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Abstract: In spite of substantial research on health and the ecological risks as-
sociated with cyanobacterial toxins in the past decades, the understanding of
the natural dynamics and variability of toxic cyanobacterial blooms is still li-
mited. Herein, the results of long term monitoring 1998—1999/2001-2008 of
three reservoirs (Vir, Brno and Nové Mlyny, Chech Republic), where toxic
blooms develop annually, are reported. These three reservoirs provide a unique
model because they are interconnected by the Svratka River, which alows pos-
sible transfer of phytoplankton as well as toxins from one reservoir to another.
The frequency of the occurrence and dominance of the major cyanobacteria
taxa Microcystis aeruginosa did not change during the investigated period but
substantial variability was observed in the composition of other phytoplankton.
Although absolute concentrations of the studied toxins (microcystins) differed
among the reservoirs, there were apparent parallel trends. For example, during
certain years, the microcystin concentrations were systematically elevated in all
three studied reservoirs. Furthermore, the concentration profiles in the three
sites were also correlated (parallel trends) within individual seasons based on
monthly sampling. Microcystin-LR, a variant for which the World Health Or-
ganization has recommended a guideline value, formed only about 30-50 % of
the total microcystins. Thisis of importance, especialy in the Vir reservoir that
serves as a drinking water supply. The maxima in the cell-bound microcystins
(intracellular; expressed per dry weight biomass) generally preceded the
maxima of total microcystins (expressed per volume of water sample). Overall,
the maximum concentration in the biomass (all three reservoirs, period 1993—
2005) was 6.1 mg gl dry weight and the median values were in the range
0.0652.3 mg gl dry weight. These are generally high concentrations in
comparison with both Czech Republic and worldwide reported data. The
present data revealed substantial variability of both toxic cyanobacteria and
their peptide toxins that should be reflected by detailed monitoring programs.
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INTRODUCTION

Anthropogenic contamination of surface waters with non-toxic nutrients (phos-
phorus and nitrogen) has resulted in massive cyanobacterial water blooms world-
wide. Especialy the production of cyanobacterial secondary metabolites (cyano-
toxins) has attracted the attention of both scientists and public health authorities,
since serious adverse health effects in both domestic animals and humans have
been reported.!

Microcystins (MCs), unusual cyclic heptapeptides produced by several plank-
tonic species of cyanobacteria, are the most frequently studied cyanotoxins. Based
on toxicological data, the World Health Organization (WHO) recommended a
provisional guideline value for MC-LR in drinking water of 1 pg L-1 (WHO,
1998). Preliminary surveys conducted in Europe (including the Czech Republic)
showed that cyanobacterial blooms occur in about 80 % of large reservoirs.2
About 90 % of the water blooms in the Czech Republic contained MCs (MC-LR,
the toxin considered by the WHO, was present in 98 % of the positive samples)
with median and maximum concentrations in the biomass of 0.7 and 5.8 mg g1
dry weight (dw), respectively.3 There are also some preliminary indications on
the occurrence of toxic cyanobacteria in less explored areas of South and East
Europe, e.g., Serbia4> However, to the best of our knowledge, the highly im-
portant issue of cyanobacteria toxins in surface waters and their impacts on eco-
system quality and the health of the population in this region have not yet at-
tracted sufficient scientific attention and remain to be explored in more detail.

In this paper, analyses of long-term data (1998—-2008) on toxic cyanobacteria
and their toxins in three large reservoirs, which are connected by ariver in the
region of South Moravia, the Czech Republic, are presented The Reservoir Vir
(the most upstream) serves as an important supply of drinking water for the city
of Brno (population 400,000), while other two reservoirs (Brno and Nové Mlyny)
were built to help regulate water regimes, and were supposed to be also used for
recreational purposes. The unique long-term data enabled the natural variability
in the occurrence of dominant toxic cyanobacteria and the levels of cyanotoxins
microcystins in these reservoirs to be studied, as there is a possible transfer of to-
xic blooms among reservoirs via the Svratka River (Fig. 1).

In spite of extensive research on the health and ecological risks associated
with cyanobacterial toxins, a general understanding of the natural dynamics and
variability of toxic cyanobacterial blooms is still limited. The presented analy-
tical data provide some new insights into the relationships between the concen-
trations of MCs and the dominant cyanobacteriain water blooms.
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Fig. 1. Map of the studied reservoirs in the Czech Republic (Vir, Brno and
Nové Mlyny) interconnected by the River Svratka.

EXPERIMENTAL

Samples

Samples were collected annually from the Reservoirs Vir, Brno and Nové Mlyny (Fig. 1)
during the vegetation seasons (during several seasons, repeated samplings were performed to
obtained a more detailed picture about the intra-seasona variation). The covered period in-
cludes the years 1998-2008; the results from the year 2000 are not presented as no monitoring
of the Brno Reservoir was performed this year. Water bloom samples were collected using a
plankton net (20 um diameter); they were stored frozen at —20 °C, freeze-dried and stored for
extraction and analyses by HPLC (described below). Samples of raw waters (for analyses of
total microcystins, ng L1) were collected from the upper water layers (=0.5 m depth) at each
locality and stored at —20 °C until analysed by Elisa. Detailed observations at the studied re-
servoirs were compared with the results of the National Monitoring Program in the Czech Re-
public, which was organized by the authors of this paper. The same methods of sampling and
microcystin analyses were employed for all samples.

Taxonomical determination

A portion of the cyanobacterial biomass collected in the plankton net was fixed with 4 %
(v/v) formaldehyde for taxonomical identification, and the dominant phytoplankton species
were identified and quantified according to current literature.5 For evaluation purposes, the
occurrence of each group of organisms was categorized according to their dominance.
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Elisa analyses (total microcystin content)

Prior to MCs determination, the samples were thawed, sonicated, centrifuged (10,000 g,
5 min) and the supernatant analysed for MCs by direct competitive Elisa according to Zeck et
al.” and as described in detail in a recent survey.8 Briefly, high protein binding microplates
(NUNC, Roskilde, Denmark) were pre-incubated with anti-mouse anti-Fc-1gG (ICN) follow-
ing incubation with monoclona antibodies developed against microcystin-LR (ALEXIS, Lau-
sen, Switzerland). To visualize the reaction, MC-LR conjugated with horseradish peroxidase
(HRP), prepared according to Zeck et al.” and TMB substrate (Sigma, Prague, Czech Repub-
lic), was used. The absorbance (420 nm with reference 660 nm) was determined using a
GENios microplate reader (Tecan, Mannerdorf, Switzerland). The samples were analyzed in
three replicates and compared with a 0.125-2 mg L1 calibration curve constructed using a
MC-LR standard (Alexis).
HPLC Analyses

Cyanobacterial blooms were extracted with 50 % methanol (100 mg dw mL"1), and
analysed as described previously® using an HPLC Agilent 1100 Series instrument (Agilent
Technologies, Waldbronn, Germany) on Supelcosil ABZ+ Plus, 150x4.6 mm, 5 pm column
(Supelco, Bellefonte, USA) at a temperature of 30 °C. The binary gradient mobile phase con-
sisted of (A) H,O + 0.1 % trifluoroacetic acid (TFA) and (B) acetonitrile + 0.1% TFA (linear
increase from 20 % B at 0 min to 59 % B at 30 min); the flow rate was 1 mL minl. The
chromatograms at 238 nm were recorded with an Agilent 1100 Series PDA detector (Agilent
Technologies) and the MCs were identified by the retention time and characteristic UV-
absorption spectra (200300 nm) of individual peaks. Quantification was based on external
calibrations of MC-RR, -YR and -LR.
Satistics

Relationships between the occurrence of phytoplankton and the concentrations of MCs
were evaluated by 2 in Statistica for Windows 8.0 (StatSoft, Tulsa, OK, USA); P-values less
than 0.05 were considered statistically significant.

RESULTS AND DISCUSSION

The concentrations of the cyanobacterial toxins microcystins in the three stu-
died reservoirs together with the summary statistics from the Czech National Mo-
nitoring Program are presented in Table I. As calculations of the arithmetic mean
are affected by the log-normal distribution (a few extreme concentrations), the
median values, as another statistical parameter, are also presented (Table I). The
concentrations of MCsin the dry biomass (expressed in ug g1 dry wt), which re-
flects the actual toxic potential of the respective water bloom (sum of the domi-
nant variants MC-LR, -RR, -YR is presented in Table 1) were also investigated.
Furthermore, the MC concentrations were aso analysed directly in the raw water
samples (ug L1), which corresponds to the total microcystin content. These va-
lues might be translated to the actual health risks resulting, for example, from
consumption of contaminated drinking water, etc.10.11

Regarding the water bloom biomass, detectable concentrations of microcys-
tins were found in all the collected biomass samples at the studied localities (no
values the detection limit). The median values ranged from 25 ug g1 dry weight
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(2006 — Nové Mlyny) up to more than 6000 ug g1 (1999 — Brno). The latter va-
lue from Brno Reservoir was the highest concentration determined in 1999 in the
al Czech National Monitoring Program (Table I). In general, very high micro-
cystin concentrations in the biomass were observed in the Vir Reservoir (see for
example the years 2003—2005), which is the drinking water supply for the city of
Brno with a population of about 400,000.

Table I. Summary statistics of microcystins concentrations in the reservoirs Vir, Brno and No-
vé Mlyny in 1998-2008 (N-number of samples, mean, median, maximum) in comparison with
the overall data from the Czech National Monitoring Program. Concentrations in biomass (mg
g™ d.w.) and total water concentrations (ug L™)

Czech Republic (total) Vir Reservoir Brno Reservoir Nové Mlyny Reservoir
Y ear Concentrationsin biomass, ug g d.w.

N Mean Med Max NMean Med Max N Mean Med Max N Mean Med Max
1998 21 452 98 37931 91 91 91 4 473 333 1130 2 157 157 289
1999 83 1049 588 6171 3 1914 2608 3134 14 1655 846 6171 9 1328 1315 2931
2001 43 979 830 3027 1 815 815 81.515 937 1090 1638 10 2087 2185 3027
2002 52 790 760 2438 2 1212 1212 152925 911 936 1371 2 818 818 1138
2003 84 505 318 3335 5 2075 2231333541 236 154 1109 11 807 716 1489
2004 210 534 348 3945 2 1528 1528 276024 627 597 1303 13 820 850 1797
2005 198 467 183 3673 2 2929 2929 321330 434 343 1291 5 751 616 2082
2006 151 395 153 3954 3 238 112 542 2 1129 11291354 1 249 249 249
2007 161 347 81 2759 3 318 250 955 3 324 341 632 7 872 176 2609
2008 98 422 51 3312 2 2566 2566 3312 3 202 77 528 6 1588 1496 2665

Concentrations in water, pug L™

2004 285 0.99 0.22 369 2 5.26 526 9.1856 0.81 0.15 4 12 121 103 263
2005229 0.74 0.2 187 1 0.62 062 0.6213 049 021 1.3 8 037 0.18 114
2006 208 1.29 05 248 3086 1271322 O 0O 0 3 05 019 117
2007 322 1.23 0.57 29.7 4 0.68 059 1.30 4 1.79 1.08 45 14 522 219 297
2008 197 1.05 03 2013040 0 12 2 038038049 5 285 149 94

The measured concentrations from the Czech Republic are comparable (and
in many cases higher) in comparison with literature data from Europe. For ex-
ample, the maximum reported from Poland was 1687 pg g—1.12 In Germany, the
maxima ranged from 1100pg g1 d.w. 13 to 5595ug g-1.14 The highest value of
2565 g g1 was detected during 1994-2000 in Greece.15 In Portugal, very high
concentration of microcystin, 7100 ug g1, was detected.16

The concentrations of microcystins in water samples (ug L1, analysed by
Elisa) were analysed in the years 2004-2008. When considering the national sta-
tistics, the mean values were in general about two-times higher than the median.
A similar trend was also observed at the three localities studied in detail. How-
ever, the differences were not highly pronounced with respect to the lower num-
ber of values. In some cases, concentrations above the WHO guideline value of 1
ug L—1 were observed (including the Vir Reservoir) but most of the values were
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lower even in the studied raw (untreated) water as also discussed el sewhere.10 On
the other hand, extreme concentrations (> 10 pg L—1) were observed in several
cases and the maximum value 29.7 ug L1, observed in Nové MIyny during 2007,
was the highest within the whole country.

The observed extreme concentrations (9-36 pg L—1) are comparable with
those given in the literature. For example, Zhang et al.17 reported a maximum of
8 ug L= in China during the 2002 season. Very high concentrations were found
in surface cyanobacterial scum in Germany18 (up to 120 pg L—1) and Algerial®
(711.8 ug L) but these represent a different type of sample and also a different
analytical method (protein-phosphatase assay inhibition) was employed?® than that
used in the present study. Lower maximum concentrations were reported from
Finland 0.21 pg L—1,20 where water blooms are often dominated by different cya-
nobacterial species than Microcystis sp., which is the most common in the Czech
Republic and Central Europe.10.8.21

As s apparent from Table I, there was no clear temporal trend in the micro-
cystin concentrations in the biomass (decrease or increase) during the studied years
in the studied localities, which might be attributed to specific environmental or
meteorological factors.22.23 During the present study, the summers of the years
1998, 20062007 were unusually cold, which might explain the lower incidence
of toxic cyanabacterial blooms as well as the decrease in the microcystin concen-
trationsin the biomass.2425

Detailed seasonal variations in both biomass-bound MCs (Fig. 2A) and MCs
in water (Fig. 2B) are shown in Fig. 2. Asis apparent, there was no uniform trend
within each of the investigated seasons. For the biomass concentrations (Fig. 2A),
there seemed to be an increase in the Vir and Nové Mlyny Reservoirs, but a
slight decrease during all the studied seasons was observed in Brno. On the other
hand, these trends were not in all cases confirmed by the MC concentrations in
water (Fig. 2B), where a slight increases could be observed also in the Brno re-
servoir (for example during 2004-2005). The observations at Vir and Nove Mly-
ny, in general, correspond to some previously published studies that demonstra-
ted an increase in the production of MCs in the biomass during the vegetation
season.26 On the other hand, some studies reported two peaks in the concen-
trations of MCs (early summer vs. end of the season).27:28

The observed differences might be related to the biochemistry of microcystin
production and its excretion, which are known to be influenced by a number of
environmental factors. For example, different seasonal profile of temperature and
other parameters can be expected in the Vir Reservoir, which is situated upstream
of the Svratka River in an area of highlands, while the other two reservoirs (Brno
and Nové Mlyny) are lowland reservoirs. MCs are mostly accumulated inside the
cyanobacteria cells, while extracellular (dissolved) toxins form usually up to 10 %
of the total MCs in water.18 However, at the end of the season — followi ng the
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collapse of the water bloom — the ratio of the extracellular MCs significantly in-
creases up to 96 % of the total content, as documented by Nasri et al.19 During
the short periods, dissolved MCs concentrations can rise to 100 pg L—1 and these
concentrations might remain in the water for several days to weeks.18 On the other
hand, M C bound to particul ate matter is known to be more rapidly degraded.20
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Fig. 2. Detailed seasonal variations in the concentrations of microcystin (MCs) in the biomass
(upper panel, concentrations in microgram per gram biomass dry weight) and water (bottom
panel, microgram per litre) in three reservairs (Vir, Brno, Nové Mlyny) during July,
August and September (7, 8, 9) of the years 2004-2008.

The present study, as well as literature data, indicates that under certain envi-
ronmental situation, high concentrations of MCs may be observed during all ve-
getation seasons, and this should be carefully considered during monitoring studies.
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In addition to the MCs concentrations, the composition of the water blooms
in the studied reservoirs was aso studied. In al three studied reservoirs, Micro-
cystis aeruginosa was the most dominant species, which also correspond to the
general situation in Central Europe.81213.21 However, during the studied period
(1998-2008), an increase in the occurrence of other species, such as Anabaena
sp., Aphanizomenon sp. or Planktothrix sp, were also observed. However, the issue
of the occurrence and toxicity of less-studied species, including the tropical Cylin-
drospermopsis raciborskii , in Europe will require further research attention.2®

CONCLUSIONS

The present report provides further insight into the occurrence and dynamics
of toxic cyanobacterial metabolites — microcystins. The analyses showed that the
appearance of dominant cyanobacteria taxa (M. aeruginosa) did not significantly
change during the investigated period but there was an increase in the occurrence
of other species belonging to genus Aphanizomenon, Anabaena and Planktothrix.
Although absolute concentrations of the studied toxins microcystins differed be-
tween the reservairs, there were apparent parallel trends. For example, during cer-
tain years, the microcystin concentrations were systematically elevated in al the
studied reservoirs. Furthermore, based on monthly sampling, the concentration pro-
filesin the three sites were also correlated (parallel trends) within individual sea-
sons. Microcystin-LR, a variant for which the WHO has recommended a guide-
line value, formed only about 30-50 % of the total microcystins. In addition, a shift
between the peaks of the cell-bound microcystins (expressed per biomass dry
weight) was determined that seemed to precede the maxima of microcystins in
water. The overall maximum toxin concentration in the biomass (all three reser-
voirs, period 1998-2008) was about 6000 microgram per gram dry weight with
median values ranging from 65 to 2300. The concentrations of MCs in the raw
waters only occasionally exceed the WHO limit of 1 microgram per litre but they
occurred throughout the season and cannot be easily predicted. In summary, the
obtained data revealed substantial variability of both toxic cyanobacteria and their
peptide toxins that should be reflected in detailed monitoring programs.
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IMPOCTOPHO-BPEMEHCKA BAPUJABUJIHOCT LIMJAHOBAKTEPUICKX OTPOBA
MUKPOIIMCTHUHA ¥V TP IIOBE3AHA PE3EPBOAPA CBEXE BOJIE

LUDEK BLAHA, LUCIE BLAHOVA, JIRi KOHOUTEK, ONDREJADAMOVSKY,
PAVEL BABICA and BLAHOSLAV MARSALEK

Masaryk University, Faculty of Science, Research Centre for Toxic Compounds in the Environment — RECETOX,
Kamenice 3, CZ62500 Brno « Institute of Botany, Academy of Sciences of the Czech Republic,
Lidick& 25/27, 657 20 Brno, Czech Republic

Vipkoc 3HaYajHOM OOMMY HCTpaKHMBama PU3HKA 110 3[PaBJbE M KUBOTHY CPEAMHY KOjH CY
MOBE3aHHU Ca IHMjaHOOAKTEPHjCKUM TOKCHHUMA TOCIECIBHUX ACLCHH]ja, CXBATalkhe MPUPOJHE IUHA-
MHKE U BapHjaOUITHOCTH TOKCHYHHX L[MjaHOOAKTEPHjCKHUX LBETakbha jOII yBEK je orpaHudeHo. OBie
Cy NPHKAa3aHHU PE3yJITaTH JyropodHor Monutopuara 1998-1999/2001-2008. tpu peseppoapa (Vir,
Brno u Nové Mlyny, PenyGuika Yenka) rie ce TOKCHYHA LBETamba jaBbajy cBake roguHe. OBu
pe3epBoapy Npe/CTaBibajy jeAMHCTBEH MOJIEN, 3aTO LITO Cy IOBe3aHH pekoM Svratka, mro omory-
haBa TpaHcdep ¢uTomIIaHKTOHA, Ka0 M TOKCHHA, M3Mely pe3epBoapa. OpexBeHNNja 110jaBIbHBabHA
u pomuHarmje BehuHckux Takcona Microcystis aeruginosa nuje ce mMemana TOKOM HCIHTHBAHOT
nepHo/ia, ajly 3HayajHa BapHjabMIIHOCT je youeHa y cacTaBy octaior ¢uromiankTona. Mako cy ce
arcoyTHE KOHIEHTpAIMje MPOyYaBaHUX TOKCHHA (MHKPOLMCTHHA) pa3iuKoBajie m3Mehy pesep-
BOapa, MapajesiHd TPEHAOBH Cy Owiu ouuriequd. Ha npumep, TOKOM HEKHX TOJWMHA, KOHLCHTPa-
L[1je MUKPOLIMCTHHA CY CHCTEMATCKU paciie y cBa TpH pe3epBoapa. OcuM Tora, KOHIICHTPALHOHH
npoduIK Ha CBE TPH JIOKaluje cy Takohe Omin kopenucanu (mapajeinHy TPEHI0BH) Y OKBHpY Hoje-
IUHAYHUX CE30Ha, Ha OCHOBY MECEYHHX y30pKOoBama. Mmukpouuctu-JIP, BapujanTta 3a kojy je
CBeTcka 3[paBCTBEHA OpraHU3allfja Mpenopydmia OKBHPHY pedepeHTHy BPEAHOCT, YMHHIA je
camo 30-50 % ykymHux MukponuctrHa. OBO je BaXXHO HAPOUMTO 32 pe3epBoap Vir, Koju ciryxu 3a
cHab/ieBambe MATKOM BOJOM. MakCHMyMH MHKpOIMCTHHA Be3aHuX 3a henuje (MHTpauenyiapHy,
U3paXKEHH 0 TEKHHHU CyBe OHOMAce) IeHEpajiHO ce jaBibajy IPEe MaKCHMyMa YKYIHHX MHKPO-
UCTHHA (M3paXKEHHX M0 3alPEeMUHHU Y30pKa Boje). OMIITH MaKCUMYM KOHLEHTpaluje y OHoMacu
(cBa Tpm pesepBoapa, meprog 1993-2005.) 6wo je 6,1 mg g TexuHe cyBe MaTepHje; BpeIHOCTH
Meaujase cy Guie y pacrony 0,065-2,3 mg gt rexune cyse mMarepuje. OIILTE y3€BILH, OBO Cy
BHCOKE KOHILEHTpauuje y nopehemy ca momaumma o0jaBibeHuM 3a PemyGuuky Yemiky u cBer.
Tomanm yka3yjy Ha 3HauajHy BapujabHIHOCT KaKO TOKCHYHHX I[MjaHOOAKTEepHja TaKO U FHHXOBUX
MENTUIHAX TOKCHHA, IITO OM Tpebasio 1a MMa ojpas3a Ha JeTajbHe IporpaMe MOHUTOPUHTA.

(TTpumsbeno 13. janyapa, pesuaupano 18. Gpebpyapa 2010)
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