.94 0.14

2021 23.75 ± 9.87 (24)

Table 1. Mean values concentrations (± SD) of the mea-
sured elements in algae from mountain stream Javorinka
during the individual years of the research. Mean con-
centration values are given in ppm.(KW-H - Kruskal-Wal-
lis test, significant differences are in bold p < 0.05).



In the third factor, decrease in S, K and Sr results 
in the growth of Zn level. In the fourth factor, Cr 
and Ba grow together. The last factor was mainly 
described by mutual growth of Pb and Cr with an 
antagonistic effect on Ba and Rb.

Other factors were not seasonally dependent. 
Factor 2 of a mutual decrease of S and K, while 
Sr values growth was not affected by seasonal-
ity (KW-H (3,54) = 0.5, p = 0.91). Factor 3, which 
described an accumulation of Zn while S, K and 
Sr decreased was not affected by seasonality 
(KW-H (3,54) = 6.18, p = 0.27). Factor 4 of mu-
tual accumulation Cr and Ba did not depend on 
seasonality (KW-H (3,54) = 3.89, p = 0.27). Factor 
5 of accumulation Pb and Cr while antagonisti-
cally decreasing Rb and Ba was not affected on 
seasonality (KW-H (3,54) = 0.82, p = 0.85). Only 

Factor 
1

Factor 
2

Factor 
3

Factor 
4

Factor 
5

S 0.245 0.800 0.458 0.076 -0.117

K -0.627 0.568 0.476 0.058 0.111

Ti -0.941 -0.074 0.007 0.162 -0.095

Cr -0.673 0.153 -0.123 -0.515 -0.308

Mn -0.808 0.222 -0.200 0.137 0.064

Fe -0.972 0.094 -0.070 0.044 0.039

Zn -0.718 0.219 -0.466 0.076 0.303

Rb -0.875 0.007 0.154 0.183 0.292

Sr -0.288 -0.574 0.643 -0.296 0.175

Zr -0.742 -0.428 0.251 0.299 -0.072

Ba -0.629 -0.139 -0.076 -0.367 0.291

Pb -0.680 -0.266 -0.005 0.296 -0.519

Variance 
in %

51.5 13.3 9.4 7.1 5.9

Table 2. Multivariable statistic for studied elements (in 
ppm) with their variance (%).

Fig. 6. Mean (± 95 c. limits) concentrations of barium in 
dependence on sample locations. The levels were signifi-
cantly higher downstream than upstream.

Fig. 7. Mean (± 95 c. limits) concentrations of iron in de-
pendence on sample locations. The levels were significant-
ly higher downstream than upstream.

Fig. 8. Mean (± 95 c. limits) concentrations of calcium 
depended on year. The levels were significantly higher by 
each year.

Fig. 9. Mean (± 95 c. limits) concentrations of barium de-
pended on season of collection.

Fig. 10. Mean (± 95 c. limits) concentrations of chromium 
depended on season of collection.
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growth. Grounds for this trend are likely the flash 
floods, which expose the bedrock and constantly 
weather the rocks. These trends could also be a 
direct consequence of global warming and more 
extreme changes in weather.

Occasional elements 

Although we have measured many elements, not 
all were detectible in tests. Some of them were un-
able to be detected at all, due to their very low 
concentration. Among these were Co, Ag and Hg. 
Accumulation by algae showed a high affinity to-

factor 1 showed any dependence on any of vari-
ables, namely that the summer season is a period 
of intense uptake of elements (Fig. 19).

Discussion

Many elements exhibited variation between years. 
Some elements tended to decreased (e.g., S, Cl, 
K, …) while others increased (e.g., Ca, Ti, Pb, …). 
Notable changes throughout the years were found 
only in Ca (KW-H = 9.68, p = 0.0079). The concen-
tration of Ca in the stream experienced constant 
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Fig. 11. Mean (± 95 c. limits) concentrations of iron de-
pended on season of collection.

Fig. 12. Mean (± 95 c. limits) concentrations of potassium 
depended on season of collection.

Fig. 13. Mean (± 95 c. limits) concentrations of manganese 
depended on season of collection.

Fig. 14. Mean (± 95 c. limits) concentrations of lead de-
pended on season of collection.

Fig. 15. Mean (± 95 c. limits) concentrations of rubidium 
depended on season of collection.

Fig. 16. Mean (± 95 c. limits) concentrations of titanium 
depended on season of collection.



and Cl were detected in more samples, but not in 
sufficient amounts for all our tests.

There was some seasonality associated with 
phosphorus, with the highest values in algae in 
summer and spring (Francoeur et al. 1999). The de-
tectable values were mostly found between June 
to August, though phosphorus was also present in 
May and September. We obtained more values from 
the downstream location due to the slower stream.

Nickel has its highest accumulation in algae in 
autumn months (Haritonidis and Malea 1995; Vil-
lares et al. 2002). The most common were values 
present during late summer and autumn months, 
from July to November. However, the most signifi-
cant results occurred between August and October. 

Astatine was detected throughout the year in 
relative equality. It was more abundant in July and 
August, but this might be attributable to the higher 
density of the stream. Astatine is a radioactive and 
highly unstable element with a minute natural abun-
dance (Al-Adilah et al. 2022; Sturges and Barrie 1988), 
therefore its values are often more-or-less random.

Selenium was found only between December 
and March. Organic selenium in water is at its 
peak in late summer, but total selenium exhibits 
maximum concentrations in winter (Sherrard et al. 
2004). We were able only to detect selenium dur-
ing winter months, due to the significant seasonal 
growth during that period. 

Molybdenum was only present in summer, 
between June and August, presumably due to a 
higher density of elements in the stream during this 
period. We only found tin 5 times out of 59 samples, 
and most often in January samples. 

Antimony follows the same cycle patterns as 
selenium (Pelachaty et al. 2004) and most of the 
measurable values were detected in late autumn, 
winter, and early spring, (October to March). Nei-
ther Cu nor Cl had any visible seasonal pattern in 
their accumulation.

Univariate statistics 

Concentration of elements in relation to the loca-
tion. We tested 17 elements and their mean con-
centration depended on the locality of sample col-
lection (downstream and upstream). In general, 
uptake of elements was higher at the downstream 
location, with the exception of Zn and Ni. Four ele-
ments (Ba, Fe, Mn, Ti) exhibited significant varia-
tion between localities. Their concentration nearly 
doubled at the downstream location compared to 
the upstream location. Standard deviation varied 
among all 17 elements. Some had higher deviation 
at the downstream location, while others had high-
er deviation at the upstream location. 

Uptake of barium is related to its concentration 
in the environment; the higher the concentration 
the higher the uptake. Oscillatoria sp. were able to 
remove 10 % of Ba in the medium. Cell size or pH of 
the cultures did not affect this accumulation (Fisher 
et al. 1991). Brown and green algae have many al-
ginate groups with a high affinity to barium. Ac-
cumulation takes place through ion exchange. This 
process occurs rapidly at first and then takes time to 
reach its equilibrium (Fontao et al. 2020). Barium has 
a minimal affinity toward minerals (Dong et al. 2003) 

wards Hg by log K´MS (mean conditional stability 
constant of M-sites of algae) with a value of 18.0 
± 0.3 (Vasconcelos and Leal 2001). Based on this 
we can assume that mercury short-term concentra-
tions in Javorinka stream are not high. Other ele-
ments were found in some samples, but certainly 
not often. Some of them were studied more exten-
sively but most remained unused. P, Se, Mo, Sn, 
Sb were only found in a few samples and were not 
used in any of the tests. Ni and As, as well as Cu 

Fig. 19. Mean (± 95 c. limits) of principal component rates 
on factor 1 mutual concentration of K, Ti, Cr, Mn, Fe, Zn, 
Rb, Zr, Ba, Pb highly depended on seasons. The elements 
accumulated in algae mainly in summer (KW-H (3,54) = 
15.8, p = 0.0013).

Fig. 17. Mean (± 95 c. limits) concentrations of zinc de-
pended on season of collection

Fig. 18. Mean (± 95 c. limits) concentrations of zircon de-
pended on season of collection.
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rienced an extensive flood which resulted in a 
great decrease in both nutrients and sediments 
in water environments (Hrivnáková et al. 2020). 
According to Meurant (2012), the concentration 
of calcium does not decrease immediately after 
a flood decreases, contrary to other elements. 
Flooding does not affected its cycles significant-
ly. Calcium concentration mainly affects plant 
uptake, discharge, and bedrock. According to 
Munn and Meyer (1990), the lowest uptake of 
calcium occurred in gravelly soils, whereas high 
uptake of calcium occurred at rock outcrops dur-
ing early spring. Higher flushing rates through 
the sediments may result in a less stable and 
less productive epibenthic community, resulting 
in a lower nutrient demand.

Our results suggest that higher concentration of 
calcium in the stream is likely due to the massive 
flood that occurred in 2018. Flood exposed and accu-
mulated bedrock results in flushing calcium through 
the stream. Continual erosion of the riverside and 
its sediments exacerbates this phenomenon and the 
concentration of calcium in the stream grows.

Almost all of elements (S, K, Ca, Ti, Cr, Mn, Fe, 
Zn, Rb, Sr, Zr, Ba and Pb) that we studied using this 
test had significant seasonality variance (p < 0.05), 
except S, Ca and Sr. Other seasonal patterns were 
noted, but note were as distinct as the first. S and 
Ca were the only elements to experience a peak 
during autumn, while the rest of elements were re-
corded at their peak during summer.

Other studies (Skriptsova 2016; Imbs et al. 2009; 
Villbrandt et al. 1991) proved that the highest uptake 
of elements in water streams occurs during summer 
or early autumn. In summer, season algae acquire 
mature reproductive organs. Intensive growth and 
development of reproductive structures causes an 
intense uptake of nutrients (Skriptsova 2016). Gross 
primary production in summer months ranged from 
5.8 to 11.3 g O

2
/m2 per day during the summer and 

algal respiration from 1.9 to 2.7 g O
2
/m2 per day. 

Photosynthesis/respiration ratios depending on 
month were ranging from 1.59 in December to 5.04 
in May (Stockner 1968). Physical characteristics, 
such as temperature and irradiation affect these 
processes to a significant extent. Warmer water 
during summer months, and higher irradiance in-
crease the tendency of the cell wall structures that 
absorb metals (Zeraatkar et al. 2016). According 
to our results 7, out of 10 elements were metals, 
which confirm their higher affinity for the algae 
cell wall during summer.

In terms of space-time these critical phenom-
ena for heavy metal accumulation in algae and cya-
nobacteria seem to occur during the summer sea-
son. During this time of intense growth, they are 
absorbing elements (K, Ti, Cr, Mn, Fe, Zn, Rb, Zr, 
Ba and Pb) and nutrients from their surroundings, 
including both biogenic as well as non-biogenic el-
ements (Pb). In summer, higher contamination of 
water and the necessity of element uptake for the 
growth of reproductive structures occur.

The smallest variance in values was observed 
during winter. Many elements are stored in snow 
and ice in the mountains. Thus, the composition of 
water in colder months is more stable and there is 
no disturbance present.

that leave its compounds unattached. Additionally, 
natural levels of Ba are the result of bleaching and 
eroding of sedimentary rocks (Fontao et al. 2020).

Higher uptake of Ba at the downstream loca-
tion was presumably caused primarily by differ-
ences in physical properties of the stream, lower 
velocity and by bleaching of limestone and slates. 
With lower velocity and higher abundance of Ba in 
the water, there was more time and enough ele-
ment for algal cell walls to react with and reach 
equilibrium of biosorption. 

Algae accumulate iron mainly in Fe2+ form, the 
concentration of which is controlled by the solubil-
ity of FeCO

3
, Fe (OH)

2
 and FeS. Most of it is con-

nected to the cell wall (Mahasneh 1988). Sources of 
iron in surface waters are primarily from bedrock 
and soil, (i.e., granite and granodiorite) (Erel et al. 
1990; Romanescu et al. 2016).

The granite bedrock of Javorinka river may 
contribute to the higher concentration of iron at 
the downstream location. Continual weathering 
of these rocks creates higher concentrations at 
lower localities.

Accumulation of manganese is mostly pro-
cessed by the cell wall, where it is absorbed by 
alginate structures. It is an element present in the 
Earth’s core and is naturally occurring in the en-
vironment. Anthropic sources include fertilizers, 
mining, metal manufacturing industries (Kaonga 
et al. 2008), and municipal sewage (Moore 2012). 
When algae is exposed to Mn pollution it can ex-
hibit higher values depending on velocity of the 
stream. In seasons where stream had lower veloc-
ity, its values increased up to 4.203 (ppm) ± 0.805. 
During seasons with higher velocity at both loca-
tions, its concentration was only 1.438 (ppm) ± 
0.196 (Kaonga et al. 2008). Other studies, such as 
Scott et al. (2002), came to the conclusion that, in 
lower localities less manganese was accumulated 
in the stream than in higher localities. This is most 
likely due to plant uptake. Manganese accumula-
tion takes place in two phases, rapid and slow. Its 
rapid phase can absorb up to 25 % of accumulated 
metal (Garnham et al. 1992).

Titanium, similarly to other metals, transfers 
within aquatic environment in oxides form, which 
has a high sedimentary rate (Kulacki et al. 2012). 
Therefore at lower velocity, it begins to sediment at 
higher rates (Lin et al. 2015). Similarly to other met-
als, titanium uptake undergoes 2 phases, rapid and 
slow (Kulacki et al. 2012). Most of the elements did 
not differ based on whether the algae were collect-
ed in higher located and faster moving parts of the 
stream, or at a lower and slower locality. Variation 
was only detected in Ba, Fe, Mn and Ti. This could 
also be related to lower velocity, varying transfer 
processes in aquatic environment, and different 
physical properties of water in lower lying areas.

Concentration of elements between years.

Calcium was the only element that showed sig-
nificant growth over the year. Calcium is depen-
dent on bedrock and parental geology. Weather-
ing of the soil and rocks helps maintain natural 
levels of calcium in the environment (Ohta et 
al. 2018). In July of 2018, the High Tatra expe-
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Synergic accumulation depended on season

The results clearly indicate significant variance 
based on season, mainly during summer. Synergic 
effects proved a notable increase in accumulation of 
K, Ti, Cr, Mn, Fe, Zn, Rb, Zr, Ba and Pb during the 
season. An increased tendency of cell wall structures 
(Zeraatkar et al. 2016) and the need for growth of al-
gae and their reproductive organs enhances metal 
uptake during this period (Skriptsova 2016).
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