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Abstract The aim of this study is to summarise the
determination of concentrations of microcystins (MCs)
in muscle and liver of freshwater fish species caught in
stagnant waters of the Czech Republic. Within the years
2007-2009, 351 muscle samples and 291 liver samples
of 16 freshwater fish species derived from four
fishponds, and four water reservoirs were analysed.
MCs were detected in 53 liver samples. The highest
concentrations of microcystins were determined in liver
samples of carnivorous fish species; 50.3 ng/g of fresh
weight (FW) in perch (Perca fluviatilis) and 22.7 ng/g
FW in pikeperch (Sander lucioperca). MCs in liver were
detected in other five fish species; asp (Aspius aspius),
pike (Esox lucius), common carp (Cyprinus carpio),
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grass carp (Ctenopharyngodon idella) and European eel
(Anguilla anguilla). Concentrations of MCs in liver of
nine fish species (European bream, whitefish, tench,
silver carp, European catfish, roach, chub, crucian carp
and rudd) were below the detection limit of 1.2-5.4 ng/g
FW for different MC congeners. However, the concen-
trations of MCs in all muscle samples were below the
detection limit. The assessment of MCs concentrations
might be influenced by the detection method used.
Due to the concentrations of MCs being below the
detection limit in muscle samples of all fish
species analysed, it seems that there might be a
low potential threat for human health in case of
fish muscle consumption.
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Introduction

Microcystins (MCs) are cyclic heptapeptides produced
by certain species of cyanobacteria being considered as
harmful. MCs are highly organ and cell specific, and in
vivo damage is mainly restricted to the liver, whereas
cellular in vitro studies showed that mostly hepatocytes
are affected by these cyanotoxins (Eriksson et al. 1990).
It is suggested that MCs could be taken up via the
transport system for bile acid (Eriksson et al. 1990);
however, they might be also detected in other organs such
as muscle, skin, intestinal epithelium etc. MCs are known
to covalently bound to protein serine/threonine phospha-
tases and cause their inhibition (Mackintosch et al. 1995).

Cyanotoxins have severe negative impacts on fishes
depending on the stage of development. They cause
malformations of embryos, changes in hatching periods
of fish larvae, and differences in haematological and
biochemical parameters (Malbrouck and Kestemont
2006). MCs might bioaccumulate in several aquatic
organisms, such as fish, molluscs and planktonic
invertebrates. The natural way of MCs intake by fishes
might be performed differently. Phytoplanktivorous fish
species take MCs in via consumption of toxic
cyanobacteria. Fish that do not actively feed on toxic
cyanobacteria might intake MCs via gill epithelium
and/or skin. Another indirect way to take MCs in, known
especially for carnivorous fish species, is via the food
chain. Oral exposure to cyanotoxins is considered to be
one of the most important one concerning natural
ecosystems (Ernst et al. 2001).

The highest cyanotoxin concentrations could be
expected in fish actively feeding on cyanobacterial
blooms; however, MC-LR concentration in
phytoplanktivorous fish species seems to be rather low.
Under natural conditions, higher concentrations of
cyanotoxins are recorded in tissues of carnivorous and
omnivorous fish species rather than of herbivorous ones
(Xie et al. 2005). Cyanotoxin intake is dependent on the
amount of total food intake containing cyanotoxins that
is substantially lower in the case of carnivorous fishes
compared to herbivorous fishes (Gkelis et al. 2006).
Differences in the morphology of digestive tracts among
carnivorous, omnivorous and herbivorous fish species
play also an important role for the intake and
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bioaccumulation of MCs (Fischer and Dietrich 2000).
Cyprinids as well as cichlids are known for the longer
intestine with larger area for potential MCs absorption
and subsequent bioaccumulation. However, several
studies in Chinese lakes revealed the highest concentra-
tions of MCs in carnivorous fishes (Xie et al. 2005). The
lower cyanotoxin intake in cyprinids is due to neutral to
alkaline pH levels in the digestive tract that is not as
efficient in disruption of cyanobacterial cell walls as acid
environments (Carbis et al. 1997). However, it seems
there is no clear and direct relation between the fish
species with different feeding strategies and cyanotoxin
concentrations measured in their tissues. The feeding
behaviour and the way of food digestion of different fish
species does not seem to be a concise indicator for
cyanotoxin accumulation (Ibelings and Chorus 2007).

Cyanotoxin concentrations present in fishes are
considerably dependent on the length of exposure to
cyanotoxins and therefore rather unpredictable. The study
using Tilapia rendalli showed certain dependency of
accumulation of MCs present in the cells of Microcystis
sp. and the intensity of food intake (Soares et al. 2004).

In general, it is very difficult to compare the results
obtained because the studies differ in cyanotoxin
concentrations, exposure time, intake or application of
cyanotoxins, and biotic and abiotic factors. Despite
differences in experimental designs using fish to
determine the fate of MCs in their bodies, the
bioaccumulation of MCs was recorded (Ibelings and
Chorus 2007).

Our study is concerned with the 3-year (2007-
2009) monitoring of MCs concentrations in liver and
muscle of freshwater fish species cultured in stagnant
waters of the Czech Republic. Muscle and liver tissues
were selected for analyses because they represent the
major target for microcystins (liver) and the main
edible part used for human consumption (muscle). In
total, 351 muscle samples and 291 liver samples were
analysed to determine potential MCs bioaccumulation
using 16 fish species.

Materials and methods

Characteristics of the area of interest and fish
sampling

Samples were collected at four fishponds and four
stratified reservoirs (see Fig. 1 and Tables 1 and 2).
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Fig. 1 Map of the Czech republic indicating positions of
sampling localities (black dots with no. /-8 in the central map)
with schematic presentations of individual ponds or reservoirs

The Sykovec and Medlov fishponds are eutrophic,
used for the semi-intensive fish production, and
fishing out takes place every year. The Novovesky
and Holna fishponds are designated for intensive fish
production being distinguished by hypertrophic level
of nutrients and also fished out yearly. Fish for all
analyses were taken on the first day of autumn, fishing
out from the following fishponds within the dates
mentioned: Medlov October 16, 2008, Sykovec
October 23, 2008, Novovesky November 20, 2008
and Holna October 24, 2009. Fish from the
Novovesky fishpond in 2007 were taken in ca 14-
day intervals during the vegetation period until the
fishing out took place (10.07., 24.07., 07.08., 20.08.,
06.09., 18.09., 02.10., 16.10.and 14.11.).

Selected reservoirs are mostly used as waterworks
reservoirs, only the Plumlov reservoir is designed as a
flood control and recreational reservoir being eutro-
phic. The Mostist¢ and Vir reservoirs are rather
mesotrophic to eutrophic, and the Karolinka reservoir
is mesotrophic. Trophic state of all reservoirs was
evaluated according to Wetzel (1983).

The fish community in reservoirs was sampled by a
standard method of electrofishing using BMA PLUS
electroshocker (Bednat Inc., Czech Republic) based
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(white dots indicate sampling points within each reservoirs or
pond, arrows water outlet from water bodies, scale bar
500 m)

on Honda Eu 20i gear (output pulsating DC 240—
300V, 2.5 A, frequency of pulses 50 Hz). The dates of
sampling were July 23, 2008 (Mostiste), August 24,
2008 (Karolinka), August 26, 2008 (Plumlov) and
September, 2008 (Vir).

Each fish taken for analyses was weighted, and
total body length was measured and afterwards killed.
All muscle and liver samples were stored at =79 °C
until analyses. Cyanobacterial biomass was collected
by plankton net, with mesh diameter of 40 pum and
kept frozen at —20 °C until analyses of MCs. Water
filtered by the plankton net was collected in the field
into glass bottles, transferred into laboratory (cooled at
4 °QC), filtered with glass fibre filter and then stored at
=79 °C until further processing and analyses of MCs.

Water quality analyses

Water samples for chemical analyses were taken into
plastic bottles from the depth of 0-35 cm. One
hundred milliliter of water sample was cooled down to
4 °C and transported to the laboratory, where the
taxonomic determination of cyanobacteria and algae
using light microscopy was performed. Further
1,000 ml of the water sample were also kept at 4 °C
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until the transportation to the laboratory, where the
chemical analyses of water was carried out. Water—
oxygen saturation, temperature, pH, conductivity and
water transparency were measured immediately on the
locality by CyberScan PCD 650 (Eutech Instruments,
USA). The transparency of water was assessed using a
Secchi disc. Ammonium ions (N-NH,) were deter-
mined by the indophenols method, nitrite nitrogen (N-
NO,) by the method using N-(1-naphthyl)-
ethylenediamine, nitrate nitrogen (N-NO;) by the
method using sodium salicylate, total nitrogen was
measured with dimethylphenol after transformation of
all nitrogen compounds into nitrate by Koroleff’s
method, total phosphorus by a method using ascorbic
acid and ammonium molybdenate and chemical
oxygen demand by the method using potassium
dichromate. All the chemical parameters described
were measured using the standards methods according
to APHA (1998). Cyanobacterial and algal biomass
was evaluated by chlorophyll-a concentrations using a
heated ethanol extraction (Lorenzen 1967).

Analyses of microcystins in water and cyanobacterial
biomass

Microcystins in cyanobacterial biomass and water
(Table 2) were analysed by HPLC (high-performance
liquid chromatography) as originally described by
Lawton et al. (1994). Analytical method was optimised
according to Babica et al. (2006). Extracts of lyophilized
biomass (50 % v/v methanol) or concentrated water
samples by SPE (SepPack C18 cartridges (Waters,
Millford, MA, USA)) were analysed with a HPLC
Agilent 1100 Series (Agilent Technologies, Waldbronn,
Germany) on a Supelcosil ABZ+Plus (length, 150 mm;
inner diameter, 4.6 mm; film thickness, 5 pm; Supelco,
Bellefonte, PA, USA) at 30 °C. Mobile phases consisted
of H,O0+0.1 % trifluoroacetic acid and acetonitrile+
0.1 % trifluoroacetic acid (linear increase during 0—
30 min from 20-59 % of acetonitrile, flow rate
1 mL/min). Chromatograms were recorded by an
Agilent 1100 Series photodiode-array detector. MCs
were identified by the retention time and characteristic
absorption spectra (200-300 nm, maximum at 238 nm).
Quantification was based on external calibrations of
three MC congeners (MC-LR, -RR and-YR). The
presence of other MC congeners was also monitored
qualitatively (presence of characteristic UV spectra).
However, other variants than MC-LR, -RR and -YR
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were present only as minor fraction (up to max 7 % of
total MC concentration in sample from Vir reservoir
based on the calibration curve for MC-LR).
Concentrations of minor MC variants are not present.

Fish tissue extractions and analyses of microcystins

The method of tissue extractions were performed by
methods described previously (Adamovsky et al. 2007).
Half a gramme of the fresh tissue was homogenised three
times with 3 ml of methanol, sonicated in an ultrasonic
bath for 30 min and centrifuged at 4,000xg for 10 min.
Supernatants were pooled and three times extracted with
1 mL of hexane to remove lipids (hexane layers were
discarded). The methanol extract was evaporated at 50 °C
and the residue dissolved in 300 uL of 50 % aqueous
methanol (v/v). LC-MS/MS analyses were performed
according to Kohoutek et al. (2010), with an Agilent
(Waldbronn, Germany) 1200 series HPLC (CI18
Supelcosil ABZ+Plus column at 30 °C). The mobile
phase consisted of 5 mM ammonium acetate in water,
pH 4 (solvent A) and acetonitrile (solvent B). The binary
pump gradient was as follows: 0—12.00 min, 3240 %
solvent B, linear increase; 12.01-20.00 min, 4042 %
solvent B, linear increase; 20.01-30.00 min, 90 % solvent
B. The flow rate was 0.4 mL/min. Twenty microlitres of
each sample was injected for the analysis. The mass
spectrometer was an Agilent Technologies (Waldbronn,
Germany) 6410 triple—quadripole mass spectrometer
with electrospray ionisation. Ions were detected in the
positive mode. The ionisation parameters were as
follows: capillary voltage, 5.5 kV; desolvation tempera-
ture, 350 °C; desolvation gas flow, 11 L/min. In SIM
mode, the following mass-to-charge ratio (m/z) were
monitored: MC-RR [M+2H]2+ 519.8, MC-YR [M+
H]+1,045.5, MC-LR [M+H]+995.5, MCRR-GSH [M+
2H]2+ 673.8, MC-LR-GSH [M+H]+1,302.5, MC-RR—
Cys [M+2H]2+ 580.8, MC-LR-Cys[M+H]+1,116.5.
The transitions from the protonated molecular ion to a
fragment of the amino acid (2S, 38, 8S, 9S)-3-amino-9-
methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic ac-
id (an unusual amino acid present only in microcystins
and related nodularins) at m/z 135.2 and a fragment at
m/z 127.1 were monitored in MRM mode. The collision
energies used for fragmentation were as follows: 50 V for
MC-RR and respective conjugates; 40 V for MC-YR and
MC-LR and respective conjugates). Quantification of
analytes was based on external standards of MC-RR,
MC-YR and MC-LR in a matrix (final extract of
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microcystin-free fish tissue). The mixture of microcystins
was added to the extract prior to analysis. The method
detection limit (MDL; per gramme of tissue, fresh
weight) was 1.2 ng/g (standard deviation (SD) of 5 %)
for MC-RR and 5.4 ng/g (SD=10 %) for MC-YR and
MC-LR in MRM mode. In SIM mode, the MDL was
3.0 ng/g (SD=5 %) for MC-RR and 2.7 ng/g (SD=7 %)
for MC-YR and MC-LR, respectively.

Results

Within the years 2007-2009, there were 351 muscle
and 291 liver samples analysed from 16 fish species
derived from four fishponds and four reservoirs. The
MCs concentration in all analysed muscle samples
was below the detection limit of 1.2-5.4 ng/g for
different MC congeners. MCs were detected in 53
liver samples (Table 3).

MCs were found only in fish from three monitored
reservoirs (Plumlov, Mostist¢ and Vir) and from the
Novovesky pond in 2008. Correspondingly to our
expectation, no MCs were detected in fishes from the
mesotrophic Karolinka reservoir. Fish tissue samples
derived from the fishponds showed no detectable MCs
concentration above the detection limit, with the exception
of fish liver from the Novovesky fishpond in 2008.

The highest concentrations of MCs were determined
in liver samples of carnivorous fish species such as perch

Table 3 Mean values of concentrations of microcystins (MCs)
and the range of min—max values expressed in ng/g of fresh
weight. The n/N ratio shows number of fish, whose liver

(Perca fluviatilis) and pikeperch (Sander lucioperca).
Almost a half (N=14) out of 30 liver samples of pike
perches derived from two fishponds, and two reservoirs
had the concentration of MCs above the detection limit.
MCs were detected in 14 out of 41 liver samples from
perches caught in three fishponds and two reservoirs
(Table 3). Ten liver samples of 14 asps (Aspius aspius)
taken from one fishpond and three reservoirs contained
MCs. Surprisingly, only five liver samples of common
carp (Cyprinus carpio) obtained from the Novovesky
fishpond in 2008 (out of 115 analysed in total) exceeded
the detection limit for MCs. No MCs in liver samples
being above the detection limit were found in nine fish
species: European bream (4Abramis brama) N=35,
whitefish (Coregonus maraena), N=20, tench (Tinca
tinca), N=16, silver carp (Hypophthalmichthys molitrix),
N=10, European catfish (Silurus glanis), N=10, roach
(Rutilus rutilus), N=7, chub (Leuciscus cephalus), N=4,
crucian carp (Carassius carassius), N=2 and rudd
(Scardinius erythropthalmus), N=2.

Discussion

In general, MCs are the most studied cyanotoxins, and
their concentrations detected in different fish tissues
have often been reported (Malbrouck and Kestemont
2006; Ibelings and Chorus 2007). Based on the results
published, it seems that the highest concentrations of

contained MCs above the detection limit of 1.2-5.4 ng/g, in all
fish analysed from given locality and year 2008 (Within the
years 2007 and 2009, no MCs were detected

Fish species mean values+SD (weight and total length)

(n/N) Concentrations of Locality and the year of sampling
MCs in liver

pikeperch (Sander lucioperca) (C) 938+537 g, 455480 mm
pikeperch (Sander lucioperca) (C) 900 g, 485 mm

pikeperch (Sander lucioperca) (C) 37759 g, 385+25 mm
perch (Perca fluviatilis) (C) 252+51 g, 271424 mm

perch (Perca fluviatilis) (C) 293+24 g, 284+6 mm

pike (Esox lucius) (C) 720 g, 445 mm

asp (Aspius aspius) (C) 538+103 g, 389+23 mm

asp (Aspius aspius) (C) 850 g, 485 mm

European eel (4nguilla anguilla) (C) 707 g, 737 mm

common carp (Cyprinus carpio) (O) 2974+225 g, 545+15 mm

grass carp (Ctenopharyngodon idella) (H) 1603£361 g, 520433 mm

10/10 15.81 (9.0-22.7)
1/1 585

34 9.79 (6.2-16.2)
10/10 22.69 (5.5-50.3)
4/4 857 (5.2-15.5)

NOVOVESKY (fishpond) 2008
MOSTISTE (reservoir) 2008
PLUMLOV (reservoir) 2008
VIR (reservoir) 2008
MOSTISTE (reservoir) 2008

1/1 6.48 PLUMLOV (reservoir) 2008
9/10  4.60 (1.1-9.5) NOVOVESKY (fishpond) 2008
/1 11.68 MOSTISTE (reservoir) 2008
/1 24 NOVOVESKY (fishpond) 2008

NOVOVESKY (fishpond) 2008
NOVOVESKY (fishpond) 2008

510  1.14 (0.5-1.8)
8/10 2.53 (1.0-6.1)

Food habits of individual fish species are indicated. C carnivorous, O omnivorous, // herbivorous
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MCs occur in liver and intestinal epithelium,
followed by kidneys and muscle. Cyanobacterial
toxins have been also found in other tissues such
as gonads, spleen and gall bladder (Mohamed et al.
2003; Xie et al. 2005; Chen et al. 2005, 2006;
Zhang et al. 2007).

The highest cyanotoxin concentrations have been
detected in the tissues of freshwater fish species that are
not intended to be used for consumption such as
intestinal epithelium. MCs in fish liver reached levels of
71.6 and 32.1 pg/g FW in tilapia (7. rendalli) and
87.4 ug/g FW in smelt (Osmerus eperlanus), respec-
tively, as indicated by Magalhaes et al. (2001) and
Ibelings et al. (2005). Attention concerning cyanotoxins
should be especially paid to fish muscle that is aimed for
market and human consumption. The highest values of
MCs 0f2.86 (Zhang etal. 2007) and 0.89 pg/g FW Chen
etal. 2007) were detected in the muscle samples of silver
carp (H. molitrix). In crucian carp (C. carassius),
concentrations reached up to 3.26 ug/g DW (Xie et al.
2005) and in common carp (C. carpio) up to 0.27 ug/g
DW (Xie et al. 2007). Lower concentrations of MCs
were detected in the muscle of carnivorous fish species,
where the maximum detected values were 0.035 ug/g
FW for rainbow trout (Wood et al. 2006) or 0.11 ug/g
DW for catfish (Gkelis et al. 2006). However, these
concentrations are the highest values so far published,
and in several cases, MCs are more than one order of
magnitude lower or even below the detection limits of
the methods used in the present study. The values of
MCs detected in liver were shown to be approximately
tenfold higher than concentrations in muscle
(Kozlowsky-Suzuki et al. 2012). The highest concen-
trations of MCs reported in fish so far were found in
smelt (Osmerus aperlanus) (Ibelings et al. 2005), tilapia
(Oreochromis niloticus), silver carp (Zhang et al. 2007;
Xie et al. 2005) and common carp (Xie et al. 2005).

The results concerning MCs determination in
different tissues of fish aquacultured in the Czech
Republic did not confirm such high concentrations as
reported previously by other authors. The highest
MCs concentrations measured in our previous study
using ELISA in liver of silver carp (0.226 pg/g) and
common carp (0.132 pg/g) after 9 weeks of exposure
to cyanobacterial blooms were tenfold higher than
those found in fish muscle (0.029 and 0.019 pg/g,
respectively) (Adamovsky et al. 2007). In comparison
to the results obtained by ELISA, concentrations of
MCs determined by LC-MS/MS were one magnitude
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lower. These differences might be due to a method of
MCs quantification used, as it was previously
discussed (Kohoutek et al. 2010). However, in the
study of Adamovsky et al. (2007), fish were kept
in cages during the experiment, having no chance
to escape from cyanobacterial water bloom,
whereas the present study addressed fish freely
swimming in lake and ponds, which could lead to
partial avoidance of the exposure to dense biomass
of cyanobacteria.

Measurement of MCs was performed during the
autumn fishing out, during which the densities of
cyanobacteria were already lower than during the high
season summer time, and MCs could have been
potentially depurated from fish tissues. Adamovsky et
al. (2007) showed relatively fast elimination of MCs
from fish tissues within 2 weeks after transfer of fish
into clear water without toxic cyanobacteria, with
half-life of MCs in silver carp being 0.7 day for
muscle and 3.5 days for liver.

The highest concentrations of MCs reported
previously were determined in tissue samples of fish
species derived from water bodies containing
Microcystis sp. (Magalhaes et al. 2001; Chen et al.
2006). This cyanobacterial genus has optimum living
conditions in stratified water bodies, with longer water
retention. Another cyanobacteria that have similar
ecological strategies such as the genus Microcystis
and produce MCs that resulted in MCs accumulation
in fish tissues is Dolichospermum (formerly
Anabaena) (Xie et al. 2005; Kagalou et al. 2008).
Accumulation of hepatotoxins was also measured in
fish species originating from shallow waters with
filamentous cyanobacterium Planktothrix aghardii
(formerly Oscillatoria aghardii) (Ibelings and
Chorus 2007; Amé et al. 2010). Published information
is scarce, so far reporting examples of accumulation of
MC:s in fish tissues derived from water bodies, where
cyanobacteria of genera Aphanizomenon, Limnothrix,
Anabaenopsis or Woronichinia were present.

It is interesting to compare the data of the
Novovesky fishpond between the years 2007 and
2008. Although there was similar density and
composition of fishes within both years, and phyto-
plankton species composition did not vary either, the
concentration of MCs in water and cyanobacterial
biomass was higher in 2007. However, in all 130 liver
samples of 6 fish species, the MCs levels were below
the detection limit. Additionally, part of these samples
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was taken within the whole vegetation period of 2007,
meaning the levels of MCs in water were higher than
those ones in autumn time of fishing out. On the other
hand, 33 out of 51 liver samples obtained in the year
of 2008 exceeded the detection limit of MCs. These
samples were taken during autumn, thus the fish were
exposed long enough to cyanotoxins, although the
concentrations of MCs in water have already been
lower than during the summer time of vegetation
period, and therefore no clear explanation exists why
MCs were detected only in 2008, despite the
conditions and exposure time to MCs were more or
less similar. The accumulation of MCs in fish tissues
seems to be rather unpredictable and depends on
several biotic as well as abiotic factors (Landsberg
2002; Ibelings and Chorus 2007).

Apart from carnivorous fish species derived from
different localities, the concentrations of MCs
exceeded the limit of detection in common carp and
silver carp derived from the Novovesky fish pond in
2008. These findings are in agreement with Xie et al.
(2005) because they detected also higher concentra-
tion of cyanotoxins in tissues of carnivorous fish
species than in herbivorous ones living in same
habitat. A possible explanation for a lower uptake of
cyanotoxins by cyprinids might be neutral to alkaline
pH level in their digestive tract (Carbis et al. 1997).
Our results show higher concentration of MCs in
carnivorous fish species such as pikeperch, perch, asp
and pike in comparison with herbivorous ones.
Interestingly, MCs were below the detection limit in
our single sample of European catfish (S. glanis). The
only case where MC-LR bioaccumulation in tissue of
European catfish so far was detected was in samples
derived from the lakes in Greece (Gkelis et al. 2000).
Low concentrations of MCs might be due to
biology of this fish species to live on the bottom
of water bodies, where the cyanobacerial biomass
does not reach as high concentrations as in the
upper layers of the water column. However, in our
study, we focused on fish from shallow fishponds,
where cyanobacterial biomass was abundant and
more or less homogenously distributed within the
water column, putting forward a hypothesis that an
effective biotransformation of MCs in European
catfish might take place, and therefore bioaccumu-
lation of MCs was not detected.

According to our results and based on the literature
published (Geis-Asteggiante et al. 2011), concentrations

of MCs in fish tissues are apparently dependent on the
analytical method used. The enzyme-linked immuno-
sorbent assay (ELISA) method seems to be less suitable
for quantification of MCs in animal tissues. Geis-
Asteggiante et al. (2011) and other authors (Ernst et al.
2005; Orr et al. 2003) suggested that unspecific matrix
effects could occur. The most precise measurement of
MCs in fish tissue are likely obtained using LC-MS/MS
(Kohoutek et al. 2010), and the results derived
from several studies using ELISA for quantifica-
tion of MCs (Adamovsky et al. 2007; Magalhaes et
al. 2001, 2003; Soares et al. 2004; Zhao et al.
2006; Gkelis et al. 2006; Kagalou et al. 2008;
Poste et al. 2011; Romo et al. 2012) have to be
considered as semiquantitative due to possible
cross-reactivities of antibodies with MCs and their
metabolites. Confirmation of the results by LC-
MS/MS is highly recommended.

Despite the potential accumulation of cyanotoxins
in different fish organs and tissues, our study indicated
that microcystin concentrations mostly do not reach
tolerable daily intake set by the World Health
Organisation. Therefore, risk by fish consumption
especially the most commonly used edible part, i.c.
muscle tissue seems to be low in the Czech Republic.
Concentrations of MCs found in tissues of freshwater
fish species derived from natural eutrophied water
bodies of the Czech Republic are at least one order of
magnitude lower compared to other values reported
from Chinese hypertrophic lakes (Xie et al. 2004;
Chen et al. 2006; Zhang et al. 2007). The highest
freshwater fish consumption in central Europe is
within the Christmas time, when fish from local
intensive aquacultural systems are consumed. These
fish are after fishing out placed for a couple of weeks
into clean water free of cyanobacterial blooms, where
the depuration of MCs from fish tissues takes place
(Adamovsky et al. 2007). The most endangered group
of consumers of fishes derived from the waters with
cyanobacterial blooms producing cyanotoxins are
probably anglers. According to studies from China,
the anglers may be chronically exposed to fish
containing cyanotoxins causing liver damage and
changes of biochemical parameters in their blood
(Chen et al. 2009). However, our results showed only
slight elevation of MCs detected entirely in liver tissue
of several fish species, and due to a lack of preference
for liver consumption, it seems to be only a low risk,
even for anglers in central Europe.

@ Springer
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