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Abstract: One of the most evident consequences of eutrophication of waters is the progressive spreading of persistent
cyanobacterial blooms. They are often accompanied by the production of cyanotoxins in concentrations, which are haz-
ardous for human health. In this research, we analysed phytoplankton communities in four lowland water bodies, for
the presence of cyanobacterial blooms and toxin production. The cyanobacterial biovolumes we found, determine three
of the lowland water bodies: Onogur Reservoir (OR), Asparuhov Val Reservoir (AVR), and Srebarna Lake (SL) as "Alert Level
1" of potentially hazardous levels of cyanotoxins. Cyanobacterial biovolume exceeds the threshold value of 8 mm? L (rec-
reational waters) in AVR and SL at the end of the summer period. In OR, we registered sustainable bloom of Microcystis
spp. during the whole summer season, and extremely high average seasonal value of the total biovolume (146.5 mm3L").
Microcystins were reported in all four analysed water bodies, with the highest concentration in OR (6 pg L"). Cylindros-
permopsin was detected in AVR and OR, while saxitoxins were in AVR and SL. The concentrations of cyanotoxins do not
exceed the guideline values in recreational waters. However, the increased biovolumes of cyanobacteria are a signal that
in three of the analysed water bodies, monitoring is recommended at the levels of cyanotoxins during the summer period.

Keywords: phytoplankton, cyanobacterial blooms, cyanotoxins, monitoring

Streszczenie: Najbardziej widocznym efektem eutrofizacji wéd sa coraz obszemiejsze i dtuzej utrzymujace sie zakwity
sinic. Czesto towarzyszy im produkcja cyjanotoksyn w stezeniach niebezpiecznych dla zdrowia cztowieka. W niniejszej pra-
¢y analizowalismy zespoty fitoplanktonu w czterech nizinnych zbiorikach wodnych pod katem wystepowania zakwitow
sinicowych i produkcji toksyn. Na podstawie badan bioobjetosci sinic okreslono stopien potencjalnego ryzyka zwiazanego
z produkcja niebezpiecznych stezen cyjanotoksyn w dwdch zbiornikach Onogur (OR) i Asparuhov Val (AVR) oraz w jeziorze
Srebarna (SL). Stopien ryzyka w tych akwenach okreslono na poziomie alarmowym 1 "Alert Level 1". Pod koniec okresu let-
niego w AVR i SL bioobjetos¢ sinic przekroczyta wartos¢ progowa 8 mm? L (dla wéd rekreacyjnych). W OR odnotowalismy
staly zakwit Microcystis spp. przez caly sezon letni i wyjatkowo wysoka $rednia sezonowa wartos¢ catkowitej bioobjeto-
$ci (146,5 mm3 ). Mikrocystyny wykryto we wszystkich czterech badanych zbiornikach wodnych, przy czym najwyzsze
stezenie odnotowano w OR (6 pg L™). Cylindrospermopsyne wykryto w AVR i OR, natomiast saksytoksyny - w AVR i SL.
Stwierdzone stezenia cyjanotoksyn nie przekraczaja wartoéci dopuszczalnych w wodach rekreacyjnych. Jednak zwigkszone
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bioobjetosci sinic wskazuja, ze w trzech z czterech analizowanych zbiornikdw wodnych nalezatoby monitorowac poziom

cyjanotoksyn w okresie letnim.

Stowa kluczowe: fitoplankton, zakwity cyjanobakterii, cyjanotoksyny, monitoring

Introduction

The ecological significance of phytoplank-
ton is defined by the fact that the parame-
ters of its productivity, are also indicators
for the trophic condition of the water pool.
The first organisms affected by the changes
in lake ecosystems, connected to the pro-
cess of eutrophication, are autotrophic or-
ganisms, which are the primary source in
the food chain (Belkinova et al. 2013, 55).

Due to the short generation time of phy-
toplankton, its response to changes in
the aquatic environment, mainly to the en-
richment of the lakes in nutrients, is rapid
and direct. (WFD CIS Guidance Document
23/2009, art. 4.1). Phytoplankton can be
an early warning indicator and, theoreti-
cally, can be used to control subsequent
changes in aquatic environment. Owing
to the constant threat of excessive eutroph-
ication of the aquatic environment, which
is the main pressure in many countries,
the knowledge of planktonic algae and cy-
anobacteria is gaining in importance. The re-
sponse of phytoplankton to eutrophication
has many negative effects (Pasztaleniec 2016,
26). Usually, it is manifested in its increased
abundance and biomass, and contributes
to greater turbidity of waters. As a result,
a large number of secondary effects are
observed, for example, changes in the tax-
onomic composition of the phytoplankton,
excessive development of cyanobacteria and
filamentous green algae, decreased coloni-
sation depth of macrophytes, and even their
complete withdrawal. Persistent cyanobacte-
rial blooms, including those of toxic species,
occur (Chorus and Welker 2021, 3).

The above mentioned changes cause so-
cio-economic consequences: deterioration
of the water quality of recreational lakes/
reservoirs, a ban on swimming (because
of blooms), death of fish (caused by anoxia),

or unsuitability of fish for consumption, as
a result of their content of toxins, harm-
ful impact on drinking water, and decline
of the natural values of protected areas
(Pasztaleniec 2016, 26).

Cyanobacterial blooms are a global threat
to the sustenance of water ecosystems,
which affects human health and the econ-
omy. Blooms can definitely limit the use
of water, due to the possible production
of toxins (Napiérkowska-Krzebietke 2015,
98). In the past few years, the assessment
of the threshold of cyanobacterial bloom
has turned into one of the most studied val-
ues used for the assessment of the ecological
state of water bodies, and for the determina-
tion of human health risk.

In 1999, the World Health Organisation
(WHO) developed its first drinking-water
guidelines value for the widely spread cyano-
bacterial toxin, microcystin-LR. Since 1999,
the knowledge on cyanotoxins has grown
exponentially, and this has allowed the de-
velopment of guideline values for the other
cyanotoxins (Chorus and Welker 2021, ix).

The global significance of the problem
stimulates the performance of scientific re-
search on the problems connected to cyano-
toxins in Bulgaria as well, as they have been
actively studied since 2009. In the summary
of part of the results for a 15-year period
of time, (Stoyneva-Girtner et al. 2017), 149
state that in 16 out of 120 Bulgarian reser-
voirs, there are reported cyanotoxins, in-
cluding in 3 drinking water reservoirs.
A number of analyses on phytoplankton,
during the past few years, have reported in-
creased frequency of cyanobacterial blooms
in Bulgarian reservoirs (Dochin and Stoy-
neva 2016, 59).

The aim of this research is to expand
the knowledge of the problem in Bul-
garia, through analysis of phytoplankton
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communities, for the presence of cyanobac-
terial blooms and toxin levels in four low-
land water bodies. To achieve this goal, we:
(i) studied the taxonomic composition, and
the species’ richness of phytoplankton; (i)
determined the biovolume of phytoplank-
ton and descriptor species; (iii) analysed
the seasonal succession of phytoplankton in
taxonomic groups; (iv) measured the con-
centration of cyanotoxins in the water
samples.

1. Materials and methods

1.1. Description of the water bodies and morphometric
characteristics

The main objects of the study were the low-
land reservoirs Onogur (OR), Asparuhov
Val (AVR), Lomtsi (LR), and Srebarna Lake
(SL) — Fig. 1. They are situated in North Bul-
garia and are characterised as shallow pol-
ymictic water bodies (Table 1). The most
essential economical applications of these
reservoirs are irrigation, fishing, fish-farm-
ing, and recreation. SL is the largest Bul-
garian lake, near the Danube, and has
protection status.

1.2. Phytoplankton sampling

The analysis of phytoplankton was per-
formed with an integrated sample, repre-
senting a euphotic zone, in accordance with
ISO 5667-1:2020. Four samples were taken
from the studied water bodies in the sum-
mer of 2019 (months: June, July, August, and
September),

The following physico-chemical parame-
ters: water temperature, transparency (Sec-
chi disk), dissolved oxygen, conductance,
and pH, were measured in situ, with the use
of calibrated field devices. The concentra-
tion of chlorophyll-a was specified under
the confirmed spectrophotometric method,
following ISO 10260:1992.

1.3. Phytoplankton analyses

The taxonomic composition of phytoplank-
ton was determined by a light microscope
Magnum (up to 1000 x magnification).
The general taxonomic system follows Guiry
and Guiry (2021). Phytoplankton counting
was performed with an inverted microscope
(Utermohl 1958). At least 1,000 individuals
of the most numerous species in each sam-
ple were counted (Padisdk et al. 2006, 4).
Algal biovolume was calculated with
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Figure 1. Map of the location of the investigated water bodies. Large-scale topographic maps
of the water bodies were obtained from https://ngmdb.usgs.gov and modified. Arrows designate

the sampling stations
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Table 1. Morphometric characteristics and economic use of the studied reservoirs/lakes. PS —
protection status. The data is according to Michev and Stoyneva (2007)

Characteristics Onogur Asparuhov val Srebarna Lomtsi
Latitude 43.82095 43.74828 4410714 43.44719
Longitude 27.59759 23.63183 27.0731 26.34533
Altitude (m a.s.l.) 93 133 10.0-13.2 205
Surface area (km?) 0.09 13 10 0.7
Maximal depth (m) 1.0 6.0 3.3 5.0
Mictic type Polymictic Polymictic Polymictic Polymictic
Volume (km3) 0.0081 2.81/14.35

low/high level 0.00333
Use Irrigation, [rrigation, International PS: [rrigation,
Fishing, Fish-farming, Biosphere Reserve, Fish-farming
Recreation, Fishing Ramsar Site

Watering animals

geometric-shape formulas (Hillebrand et al.
1999). The total biovolume of phytoplankton
in each sample was calculated by summation
of the biovolumes of all taxa. The selected
descriptor species were those with relative
biovolume of >5% of the total biovolume
of the phytoplankton. The dominant taxo-
nomic groups we accepted, were the ones
with at least 50% of the total biovolume.

1.4. Analysis for presence of cyanotoxins

The analysis of the water samples for pres-
ence of microcystins and nodularins was
performed with Microcystins/Nodularins
(ADDA) ELISA kit (Abraxis LLC, Warm-
inster, PA), under the prescriptions and
the protocols of the manufacturers. This is
an enzyme-linked immunosorbent assay
(ELISA) for a quantitative analysis of mi-
crocystins and nodularins in water samples.
The borderline detection of the Microcyst-
ins ELISA kit is 0.10 ppb (ug L™). ELISA
kits of the same company, were used for
the detection of saxitoxins and cylindros-
permopsin — ELISA Kit (PN 52255B), with
detection limit of 0.02 ppb (pg L), and Cy-
lindrospermopsin ELISA Kit (PN 522011),
with detection limit of 0.05 ppb (ug L™), re-
spectively. The intensity of the blue colour,
is in inverse proportion to the concentration

of microcystins, cylindrospermopsin, or sax-
itoxins, available in the sample. The report
is performed with the use of ELISA reader
ELx800TM (BioTek) at 450 nm. The concen-
trations of cyanotoxins in the samples were
specified with the use of a standard curve,
designed for each report.

2. Results
2.1. Physico-chemical parameters and concentration
of chlorophyll-a

The values of physico-chemical parameters
in the analysed water bodies are presented
in Table 2. The average values of water tem-
perature vary from 23.0 to 27.1°C and are
typical for the summer season, in the lakes
of the temperate zone. The active reac-
tion of water in the four lakes is in the al-
kaline region and varies from 8.03 to 10.14.
The average values of oxygen concentration
in OR, AVR, and LR are more than 100%,
which means supersaturation in a greater
part of the summer season. In connec-
tion to the intensive bloom of phytoplank-
ton in OR, we reported supersaturation
(up to 200%) in the waters during almost
the whole analysed period, and very low
transparency (0.04 m).

Regarding the concentration of chlo-
rophyll-4, an extremely high value was
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detected in OR, in September — 5183 pg L™
The average seasonal concentration of chlo-
rophyll-a in this reservoir was 50 times over
the values of chlorophyll-a in the other lakes.

2.2. Taxonomic composition and phytoplankton
species’ richness

We found a total of 162 phytoplankton spe-
cies in the four studied water bodies, which
are related to 9 taxonomic groups (Fig. 2):
Cyanobacteria, Chlorophyta, Charophyta,
Bacillariophyta, Cryptophyta, Chrysophy-
ceae, Eustigmatophyceae, Euglenophyceae
Dinophyceae.

During the whole summer season, the pre-
dominant number of species in OR are Cy-
anobacteria and Green Algae (Chlorophyta),
which totals over 80% of the species (Fig. 2).
The taxonomic composition of phytoplank-
ton in AVR and SL excels with a greater
species richness (8o and 108 species, re-
spectively), which is distributed in twice
the more taxonomic groups. In both water
bodies, during the whole summer season,
Cyanobacteria and Green algae are the dom-
inant and the codominant species (Fig. 2). In
terms of their differences, Green algae are
distinctly predominant in LR in the whole
summer season (35 to 55% of species rich-
ness). Only in the middle of the summer
(July and August), is there a significant per-
centage of Cyanobacteria (26% and 25%,
respectively).

2.3. Descriptor species and biovolume
of phytoplankton

During the period of analysis in OR, we
detected an extremely high average value
of the total biovolume (146.5 mm?3L™), which
exceeds the average values in AVR, SL, and
LR from 11 to 24 times (12.8, 7.0, and 6.1
mm? L, respectively) — Table 3. The in-
tensive bloom of Microcystis flosaquae is
a characteristic feature of the phytoplank-
ton community in OR, with an individual
biovolume for each month — 71.9, 29.1, 34.6,
and 110.0 mm?® L™, respectively. In the mid-
dle, and at the end of the summer, the ad-
ditional codominant blooming species were
M. aeruginosa and M. wesenbergii (Table 3).
In September, these potentially toxic species
of Microcystis formed 82% of the total bio-
volume. The biovolume of phytoplankton
in AVR had a rapid increase in the summer
season, reaching a peak in September —
39.0 mm?> L™ In the middle, and at the end
of the summer, eutrophic cyanobacteria,
Sphaerospermopsis aphanizomenoides (55%
relative biovolume), Planktothrix agardhii
(19%), Raphidiopsis raciborskii (6%), and
Planktolyngbya limnetica (5%), replaced
the other species, and remained the only de-
scriptor species. The peak of the total biovol-
ume of 39.0 mm? L™ reported in September,
was a result of blooms of potentially toxic
species — P. agardhii (27.6 mm?3L™) and R.
raciborskii (3.2 mm?3L™). The sum of both
species formed 79.0% of the total biovol-
ume. Similar to AVR in SL, we observed

Table 2. Physico-chemical parameters and concentrations of chlorophyll-a in the analysed reservoirs/
lakes in 2019. WT-water temperature; SD-Secchi depth; DO-dissolved oxygen; OS-oxygen saturation;
C-conductivity; Chl-a-chlorophyll-a. In bold — average values of the parameters

Water bodies ~ WT(°C) SD(m) pH DO (mg L") 0S (%) C(uScm™)  Chl-a(pg L")
Onogur 23.8 0.04 10.14 18.8 190.0 946 4153.8
min-max 15.1-29.7  0.02-0.05 9.95-10.36 15.78-20.0  160.0-200.0 720-1390  3139.4-5182.9
Asparuhov Val 274 0.41 9.01 10.13 128.5 953 82.4
min-max 23.3-30.0 0.22-0.75 9.03-9.09 4.42-14.55 55.0-195.0 925-992 32.6-112.5
Srebarna 24.2 0.89 8.03 6.4 78.5 406 51.9
min-max 21.2-25.4 0.5-1.5 7.54-8.81 1.4511.96 18.0-147.0 346-479 6.51-80.95
Lomtsi 23.0 0.53 8.88 11.6 134.5 620 78.6
min-max 21.0-25.5 0.35-0.8 8.43-9.59 7.35-18.2 85.0-200.0 594-647 48.1-108.9
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Figure 2. Species richness (%) of phytoplankton for different taxonomic group in the four studied
water bodies. In the brackets, the total number of phytoplankton species for each month is presented

a sharp increase of the total biovolume
of phytoplankton from June to September,
as well (from 0.7 to 13.0 mm?®L™). The de-
scriptor species were different for each
month of the summer period. However, as
with AVR, in SL, there was an intensive
development of eutrophic cyanobacteria —
Cuspidothix issatschenkoi (3.0 mm?3 L") and
Aphanizomenon flosaquae (2.3 mm? L) in
the middle, and at the end of the summer.
They formed a sum of 40% of the total bio-
volume in September. The average seasonal
value of biovolume in LR was the lowest and
varied slightly in the summer season (from
4.3 to 7.6 mm? L™). The seasonal succession
of descriptor species also revealed more dif-
ferences. Cryptophytic algae Cryptomonas
erosa (49%) and diatom species, Aulacoseira
granulata (61%), respectively, had the largest
biovolume in June and July. Cyanobacteria
P, agardhii and M. aeruginosa appeared as
descriptor species of phytoplankton, only
in August. In September, there was an in-
tensive development of C. erosa, which con-
centrated more than half (58%) of the total
biovolume.

2.4. Seasonal succession of phytoplankton by
taxonomic groups

In OR, Cyanobacteria was a dominant tax-
onomic group during the whole summer
season, as its representatives were concen-
trated from 54 to 95% of the total biovolume
(Fig. 3). At the beginning of the summer
(June), the biovolume of phytoplankton in
AVR had an equal distribution between rel-
atively large number of taxonomic groups:
Charophyta, Euglenophyceae, Cyanobacte-
ria, Chlorophyta, and Chrysophyceae (with
relative biovolumes of 27, 26, 23, 15, and 7%,
respectively). In the middle, and at the end
of the summer, cyanobacteria replaced
the other taxonomic groups, and remained
the only dominant group, with a relative bi-
ovolume of 89%. The seasonal succession
of biovolume was similar in SL. At the begin-
ning of summer, the total biovolume of phy-
toplankton was formed by a large number
of taxonomic groups: Chlorophyta, Bacillari-
ophyta, Cyanobacteria, Euglenophyceae, and
Cryptophyta (with relative biovolumes of 40,
19, 16, 12, and 12%, respectively). Within
the summer season, the relative biovolume
of Cyanobacteria increased from 16% in
June to 60% in September. A specific feature
of the phytoplankton community in LR is
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Table 3. Descriptor phytoplankton species in the studied water bodies
Taxonomic group [Bv (mm3L") RBv (%)
Onogur: 159.0/50.9/64.0/312.2* (146.5)

Descriptor species

Limnococcus limneticus Cy 0/13.8/6.9/0.5 0/27.0/10.7/0
Microcystis aeruginosa Cy 0/0/0/131.8 0/0/0/42.2
Microcystis flosaquae Cy 71.0/29.1/34.61110.9 45.3/57.1/54.0/35.5
Microcystis wesenbergii Cy 0/0/8.1112.4 0/0/12.6/4.0
Synechocystis aquatilis Cy 9.3/1.3/0/0 5.8/2.6/0/0
Golenkinia radiata Chl o0/o/0/17.2 o0/o/o/5.5
Pseudopediastrum boryanum Chl 50.8/0.9/1.6/4.7 32.0 [1.8/2.4/1.5
Fragilaria sp. Ba 13.5/1.1/0/3.1 8.5/2.2/0/1.0
Euglena texta Eu 0/0/4.216.1 0/0/6.611.9
Asparuhov val: 1.8/ 6.0/4.3/39.0* (12.8)
Dolichospermum flosaquae Cy 0.3/0.2/0/0 15.3/2.6/0/0
Microcystis flosaquae Cy 0/0.4/0/0 0/6.9/0/0
Microcystis wesenbergii Gy 0/0.5/0/0 0/8.0/0/0
Planktolyngbya limnetica Gy 0.0002/0.2/0.2/1.9 0/3.9/5.4/4.8
Planktothrix agardhii Cy 0/0/0.8/27.6 0/0/19.2/70.8
Raphidiopsis raciborskii Cy 0/0/0.3/3.2 0/0/6.0/8.2
Sphaerospermopsis aphanizomenoides Cy 0/0.2/2.4/0.2 0/4.0/54.710.6
Sphaerospermopsis kisseleviana Cy 0.1/0.4/0/0 4.8/6.7/0/0
Actinastrum hantzschii Chl 0.1/0.0001/0/0.05 5.0/0/0/0.001
Cosmarium sp. Cha 0.1/0/0/0.7 7.2/0/0/1.9
Staurastrum gracile Cha 0.4/0.1/0.02/0 19.9/2.2/0.4/0
Chrysococcus rufescens Chr 0.1/0.2/0/0 7.2/2.6/0/0
Euglenaformis proxima Eu 0/1.6/0/0 0/26.3/0/0
Lepocinclis acus Eu 0.3/0.3/0/0 16.0/4.8/0/0
Lepocinclis caudata Eu 0/0.4/0.005/0.3 0/6.6/0.1/0.9
Trachelomonas volvocina Eu 0.2/0.3/0/0.02 9.6/4.3/0/0.1
Ceratium furcoides D 0/0.4/0/0 0/6.5/0/0
Srebarna: 0.7/2.4/11.7/13.0* (7.0)
Aphanizomenon flosaquae Cy 0.08/0.2/0.04/2.3 12.9/6.7/0.3/17.6
Cuspidothix issatschenkoi Cy 0/0/0.6/3.0 0/0/4.7/22.7
Raphidiopsis raciborskii Gy 0/0.2/0/0.04 0/6.4/0/0.3
Limnothrix planctonica Gy 0/0.1/0.2/0.8 0/4.8/2.0/6.4
Microcystis aeruginosa Cy 0/0.3/0/0.1 0/13.7/0/1.0
Oscillatoria sancta Cy 0/0/2.0/0.2 0/ol17.11.4
Romeria gracillis Gy 0/0.1/0.06/0 0/6.0/0.5/0
Dictyosphaerium sp. Chl 0.2/0.08/0.1/0.1 33.5/3.5/1.3/0.8
Bacillaria paxillifera Ba 0/0/4.7/0.03 0/0/40.4/0.2
Cymbella sp. Ba 0/0/0/0.8 0/0/0/6.3
Epithemia sp. Ba 0.1/0.1/0/0 14.5/3.2/0/0
Euglenaria caudata Eu 0/0/0.8/0.9 0/0/7.0/7.0
Euglena sp. Eu 0.04/0.03/0/0 5.8/1.3/0/0
Lepocinclis sp. Eu 0.04/0/0/0 5.8/0/0/0
Kolkwitziella acuta D 0/0.6/0/0 0/26.5/0/0
Chroomonas coerulea Cr 0.04/0.06/0/0.01 5.6/2.6/0/0.1
Plagioselmis nannoplanctica Cr 0.03/0/0/0.01 5.1/0/0/0.9
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Descriptor species Taxonomic group [Bv (mm>L") RBv (%)
Lomtsi: 4.3/7.6/6.7/5.8* (6.1)

Microcystis aeruginosa Gy o/0/0.5/0 0/0/7.2/0
Planktothrix agardhii Gy 0/0.3/1.3/0 0/3.6/19.4/0
Actinastrum hantzschii Chl 0/0.0001/0.9/0 0/0.001/14.2/0
Lemmermannia tetrapedia Chl 0.2/0.01/0.01/0 5.8/0.2/0.2/0
Monactinus simplex Chl 0/0/0/0.9 0/0/0/15.6
Pediastrum duplex Chl 0/0/.2/0 0/0/18.4/0
Closterium sp. Cha 0/0/0.1/0.6 0/0/1.5/11.2
Aulacoseira granulata Ba 0/4.7/0/0 0/61.3/0/0
Navicula cryptotenella Ba 0/0/0/0.4 0/0/0/6.6
Euglenaformis proxima Eu 0.002/0.6/0/0 0.1/7.5/0/0
Lepocinclis sp. Eu 1.2/0/0/0 27.1/0/0/0
Peridiniopsis cunningtonii D 0.7/0/0/0 15.7/0/0/0
Kolkwitziella acuta D 0/1.0/0/0 0/13.0/0/0
Cryptomonas erosa Cr 2.1/0/0.5/3.4 49.0/0/7.8/58.9

Taxonomic groups: Cy-Cyanobacteria; Chl- Chlorophyta; Cha- Charophyta; Ba- Bacillariophyta; Cr-Cryptophyta; Chr-
Chrysophyceae; Eus- Eustigmatophyceae; Eu- Euglenophyceae; D- Dinophyceae; *Total biovolumes of phytoplankton
(mm?®L™) in the samples from June/July/August/September; IBv-Individual biovolumes of phytoplankton species in

the samples from June/July/August/September; RBv-Relative biovolumes of phytoplankton species from the total bio-
volume in the samples from June/July/August/September; in brackets — average seasonal biovolume (mm?*L™)

that the summer season started and finished
with the dominance of cryptophytic algae,
with a relative biovolume of 49% (June) and
64% (September). In difference to the other
lakes, cyanobacteria took a significant part
of the biovolume of phytoplankton, only in
August (37%), and they were totally missing
at the end of the summer.

2.5. Analysis of the water samples for presence
of cyanotoxins

During the analysis of seasonal dynam-
ics of phytoplankton biovolume, we found
that in three of the analysed water bodies
(OR, AVR, and SL), cyanobacterial biovol-
ume reaches, or exceeds, the values of “Alert
Level 17 (Chorus and Testai 2021, 350-351) —
Fig. 4. This motivated the water sampling
for analysis of toxins, from all studied water
bodies in September, 2019. The results from
the analysis are summarised and presented
in Table 4.

The water samples from OR show a pres-
ence of hepatotoxins in both analysed
groups — mictocystins and cylindrosper-
mopsin, in concentrations of 6.5 pg L™
and o.10 pug L, respectively (Table 4).

The presence of microcystins is a result
of the reported cyanobacterial species
M. aeruginosa, M. flosaquae, and M. wesen-
bergii (Table 3), which have been repeatedly
reported in the scientific literature, as pro-
ducers of microcystins. The cylindrosper-
mopsin reported in the water sample (0.10
pg L) is most probably a result of the pres-
ence of Limnothrix redekei. Neurotox-
ins from the group of saxitoxins were not
detected.

AVR is the only one of the studied water
bodies, in which we reported all the three
types of cyanotoxins. The concentration
of microcystins was 3 times lower than
the one in OR — 2 pg L™. They are produced
by P. agardhii, which was blooming, and
took 70.8% of the total biovolume of phy-
toplankton (Table 3). The presence of cylin-
drospermopsin (at an amount of 0.15 pg L™)
can be explained with the cyanobacteria R.
raciborskii and L. redekei found in phyto-
plankton samples. The saxitoxins reported
in the water samples were in a concentration
of 0.02 pg L™. The producer of these toxins
in reservoirs is probably A. flosaquae, which
is a proved producer of neurotoxins.
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Figure 3. Seasonal variation of the relative biovolume (%) of phytoplankton presented by taxonomic
groups in 2019. The total biovolume of phytoplankton for each month is specified in brackets
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Figure 4. Seasonal distribution of cyanobacterial biovolume in the four water bodies in Bulgaria in
2019. Red line — upper threshold for “Alert Level 1”, with biovolume of up to 8 mm? L™ in recreational
waters

Table 4. Quantitative and qualitative composition of cyanotoxins in the studied water bodies

Cyanotoxins Onogur Asparuhov val Srebarna Lomtsi
Microcystins (ug L") 6.5 2 0.2 0.7
Cylindrospermopsin (g L") 0.10 0.15
Saxitoxins (ug L") - 0.02 0.10

We detected two types of cyanotoxins in  of microcystins in LR — 0.17 pg L. Consid-
SL: microcystins (0.2 ug L) and saxitoxins  ering the fact that in August, we identified
(0.10 pg L™). The potential producer of these M. aeruginosa and P. agardhii as descriptor
toxins is A. flosaquae, which reached a bio- species (Table 3), we think that the pres-
volume of 2.3 mm?®L™"in September (Table 3). ence of microcystins was a result of their
No cylindrospermopsin was reported in this ~ decomposition.
water sample.

Despite the lack of cyanobacterial species
in September, we reported a small amount
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3. Discussion

The consequences of cyanobacterial blooms
and the cyanotoxins have been actively
studied in Bulgaria since 2009 (Teneva et
al., 2009; 20104, b; 2011; 2014; Pavlova et
al. 2014; 2015). The summarised informa-
tion for the current condition of this topic
was provided by Teneva et al. 2015, 241-
242, Stoyneva-Gértner et al. 2017, 131-1409,
and Descy et al. 2018, 47-49. The analysis
of this problem is important, as the expan-
sion of cyanobacterial blooms may have
negative consequences on biodiversity, and
on the functioning of water food chains,
and threatens the use of affected waters for
drinking, bathing, fishing, and recreation
(WED CIS Guidance Document 23/2009,
106; Pasztaleniec 2016, 26).

The results of the cyanotoxins moni-
toring, performed for a period of 15 years
(from 2000 to 2015), include 120 Bulgar-
ian reservoirs which are of different lo-
cation, morphometry, and trophic state
(Stoyneva-Gartner et al. 2017, 131-133, 149).
The analysis showed the following: 1) there
is a great diversity of cyanobacteria in Bul-
garian lakes (210 cyanobacterial taxa of 60
genera); 2) toxin species are found in 30 res-
ervoirs; 3) cyanotoxins (microcystins, nod-
ularins, and saxitoxins) are reported in 16
reservoirs; 4) the concentration of toxins
varies between 0.1 and 26.5 pug L™ in water
samples, and between 10.9 and 1070 pg L™
(d-w.) in concentrated (net) samples. Despite
the facts that microcystins were not found
in all studied water bodies, and that the reg-
istered levels of microcystins are lower than
those in other European countries, the fact
that there is a presence of cyanotixins in
3 drinking water reservoirs, may serve as
a warning about the necessity of recognis-
ing cyanotoxins as a new health risk factor
in the country.

The issue “Toxic Cyanobacteria in Water’,
published by the WHO in 1999, was the first
one which offers “Alert Levels” connected
to the exposition of cyanotoxins in recrea-
tional waters. In 2020, the WHO reviewed
the maximum acceptable concentrations

for cyanotoxins. In relation to the new re-
quirements, three “Indicative alert levels”
connected to the exposition of cyanotoxins
in recreational water and in drinking-water
supply, were specified (Chorus and Testai
2021, 350-351; Humpage and Cunliffe 2021,
320-321). Different input parameters are of-
fered for the assessment of the health risk
of cyanotoxins, which vary from the visual
evaluation, through microscopy and quan-
titative specification of cyanobacterial bio-
mass, to toxin analysis.

The analysis of the results of our studies
in all lowland water bodies showed the fol-
lowing specific features of phytoplankton
communities. The phytoplankton in OR is
characterised with the predominance of Cy-
anobacteria and Green algae, which form
80% of the species (Fig. 2). In OR, we re-
ported an extremely high average seasonal
value of the total biovolume (146.5 mm?L™),
and persistent sustainable bloom of Micro-
cystis spp. Cyanobacteria, are the dominant
taxonomic groups during the whole sum-
mer season, with 54 to 95% contribution
to the total biovolume (Fig. 3).

AVR and SL have similar seasonal succes-
sion of phytoplankton biovolume. At the end
of the summer (in September), we registered
a peak of the total phytoplankton biovolume,
with blooms of potentially toxic species P.
agardhii, R. raciborskii (in AVR) and C. is-
satschenkoi, A. flosaquae (in SL) — Table 3. In
September, the relative biovolume of Cyano-
bacteria increases up to 89% in AVR, and up
to 60% in SL (Fig. 3).

In the context of the new threshold val-
ues for alert levels, according to Chorus
and Testai, 2021, 350-351, the cyanobacte-
rial biovolumes established by us, place OR,
AVR, and SL, in “Alert Level 1” for poten-
tially hazardous levels of toxins. In SL and
AVR, cyanobacterial biovolume reached
and exceeded 8 mm? L™ in September, and
in OR, the situation was like that during
the whole summer (Fig. 4). With the pres-
ence of a national policy of monitoring
cyanotoxins in these water bodies, “Moni-
toring to trigger immediate responses” has
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to be applied, within the context of the new
guidelines of the WHO. It is being realised
when the “Vigilance Level” and the “Alert
Level 1” are exceeded, and is conducted reg-
ularly (monthly or weekly), with a focus in
the months of blooming (Welker et al. 2021,
642).

Our analyses for a presence of cyanotox-
ins showed presence of microcystins in all
the water bodies (Table 4). The largest re-
ported quantity is in OR (6 pg L), followed
by AVR (2 pg L™), SL (0.2 pg L™), and LR
(0.17 pg L™). We reported cylindrospermop-
sin in two of the water reservoirs — AVR
(0.15 pg L) and OR (o0.10 pg L™), while we
detected saxitoxins in SL (0.10 pg L™) and
AVR (0.02 pg L™). The presence of cyanotox-
ins in the studied water bodies is a logical
consequence of the intensive development
of cyanobacterial species (a great part
of which produce toxins) during the whole
summer season, or at the end of the summer
(Table 3).

The concentrations of toxins we reported,
do not exceed the maximum acceptable
values in recreational water: for microcys-
tin LR-24 pug L; cylindrospermopsin-6 pg
L and saxitoxins-3o pg L (WHO 2020,
40, 21, 18). In connection to this, we should
highlight that in our study, we detected tox-
ins, only in September. Studies on the sea-
sonal pattern of microcystin production in
cyanobacterial biomass, revealed that in
the summer season, their concentrations
in Microcystis populations usually decrease
(Ibelings et al. 2021, 268). Meanwhile, in OR,
we registered intensive blooms of Micro-
cystis spp. during the whole summer. That
is why, the microcystin levels should be
monitored from the beginning of the sea-
son. Furthermore, the waters of the lowland
reservoirs/lake we studied are used for irri-
gation, fishing, fish-farming, and recreation.

Although the concentrations of cyano-
toxins are lower than the maximum ac-
ceptable values, we think that there is
a necessity to monitor programmes for Cy-
anobacteria and the toxins they produce,
especially in water bodies, which are used

for drinking-water supply, recreation, and
fish-farming.

Conclusion

This research analyses phytoplankton com-
munities in four lowland reservoirs/lake in
Bulgaria, for the presence of cyanobacterial
blooms and cyanotoxin levels. The waters
are used for irrigation, fishing, fish-farming,
and recreation. Cyanotoxin assays showed
the exposition of microcystins in all the four
studied water bodies. However, concentra-
tions of cyanotoxins do not exceed the max-
imum acceptable values in recreational
waters. We should note though, that the bi-
ovolumes of cyanobacteria and the levels
of toxins, place Onogur Reservoir, Asparu-
hov Val Reservoir, and Srebarna Lake on
“Alert Level 17, which recommends cyano-
toxin monitoring, with a focus on the peri-
ods of blooming.
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