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Abstract

Microcystins cause acute hepatotoxicity and chronic liver tumor promotion. This study presents
the results of HPLC DAD analyses and their LC-MS confirmation of samples from five Bulgarian
water bodies (reservoirs Stoudena, Pchelina, Bistritsa and lakes Dourankoulak, Vaya). The total
concentration of microcystins in water samples ranged from 0.1 to 26.5 pg/l. The amount of mi-
crocystins in the biomasses ranged from 11.4 to 49.6 pg/g (d.w.). The high percent of positive
samples in which the most toxic microcystin-LR is recorded, can serve as a strong alarm for the
necessity of a serious study and relevant discussion of the problem with responsible authorities at
national level.
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1. Introduction

Cyanoprokaryotic/cyanobacterial blooms in surface waters resulting generally from anthropogenic pollution
with nitrogen and phosphorous are a well-known worldwide problem. Adverse health effects for humans and
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animals are associated with cyanobacterial toxins such as microcystins and nodularin [1]. Microcystins (MC)
cause acute hepatotoxicity and chronic liver tumor promotion. World Health Organization (WHO) has recom-
mended a provisional guideline value for MC-LR 1 ng/l for drinking water [2]. Until now MC have been iso-
lated from several species of freshwater genera Microcystis, Anabaena, Oscillatoria, etc. [3]. In spite of the
recognition of the problem of blooms and related potential presence of microcystins in Bulgarian waters [4]-[7],
relevant studies on the topic are extremely scarce, as summarized in recent general papers on the biodiversity of
Bulgarian wetlands [8]-[10]. The deepening of the problem itself and its higher admission are proved by the in-
teresting fact that the first series of MC-investigations in Bulgaria, which started in 2004 and were carried out by
our research group [8] [11] [12], were more recently followed by studies of another group [13]-[15]. However,
yet all the surveys on the presence of MC in Bulgaria are concerning only particular water bodies and based
generally on singular samplings. Therefore the aim of the present paper is to promote additional knowledge on
the topic, which concerns not only the health of the population, but also the so-called ecosystem health, and ad-
ditionally to outline the first incontestable checking for the nodularin in Bulgaria (despite its negative result).

2. Material and Methods
2.1. Studied Sites

In the summer months of 2011 sampling was carried out in five Bulgarianwater bodies of health and conserva-
tional importance (Figure 1). The first three inland reservoirs are located in the Western part of the country, on the
European Bird migration route Via Aristotelis. The Black Sea coastal lakes Dourankoulak and Vaya, located on
the Bird migration route Via Pontica, shelter many rare and endangered bird species and are well-known sites of
global, European and national conservational importance. They have been declared as Protected localities, Ramsar
sites, Important bird areas and Natura 2000 sites. The five studied water bodies are included with the following
identification numbers: Stoudena-IBW 1060, Pchelina-IBW 1039, Bistritsa-IBW 1067, Dourankoulak-IBW8825,
Vaya-IBWO0191 in the Bulgarian Wetlands Inventory [ 16], where more details on them can be seen.
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Figure 1. Map of Bulgaria and location of investigated water bodies: Reservoir, Stoudena, ReservoirPchelina, Reservoir Bi-

stritsa, Lake Dourankoulak, and Lake Vaya.
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2.2. Sampling

Three liters of water from surface zone were collected in plastic bottles and stored frozen prior to sample prepa-
ration. In parallel, biomass samples were collected from water bodies and scum was taken in the littoral shallows
with plankton net (20 um). The biomasses were stored frozen and portions of them were defrosted and dried at
room temperature prior to the analysis of toxins.

Water samples for biological analyses were collected in 1 liter glass bottles at the same points as the samples
for toxins and immediately fixed with 2% - 4% formaldehyde. In the laboratory samples were concentrated by
sedimentation.

2.3. Species Composition and Biomass Quantification

The qualitative analysis was based on taxa determination according to the current taxonomic literature [17]-[21].
Counts were done in a Thoma blood-counting chamber in § reiterations with cell as a counting unit. Biomass
was calculated after measurement of each cell, using standard stereometrical approximations [22] [23].

2.4. Analysis of Toxins

Stored water samples were frozen and defrosted three times to provide cell lysis. After that samples were filtered
through nylon membrane filter 0.45 pm (Alltech). Extraction of microcystins and nodularin from water samples
(1.5 to 2.1) was performed by solid-phase extraction with Empore Extraction Disks C-18 (Varian). Toxins were
eluted with methanol. Eluates were dried by gentle stream of nitrogen, re-dissolved in 500 pl of 50% methanol
(v/v), filtered through 0.22 pm PTFE syringe filters (ALBET LabScience) and analyzed by HPLC.

Extraction of toxins from dried biomass was performed by ultrasonification of 40 to 60 mg biomass in 1 ml of
50% methanol (v/v). After centrifugation the methanolic extracts were filtered through 0.22 pm PTFE syringe
filters and analyzed by HPLC.

Analyses were performed by HPLC-DAD and HPLC-MS systems.

The HPLC-DAD system for quantitative and qualitative analyses includes Agilent 1200 Series coupled with
Diode Array Detector (Agilent Technologies). Toxins were analyzed on a Supelcosil ABZ + Plus column (150
mm x 4.6 mm, 5 um, Supelco). The binary gradient of mobile phase consisted of milli-Q water + 0.1% TFA (A)
and acetonitrile + 0.1% TFA (B) (linear increase from 20% B at 0 min to 46% B at 25 min and stop time 30
min), the flow rate was 1 ml/min, the temperature 25°C. Chromatograms at 238 nm were recorded and toxins
were identified by the retention time and characteristic UV absorption spectra from 200 to 300 nm.

The HPLC-MS system including Agilent 1200 Series coupled with HCT ultra ion trap detector (Bruker) was
used for confirmation of DAD results. Toxins were analyzed on a Supelco Analytical Ascentis C18 column (50
mm % 3 mm, 3 pm, Supelco). The binary gradient of mobile phase consisted of 99% Chromasolve water, 1%
acetonitrile + 0.1% formic acid (A) and acetonitrile + 0.1% formic acid (B) (linear increase from 25% B at 0 min
to 70% B at 5 min, 70% B to 6 min, 25% B at 6.1 min and stop time 10 min), the flow rate was 0.5 ml/min, the
temperature 40°C. Toxins were identified by Auto MS/MS mode.

Purified microcysin —LR, —RR, —YR, —LA and nodularin (stock concentration of 10 pg/ml, Abraxis) were
used as external standards.

3. Results and Discussion

During the study, presence of microcystins was proved for three of the five investigated water bodies. Their
concentrations are represented in Table 1.

The concentration of intra + extracellular microcystins in water samples ranged from 0.1 to 26.5 pg/l. The
amount of total microcystins in the biomasses ranged from 11.4 to 49.6 pg/g (d.w.). Three of the studied micro-
cystins (—RR, =YR, —LR) were found in Lake Dourankoulak in the reservoir Pchelina only microcystin-RR was
detected and in the reservoir Stoudena only microcystin-LR was identified. The results obtained from HPLC
DAD did not indicate presence of microcystin-LA and nodularin.

The LC-MS method shows m/z 995.7 at the retention time of microcystin-LR and m/z 1045.7 at the retention
time of microcystin-YR. According to Poon et al. [24] these m/z values are due to the [M+H]" protonated mo-
lecular ions of microcystin —LR and microcystin-YR respectively. At the retention time of microcystin-RR m/z
519.9 was found. Poon et al. describe this value with occurrence of [M+2H]*" double protonated ion as a result

448
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Table 1. Concentrations and detected by HPLC DAD structural variants of microcystins (intracellular + extracellular) in
Bulgarian lakes and reservoirs (d.w.: dry weight, n.d.: not detected).

Ne  Water source/sample type ~ Sampling date Taxa of Cyanoprokaryota found Biomass (mg/l) Microcystins
1 Stoudena Drinking water reservoir for the town Pernik
water 03/08/2011 Unidentified picoplankton 0.01 n.d.
water 28/09/2011 Raphidiopsismediterranea <0.001 —LR 0.1 (png/l)
2 Dourankoulak Lake for sport, fishing and recreation
Leptolyngbya foveolarum 0.011
Merismopedia hyalina 0.008
. . . —RR 12.7pg/l
Merismopedia tenuissima 0.002 YR 5.5ug/1
water 29/07/2011 Microcystis wesenbergii 6.873 oHE
. —LR 8.3ng/l
Pseudanabaena mucicola 0.118
(RR + YR + LR)/LR = 26.5/8.3
Chroococcus sp. <0.001
Unidentified colonial coccal cells 0.001
—RR 22.1 pg/gd.w.
. —YR-trace
biomass 29/07/2011
—LR 27.5 pg/gd.w.
(RR + LR)/LR =49.6/27.5.
3 Pchelina Reservoir for sport, fishing and recreation
Aphanizomenonsp. juv. 0097
water 03/08/2011 Unidentified non-heterocystous ’ ~RR 0.5 pg/l
0.007
filaments
biomass 03/08/2011 —RR 11.4 ng/gd.w.
Aphani . ster. 0.772
water 28/09/2011 PRATIZOMENONSP. SEE nd.
Planktolyngbyalimnetica <0.001
biomass 28/09/2011 n.d.
4 Vaya Lake for sport, fishing and recreation
Anabaenopsiselenkinii 2.919
Aphanizomenongracile 8.041
Cylindrospermopsisraciborskii 9.294
water 03/08/2011 Oscillatoriacf. simplicissima n.d.
Oscillatoriasp. <0.001
Unidentifiednon- 53.274
heterocystousfilaments 0318
biomass 03/08/2011 n.d.
5 Bistritsa Reservoir for sport, fishing and recreation
water 03/08/2011 Microcystiswesenbergii <0.001 n.d.
Anab, . 0.1
water 28/09/2011 nadaen spp
Aphanothece spp. <0.001
biomass 28/09/2011 n.d.

of the CID in-source area fragmentation of microcystin —RR molecular ion at m/z 1038.6 in capillary exit area.
The DAD results are qualitatively confirmed as follows: presence of microcystin —RR in water and biomass
samples of Lake Dourankoulak and reservoir Pchelina, presence of microcystin —LR in water and biomass sam-
ples in Lake Dourankoulak and in a water sample in the drinking water reservoir Stoudena, and presence of mi-
crocystin —YR in water and biomass samples of Lake Dourankoulak.

Results for the mountain drinking water reservoir Stoudena showed lack of toxins at first sampling but at the
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second date, 0.1 pg/l microcystin-LR was found (Table 1). In the microscopically studied samples from the
same date only Raphidiopsis mediterranea was found in small amounts (Table 1). This genus, recently sup-
posed to have close phylogenetic relationship and even congenetic origin with Cylindrospermopsis [25], is
known either for neurotoxin, or for the hepatotoxin production [3] [26]-[29]. The material studied is not enough
to make grounded conclusions for the eventual production of microcystins by this genus, since it could be sup-
posed that the microcystins found in Stoudena had been produced by cyanoprokaryote species belonging to oth-
er genera, which already had disappeared from the phytoplankton community, or remained there in neglible, in-
sufficient quantities.

The concentration of the toxin is 10 times lower than WHO limit of 1 pg/l. However, the fact that one of the
most toxic cyanotoxins has been detected in a drinking water reservoir, can serve as “alarm” and clearly shows
that this water body has to be studied and monitored in the future. In 2004 and 2005 microcystins were not
found there [8] [11], but it could be supposed that the high air and water temperatures combined with the ex-
tremely dry weather with unusual lack of rain between May and September 2011 lead to development of cyano-
prokaryotes, which before were not typical for this water body [16]. The other possible reason for the develop-
ment of this algal group could be searched in the worsening of the sanitary protection of the water basin (conta-
mination with nitrogen and phosphorous, data about which at present are unavailable), or in the combination of
both reasons. Therefore, taking into account the harmful effects of this toxin on human and animal health, we
strongly suggest that water quality should be controlled and in the nearest future appropriate steps for its im-
provement should be taken.

During this study the highest microcystin concentration was found in Dourankoulak Lake, where strong al-
gal bloom was observed and proved by classical light microscopic counts (Table 1). These concentrations are
lower when comparison with our previous results is made: four times lower than the concentration in 2004
(biomass) and eight times lower than the concentration detected in 2005 [8] [11] Table 1. The algological stu-
dies show permanent presence of potentially toxic cyanobacteria in this coastal wetland during the last 20 years
[5] [7] [30] and HPLC analysis gives data for microcystins —LR and —RR in 2004, 2005, 2011 and also —YR in
2005 and 2011. Nevertheless that in this survey the concentration of microcystin —LR in the water sample is
lower than maximum permissible level 20 pg/l for bathing water [3 1], this lake should be object of special mon-
itoring. It has susceptibility to eutrophication because of drastic change in its hydrological regime and agricul-
tural activities in the adjacent areas [5] [6] [9] [16].

Positive results were obtained also in the reservoir Pchelina where only microcystin —RR in water and bio-
mass from first sampling was found (Table 1). The bloom in this case was moderate. The state of the reservoir
was similar in 2005 when microcystins were not detected [8]. However, three microcystins were identified in
biomass in 2004 (RR + YR + LR)/LR = 4/1 [11]. These concentrations show that in certain conditions this re-
servoir may be hazardous for recreational use.

In Lake Vaya microcystins were not detected in 2011. The same was the situation in 2005, but in 2004 mi-
crocystins —RR, —YR and —LR were detected there with (RR + YR + LR)/LR ratio in biomass 4/1 [8] [11]. The
lack of microcystins is explainable by the species composition found in the lake at the time of sampling (Table
1) since the species found are well-known potential producers of other types of toxins (e.g.cylindrospermopsin).
In any case, the high microcystin concentration in 2004 and the presence of potential cyanotoxin producers on
the background of the strong algal blooms, observed since years in the lake [7] [16] [30] suggest the necessity of
continuous monitoring of Vaya and prove its inclusion in the Red List of Bulgarian wetlands in Critically En-
dangered category [31] [32].

Microcystins were not detected in water of the reservoir Bistritsa nor in 2011, neither in 2005. However, the
identification of extracellular microcystins in water sampled in 2004 ((RR + YR + LR)/LR = 2/1) also suggests
monitoring of the necessarily this reservoir for cyanotoxins [11]. Microcystins were not detected by HPLC in the
biomass sample too but LC/MS confirmation showed trace of microcystins. Taking into account that the species
found there was Microcystis wesenbergii which dominates the toxic Dourankoulak phytoplankton, we would
like to provide a short discussion on its toxic potential. M. wesenbergii was enlisted in the earliest lists of toxic
cyanoprokaryotes (e.g. [33]-[35]), and later one was included in the table of “confirmed toxin-producing species
of cyanobacteria” ([36], p. 616). Some recent studies demonstrated by molecular and chemical methods that M.
wesenbergii from Chinese waters did not produce microcystin [37]. This could be accepted at first glimpse as
contradiction with our results and with the data cited above. However, it should be regarded just in a opposite
way—as a support for previously expressed opinions that atoxigenic and toxigenic strains have been isolated not
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only from the same species from different sites but even from the same bloom (e.g. [36]). Toxicity not only va-
ries between strains, but between clones of the same strain [36] and citations there]. Additionally, the influence
of the environmental factors on toxin formation has been proved. For instance, a comparative study of 72 Fin-
nish lakes [38] demonstrated that higher phosphorus concentrations favoured hepatotoxic Microcystis blooms
(as it is generally the case of Dourankoulak [39]), whereas Anabaena blooms with unknown neurotoxicity were
associated with low phosphorus and high nitrate concentrations.

The detected concentrations in Bulgarian water bodies are close to the quantities reported from Turkey [40]—
0.06 to 24.2 pg/l, for Italy [41]—0.7 to 7.6 pg/l and for Poland [42]—the highest total microcystin concentration
6.7 pg/l in 2002. Recent surveys from Bulgarian neighborhood countries Serbia [43], Macedonia [44], Greece
[45] and Romania [46] also provide information on generally similar cyanobacterial blooms and clearly show
the recognition of the problem as a new health risk factor [47]. The results obtained in our survey showed that
MC-quantities are lower than amounts found in Czech Republic-up to 36 pg/l dissolved microcystins in water
bodies [48], Slovakia-up to 1445.5 pg/g d.w. in biomasses [49] and in Finland [50] [51]—the highest total cell
bound toxin concentration 42 pg/l.

Nevertheless of the fact that the recorded MC concentrations were lower in comparison with some other Eu-
ropean countries, the high percent of positive samples in which the most toxic microcystin-LR is recorded, can
serve as a strong alarm for the necessity of a serious study and relevant discussion of the problem with responsi-
ble authorities at national level. Observations of water bodies at risk and monitoring actions for limitation and
control of cyanobacterial toxic blooms are urgently needed, in combination with increased attention to the ef-
fects of cyanobacterial toxins on human health and health of aquatic ecosystems in Bulgaria.
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