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Cyanobacteria are present in many aquatic ecosystems in Serbia. Lake Ludo$, a wetland area of international sig-
nificance and an important habitat for waterbirds, has become the subject of intense research interest because of
practically continuous blooming of cyanobacteria. Analyses of water samples indicated a deterioration of ecolog-
ical condition and water quality, and the presence of toxin-producing cyanobacteria (the most abundant
Limnothrix redekei, Pseudanabaena limnetica, Planktothrix agardhii and Microcystis spp.). Furthermore,
microcystins were detected in plants and animals from the lake: in macrophyte rhizomes (Phragmites communis,
Typha latifolia and Nymphaea elegans), and in the muscle, intestines, kidneys, gonads and gills of fish (Carassius
gibelio). Moreover, histopathological deleterious effects (liver, kidney, gills and intestines) and DNA damage
(liver and gills) were observed in fish. A potential treatment for the reduction of cyanobacterial populations
employing hydrogen peroxide was tested during this study. The treatment was not effective in laboratory tests
although further in-lake trials are needed to make final conclusions about the applicability of the method.
Based on our observations of the cyanobacterial populations and cyanotoxins in the water, as well as other
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aquatic organisms and, a survey of historical data on Lake Ludos, it can be concluded that the lake is continuously
in a poor ecological state. Conservation of the lake in order to protect the waterbirds (without urgent control of
eutrophication) actually endangers them and the rest of the biota in this wetland habitat, and possibly other eco-
systems. Thus, urgent measures for restoration are required, so that the preservation of this Ramsar site would be

meaningful.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Water is a fragile but crucial resource for humanity, and an essential
part of natural ecosystems and climate regulation. Due to economic ac-
tivities, human population growth and urbanization there has been a
general decline in water quality which has led the European Union to
develop and adopt the EU Water Framework Directive (WFD, 2000).
The goal of this directive is to achieve ‘good status’ (both ecological
and chemical) for all ground and surface waters in order to protect
human health, water supplies, natural ecosystems and biodiversity.
The quality indicators consist of biological (phytoplankton, aquatic
flora, benthic invertebrates, fish), hydromorphological and physico-
chemical factors. Further, good chemical status is understood as compli-
ance with all the relevant chemical quality standards.

Lake Ludos is one of the aquatic ecosystems protected as a nature re-
serve in Serbia since 1955, and since 1977 it has been on the list of wet-
lands of international importance, the so-called Ramsar List (Reis et al.,
2017). Therefore the stability and well-being of this ecosystem is of
great concern. The protected area is a habitat for endemic and relict
plant species including Orchis mascula (L.), Plantago schwarzenbergiana
(Schur.) and Tripolium pannonicum (Jacq.). There are also indigenous
fauna, especially birds, with some on the International Union of Conser-
vation of Nature (IUCN) Red list, namely white-headed duck Oxyura
leucocephala (Scopoli), ferruginous duck, Aythya nyroca (Giildenstddt),
and moustached warbler Acrocephalus melanopogon (Temminck)
(http://www.serbia.com/srpski/posetite-srbiju/prirodne-lepote/reke-i-
jezera/ludasko-jezero-specijalni-rezervat-prirode-star-milion-godina/).

Intense anthropogenic activities have been contributing to the dete-
rioration of Lake Ludo$ water quality, increasing biological production
and the quantity of sludge in the lake (Institute of Public Health,
Subotica, 2011, 2012). This development has resulted in a decline of
species diversity. Changes in water quality have also contributed to
the increase in the occurrence and abundance of cyanobacterial species
in Lake Ludo§ (Institute of Public Health, Subotica, 2011, 2012, 2013,
2014, 2015). Anthropogenic nutrient loading and climate change
(warming, altered rainfall) synergistically enhance cyanobacterial
blooms in aquatic ecosystems (Pearl and Paul, 2012), which could fur-
ther worsen this problem in the future.

The first scientific environmental investigation of Lake Ludo$ dates
back to the 1950s, however, more systematic research started in the
1970s (Table 1). Records show a continuous occurrence of
cyanobacteria since the 1970s, especially during the summer months
(Gajin et al., 1983; Brankovi¢ and Budakov, 1994; Brankovic et al.,
1998; Nemes$ and Matavulj, 2006; SvirCev et al., 2007; Filipovi¢ and
Obradovic, 2008).

One of the first reports from SeleSi (1981) recorded a bloom of
Microcystis aeruginosa Kiitzing in the 1970s. Similar observations were
made in the 1980s (Puki¢ et al.,, 1991a) and also in recent years
(Institute of Public Health, Subotica, 2015). In the 1990s blooms of
Aphanizomenon flos-aquae Ralfs ex Bornet & Flahault were observed
(Duli¢ and Mrki¢, 1999), as well as those of Anabaena flos-aquae
Brébisson ex Bornet & Flauhault and Anabaena spiroides Klebahn
(Duli¢, 2002; Selesi, 2006). After 2000, additional cyanobacterial species
bloomed in Lake Ludos, including Microcystis flos-aquae (Wittrock)
Kirchner, Microcystis wesenbergii (Komarek) Komarek ex Komarek,
Lyngbya limnetica Lemmermann, Planktothrix agardhii (Gomont) K.
Anagnostidis & J. Komarek (Simeunovi¢, 2009; Institute of Public

Health, Subotica, 2015), Microcystis viridis (A. Braun) Lemmermann,
and Pseudanabaena limnetica (Lemmermann) Komarek (Sedmak and
Svircev, 2011). Recently, two invasive species started to appear in the
lake: the potentially toxic tropical/subtropical cyanobacterium
Cylindrospermopsis raciborskii (Woloszynska) Seenayya & Subba Raju
(Institute of Public Health, Subotica, 2012, 2013, 2014, 2015) and
Sphaerospermopsis aphanizomenoides (Forti) Zapomelova, Jezberov4,
Hrouzek, Hisem, Rehdkova & Komarkova which has extended its distri-
bution in Serbia and appeared in the lake during 2014 (Jovanovic et al.,
2016).

Systematic research on water quality and on the abundance and
composition of the plankton community has shown that Lake Ludo§
was, and still is, in a perpetual eutrophic state (Dukic et al., 1991b;
Duli¢, 2002; Durdevic, 2007). As such, the lake supports extensive
cyanobacterial growth, and the formation of cyanobacterial blooms,
scums and mats. One of the detrimental outcomes of this phenomenon
is the production of cyanotoxins, secondary metabolites with diverse
structures and modes of toxicity.

Toxic cyanobacteria and their metabolites can present acute and
chronic health risks to plants, animals and humans (MacKintosh et al.,
1990; Falconer, 1998; Codd, 2000; Azevedo et al., 2002; Saqurane
et al.,, 2009; Svircev et al., 2009, 2015, 2016; Metcalf and Codd, 2012;
Drobacetal., 2011,2013,2017). Numerous animal and human intoxica-
tions reported worldwide have been causally-associated with
cyanobacteria (Kuiper-Goodman et al., 1999; Carmichael et al., 2001;
Soares et al., 2006; Stewart et al., 2008; Svircev et al., 2017a, 2017b).
In addition, there is a possibility of cyanotoxin accumulation in aquatic
organisms (Magalhdes et al., 2003; Sabatini et al., 2011; Romo et al.,
2012; Drobac et al., 2016) and their transport to the higher levels of
food webs, ultimately endangering animal and human health (Xie
et al., 2005; Mohamed and Al Shehri, 2009; Peng et al., 2010). The
most commonly encountered cyanotoxins are the microcystins (MCs)
(Chorus and Bartram, 1999; Codd et al., 2005). Moreover, while MCs
have long been recognized as potent tumour-promoters and hazards
to human health (Metcalf and Codd, 2012; SvirCev et al., 2013a,
2014a), they may also be potential carcinogens (Ito et al., 1997;
Hernandez et al., 2009; SvirCev et al., 2010; Gan et al., 2010; Zegura
et al., 2011). Investigations of cyanobacteria in aquatic ecosustems
show that MCs have been widely present in various waterbodies in
Serbia (SvirCev et al., 2014b, 2017c).

Lake Ludo$ has become a focus of cyanobacterial research because it
is almost constantly blooming, and in the same time the lake is impor-
tant as a Ramsar site. The aims of the present study were to: (1) assess
the eutrophic state of the water, determine the qualitative and quantita-
tive structure of the cyanobacterial community and compare them with
the summarized historicaly reported data on qualitative and quantita-
tive structure of the cyanobacterial community; (2) assess
cyanobacterial biomass toxicity and specific cyanotoxins in water sam-
ples by the Artemia salina bioassay, protein phosphatase inhibition (PPI)
and enzyme-linked immunosorbent assay (ELISA); (3) analyze the
presence of cyanotoxins in various tissues of aquatic plants and fish by
LC-MS/MS; (4) study possible cyanotoxin effects on fish tissues by his-
topathological examination and comet assay; (5) carry out a prelimi-
nary in vitro assessment of the efficiency of hydrogen peroxide in
decreasing the viability of cyanobacteria present in Lake Ludos; and
(6) discuss whether there is enough justification for the preservation
of such degraded aquatic ecosystems.
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Table 1
Historical overview of cyanobacterial occurrence and blooming since the 1970s in Lake Ludos.
Date Blooming* and dominant cyanobacteria Microcystins Other associated records Reference
(ug/Lin water)
1970-1981 Microcystis aeruginosa™ na. n.a Selesi, 1981
Aphanizomenon flos-aquae
Lyngbya limnetica
Oscillatoria tenuis
1971 Chroococcus minutus n.a. Eutrophic Futo, 1972
Merismopedia glanca
Microcystis flos-aquae
Oscillatoria limnetica
Oscillatoria planctonica
Oscillatoria tenuis
Anabaena spiroides
1981-1990 Microcystis aeruginosa* n.a. Chlorophyll a 17.94-255.80 mg/m>  Dukic et al., 1991b
Aphanizomenon flos-aquae* (mesopolytrophic)
Cyanobacteria (23%)
Xanthophyta (1.2%)
Pyrrophyta (1.2%)
Chrysophyta (1.2%)
Bacillariophyta (14.6%)
Euglenophyta (9.8%)
Chlorophyta (37.8%)
March-May 1992 Microcystis aeruginosa na. Phytoplankton: Brankovi¢ and Budakov, 1994
Oscillatoria tenuis Chlorophyta (44.9%)
Spirulina maior Bacillariophyta (26.3%)
Euglenophyta (11.9%)
Cyanophyta (11%)
Pyrrophyta (5.1%)
Xantophyta (0.8%)
May-October 1993 Anabaena flos-aquae na. Phytoplankton: Novak, 1994
Anabaena spiroides Chlorophyta (41.2%)
Aphanizomenon flos-aquae Cyanophyta (27.5%)
Holopedia irregularis Bacillariophyta (17.6%)
Lyngbya limnetica Euglenophyta (11.8%)
Merismopedia punctata Xantophyta (1.9%)
Microcystis aeruginosa
Microcystis flos-aquae
Microcystis minutissima
Nostoc commune
Oscillatoria chalybea
Oscillatoria putrida
Oscillatoria princeps
Oscillatoria tenuis
10th July 1996 Aphanizomenon flos-aquae* n.a. n.a. Sedmak and Svircev, 2011
20th August 1997 Aphanizomenon flos-aquae* n.a. n.a. Sedmak and Svircev, 2011
1998 Aphanizomenon flos-aquae* na. na. Duli¢ and Mrki¢, 1999
Oscillatoria chlorina
Microcystis aeruginosa
Microcystis flos-aquae
Anabaena flos-aquae
20th August 1998 Microcystis incerta n.a. n.a. Sedmak and Svircev, 2011
Microcystis aeruginosa
1997-2000 Microcystis aeruginosa* Chlorophyll a 50.7-77.4 mg/m> Duli¢, 2002
(north part of the lake) Microcystis flos-aquae* (eutrophic)
Merissimopedia tenuissima Lyngbya limnetica* Phytoplankton:
Oscillatoria chlorina Cyanobacteria (23.3%)
Oscillatoria tenuis Xanthophyta (0.6%)
Anabaena circinalis Pyrrophyta (0.6%)
Anabaena flos-aquae Bacillariophyta (24.6%)
Anabaena spiroides* Euglenophyta (9.8%)
Aphanizomenon flos-aquae* Chlorophyta (41.1%)
30th August 2000 Microcystis aeruginosa* na. na. Sedmak and Svircev, 2011
8th August 2002 Microcystis aeruginosa™ na. na. Sedmak and Svircev, 2011
1st September 2003 Microcystis viridis* n.a. n.a. Sedmak and Svircev, 2011
2005-2007 Anabaena circinalis PPI Chlorophyll a (mg/m?) Simeunovi¢, 2009
Anabaena flos-aquae 2005 2005

Anabaena planctonica
Anabaena spiroides
Aphanizomenon flos-aquae*
Aphanizomenon ovalisporum
Microcystis aeruginosa*
Microcystis flos-aquae*
Microcystis wesenbergii*
Oscillatoria sp.

Phormidium sp.

Summer: 80.59
Autumn: 362.68
2006

Winter: 4.21
Spring: 268.07
Summer: 603.61
Autumn: 176.30
2007

Winter: 144.87

Summer: 329.30
Autumn: 124.03
2006

Winter: 9.35
Spring: 224.28
Summer: 195.75
Autumn: 116.81
2007

Winter: 85.44

(continued on next page)
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Date Blooming™ and dominant cyanobacteria Microcystins Other associated records Reference
(ug/L in water)
Phormidium autumnale Spring: 238 Spring: 124.60
Planktothrix agardhii* Summer: 527.25 Summer: 213.60
Spirulina maxima Autumn: 55.81 Autumn: 224.28
6th June 2006 Microcystis flos-aquae* na. n.a. Sedmak and Svircev, 2011
Pseudanabaena limnetica*
May 2007 Anabaena spiroides™ 238 (PPI) n.a. Svircev et al., 2013b
September 2007 Microcystis sp.” 55.81 (PPI) n.a. Svircev et al., 2013b
2011-2012 Microcystis flos-aquae* 3.7.2011. n.a. World Bank Report DM 4307,
84.77 (ELISA) 2011;
29.3.2012.
15.35 (ELISA)
23.8.2012.
33.62 (ELISA)
2011 Anabaena sp. n.a. Chlorophyll a Institute of Public Health,
Lyngbya sp. 1.75 g/m? (highest in September) Subotica, 2011
Microcystis sp.
Oscillatoria sp.
2012 Anabaena sp. n.a. Chlorophyll a Institute of Public Health,
Anabaenaopsis sp. 1.40 g/m> (highest in August) Subotica, 2012
Cylindrospermopsis sp.
Lyngbya sp.
Microcystis sp.
Oscillatoria sp.
2013 Anabaena sp. na. Chlorophyll a Institute of Public Health,
Anabaenaopsis sp. 1.46 g/m> (highest in September) Subotica, 2013
Cylindrospermopsis sp.
Lyngbya sp.
Microcystis sp.
Oscillatoria sp.
Cylindrospermopsis raciborskii*
2014 Cylindrospermopsis sp. na. Chlorophyll a Institute of Public Health,
Lyngbya sp. 807 mg/m?> (highest in September Subotica, 2014
Microcystis sp. and October)
Oscillatoria sp.
Lyngbya limnetica
Microcystis aeruginosa
Oscillatoria putrida
Cylindrospermopsis raciborskii*
2014 spring Sphaerospermopsis aphanizomenoides n.a. n.a. Jovanovic et al., 2016
2015 Cylindrospermopsis sp. n.a. Chlorophyll a Institute of Public Health,
Lyngbya sp. 672 mg/m?> (highest in September Subotica, 2015
Microcystis sp. and October)

Oscillatoria sp.

Microcystis aeruginosa
Microcystis flos-aquae
Oscillatoria agardhii*
Oscillatoria putrida

Lyngbya limnetica
Cylindrospermopsis raciborskii

n.a. - not analyzed; PPI - protein phosphatase inhibition assay; ELISA- enzyme-linked immunosorbent assay.

2. Materials and methods
2.1. Sampling site

Ludas or Lake Ludos is a shallow lake in the province of Vojvodina in
northern Serbia, near the city of Subotica. The alluvial basin of Lake
Ludos is located in the sandy terrain between the Danube and the Tisa
rivers, at the borderline of the Backa loess plateau. The lake is 4.5 km
long and covers 328 ha. The low and wide northern coast of the lake is
swampy, while the narrow southern coast is submerged into loess.
The lake is supplied with water from aquifers, from the Kere$ River,
and since 1981 with partially purified water from Lake Pali¢ via the
Pali¢-Ludo$ channel. The maximum depth of the lake is 2.25 m, al-
though in most places the depth does not exceed 1 m. Shallow water
may be frozen for more than three months a year, and in the summer
the water temperature may rise up to 30 °C.

Water samples were collected from the surface water layer within
the littoral zone (pier next to the visitor center) (46°06’12.0"N
019°49’17.3"E) and from the center of the lake (46°06’01.5”"N 019°49’

19.8"E) during 2011 (July and August) and 2012 (March and August).
Whole aquatic plants were sampled using knife in March 2012 from
the center of the lake (water lilies) and the pier (reed and cattail), and
fish samples were collected with gillnets of various mesh sizes and a
standard electrofishing device in July 2011 and March 2012 from the
center of the lake. For the hydrogen peroxide in vitro experiments, a
water sample was taken from the pier in July 2014.

2.2. Cyanobacterial assessment

2.2.1. Chlorophyll a analyses

Water samples were collected for Chlorophyll a determination from
a depth of 0.3 m and concentrated by filtering 0.2 L of water through a
0.45 um membrane filter. Chlorophyll a was extracted with 90% acetone
at 4 °Cin darkness overnight. The extracts were centrifuged at 1500 xg
for 10 min and the Chlorophyll a concentration in the supernatant was
measured spectrophotometrically (APHA, 1995). Measurements were
done in duplicate and the results are expressed as means. Trophic
state determination was assessed according to Felfoldy (1980).
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2.2.2. Qualitative and quantitative analyses of cyanobacteria

For the analysis of the phytoplankton community, about 1 L of water
was collected from a depth of 0.3 m. The samples were collected by
sweeping the plankton net (netframe 25 cm @, net mesh 22 um) from
the lake bottom to the surface and samples were transferred to the lab-
oratory within 6 h from the sampling time and kept cool in the dark. Se-
lected samples were preserved in a 4% (v/v) solution of formaldehyde
according to the European standard EN 15204 (EN 15204, 2006). Taxo-
nomic identifications of cyanobacteria were made according to widely
used taxonomic keys (Komarek, 2013; Komarek and Anagnostidis,
1998, 2005). Quantitative analyses of phytoplankton were done using
the Utermdhl method (Utermdhl, 1958) with a Leica inverted micro-
scope and observations of taxa expressed as the number of cells per mL.

2.3. Toxicity and cyanotoxin assessment

2.3.1. Artemia salina bioassay of water samples

In order to distinguish between the potential intracellular versus ex-
tracellular content of cyanotoxins, 100 mL water samples were filtered
and the extracellular fraction (filtrate) was stored at 4 °C until further
analysis. The filters retaining cyanobacterial biomass (intracellular frac-
tion) were dried overnight at 28 °C. The next day, 75% methanol
(MeOH) was used to extract cyanotoxins for 24 h. The extracted filters
were then ultrasonicated and centrifuged. Supernatants were stored
at 4 °C until further analysis.

The toxicity of water samples was assessed using Artemia salina (L.)
larvae according to Kiviranta et al. (1991). Artemia salina was grown in
ASW medium (Artificial Sea Water), illuminated and gently sparged
with air. 0.6 g of dried brine shrimp eggs were added to 100 mL sterile
medium and incubated at 30 °C, under illumination for 24-36 h. For tox-
icity tests, 96-well microtiter plates were used. Samples prepared with
MeOH were evaporated overnight to remove the MeOH, and the aque-
ous residues of the samples were used the next day. About 20 larvae
were transferred to one microtiter plate well and then incubated with
the cyanobacterial extracts for 24 h under low ambient light at 30 °C.
ASW with Artemia salina was used as a control, and as a further control,
75% (v/v) evaporated MeOH in ASW with Artemia salina was used,
showing a mortality below 5%. Mortality was recorded after 24 h and
the surviving animals were killed by the addition of 100 pL of MeOH
to each well and counted. Toxicity was expressed as the percentage of
dead larvae minus the mortality in control samples. Triplicate aliquots
of each sample were analyzed.

2.3.2. Protein phosphatase 1 inhibition assay (PPI) of water samples

An optimized method (Simeunovi¢, 2009) derived from An and
Carmichael (1994) was used for MC detection in water samples. The ap-
plied method is a colorimetric assay of the inhibition of protein phos-
phatase 1. The detection of MCs was performed in three replicates and
the results were expressed as mean values.

2.3.3. Enzyme-linked immunosorbent assay (ELISA) in water samples
Water samples were freeze-thawed and ultrasonicated in order to
ensure the release of cyanobacterial intracellular contents including
cyanotoxins, if present. Samples were then centrifuged (NF 800 R,
Niive, Turkey) at 2348 xg for 15 min, and the supernatants used for
cyanotoxin detection. Two ELISAs were used for analyses:
microcystins-ADDA and saxitoxin. The Abraxis Microcystins-ADDA
ELISA (Microcystin/Nodularin ADDA ELISA, Abraxis, USA) is an immu-
noassay for the quantitative congener-independent detection of MCs
and nodularin (NOD). This kit also responds to a range of MC detoxica-
tion products (Metcalf et al., 2002). The Saxitoxin ELISA (Saxitoxin
(PSP) ELISA, Abraxis, USA) is an immunoassay for the quantitative de-
tection of saxitoxins (STXs). The ELISA plates were read using a micro-
plate reader (Asys Expert Plus UV, Biochrom, UK). According to the
ELISA kit manufacturer, the detection range for the microcystins-

ADDA ELISA assay, based on MC-LR, was from 0.10 to 5 ppb (ug/L),
and for STX from 0.015 to 0.4 ppb (pg/L).

2.34. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) of
plant tissue samples

Samples of different tissues (rhizome, shoot, mature leaves and
flowers) from reed Phragmites communis (Cav.) Trin. ex Steud., cattail
Typha latifolia L., royal blue water lily Nymphaea elegans Hook. and yel-
low water lily Nuphar luteum L. were analyzed by LC-MS/MS.

The tissues were prepared by adding from 5 to 20 mL of 100% MeOH
to 3-5 g wet weight of plant material for 24 h. The samples were soni-
cated in an ultrasonic bath for 15 min at room temperature and then
clarified by centrifugation. The supernatants were separated and evap-
orated under nitrogen flow at 40 °C. The dried samples were dissolved
in 0.5-1 mL 20% MeOH, ultrasonicated for 5 min and filtered through
0.2 um PVDF syringe filters. The prepared extracts were analyzed by
LC-MS/MS (Zervou et al., 2017). Standards of 12 MC variants ((D-
Asp?)-MC-RR, MC-RR, MC-YR, MC-HtyR, (D-Asp®)-MC-LR, MC-LR, MC-
HilR, MC-WR, MC-LA, MC-LY, MC-LW and MC-LF), nodularin,
anatoxin-a, cylindrospermopsin and phenylalanine-d5 were used for
the detection of cyanotoxins in plant tissues.

2.3.5. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) of
fish tissue samples

Prussian carp Carassius gibelio (Block) from Lake Ludo$ was used for
cyanotoxin detection in fish liver, gills, kidney, intestine, gonads, heart,
spleen and muscle samples by LC-MS/MS. 12 individuals (TL:24.01 +
1.99 cm, SL:19.38 + 2.39 cm, W:197.91 4 13.56 g) in 2011, and 7
(TL:19.24 4 4.56 cm, SL:15.87 + 3.5 cm, W:132.14 + 51.02 g) in 2012
were sampled.

Freeze-dried fish tissue samples (400 mg) were placed into glass
tubes and 3 mL of 100% MeOH was added. Ultrasonication was carried
out four times for 30 min. After each treatment, the supernatant was
decanted into plastic tubes and then centrifuged for 10 min at 3300
xg. The supernatants were placed in glass vials (40 mL), 6 mL of hexane
added to extract lipids, and placed in a shaker for 15 min. The layers of
hexane were removed with glass Pasteur pipettes. The samples were
evaporated, and 5 mL 10% MeOH was added into samples which were
ultrasonicated in a waterbath for 15 min. Cartridges (Waters HLB Car-
tridge, 200 mg) were used for cleaning of the samples. The elution of
processed cartridges was done with 3 mL of 100% MeOH. The samples
were placed into glass tubes, evaporated, dissolved with 200 pL of 75%
MeOH and vortexed for about 30 s to 1 min. Subsequently, they were fil-
tered (0.2 pm GHP ACRODISC 13 PALL Corporation) and centrifuged for
10 min at 10,000 xg. Supernatants were then diluted ten-fold with 75%
MeOH to ensure good dissolution of the analytes and to avoid problems
with ion suppression in the MS instrument.

For the identification of MCs, two reference samples were used:
cyanobacterial extract from Microcystis NIES-107 (National Institute
for Environmental Studies, Tsukuba, Japan) which included dm-MC-
RR MC-RR, dm-MC-YR, MC-YR, dm-MC-LR and MC-LR variants
(Meriluoto et al., 2004), and an extract from Microcystis PCC 7820
(Institut Pasteur, Paris, France) which contained MC-LR, MC-LY, MC-
LW and MC-LF (Lawton et al., 1994). MCs were extracted according to
Meriluoto and Spoof (2005a, 2005b). The extracts were dissolved in
75% MeOH and diluted to appropriate concentrations for analysis.

The instrument consisted of an Agilent 1290 Infinity Binary LC sys-
tem (Agilent Technologies) coupled to an Agilent 6460 triple-
quadrupole mass spectrometer. The toxins were quantified on a Supelco
(Bellefonte, USA) Ascentis C18 HPLC column; 50 mm x 3 mm LD., 3 um
particles, protected by a 4 x 2 mm C8 guard column. The mobile phase
consisted of solvents A: 99% water - 1% acetonitrile - 0.1% formic acid
and B: acetonitrile - 0.1% formic acid (Fluka, Switzerland). Data acquisi-
tion was done with MassHunter Quantitative Data Analysis Software
(Agilent Technologies). For tissue samples the amount of MCs was cal-
culated and reported as ng of toxin variant per mg dry weight of tissue.
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2.4. Effects of the cyanobacterial bloom on fish tissues

2.4.1. Fish histopathology

A total of 16 individuals of Prussian carp (TL: 24.26 + 1.87 cm, W:
204.37 4 24.99 g) were caught. Liver, gill, kidney, spleen, intestine,
heart, gonad and muscle tissues of the fish were sampled and fixed in
4% formaldehyde. The samples were processed by a standard histologi-
cal procedure (Humason, 1979). Five um-thin sections were cut and
placed onto glass slides which were stained using standard
haematoxylin and eosin (H&E) technique. Sections were examined
under a Primo Star light microscope (Carl Zeiss, Germany) and
photographed with an AxioCam MRc 5 digital camera (Carl Zeiss,
Germany).

2.4.2. Comet assay

Four specimens of Prussian carp (TL: 22.63 + 0.75 cm, W: 183.25 +
18.55 g) were used in this assay. Prior to blood collection fish were anes-
thetized in clove oil solution, than sacrificed by overdosing by clove oil
and dissected for tissue sampling. Blood was collected with a syringe di-
rectly from the heart and added to microtubes with 0.5 mL cooled
Heparin-PBS (phosphate-buffered saline) solution to prevent clotting.
Liver and gills were obtained after dissection and each organ was ex-
cised and chopped separately 10 times in 0.2 mL of HBSS (Hank's Bal-
anced Salt Solution) using two scalpel blades in a scissor-like
movement in a Petri dish, washed off gently into a 15 mL centrifuge
tube with a further 2.5 mL HBSS and 0.3 mL of trypsin (final conc.
0.05%). The contents were gently shaken for 10 min at room tempera-
ture, after which 10 mL of HBSS was added and the suspensions passed
through a sieve to remove any large fragments that remained. After cen-
trifugation (475 xg for 10 min), the supernatants were discarded and
the pellets carefully resuspended in 0.5 mL of HBSS.

The alkaline comet assay procedure was performed according to
Singh et al. (1988) with some modifications (Sunjog et al., 2016). Micro-
scope slides were precoated with two layers of 1% NMP (Normal Melt-
ing Point) agarose after which 30 mL of cell pellet suspension was
gently mixed with 70 mL of 1% LMP (Low Melting Point) agarose and pi-
petted on the supportive layer of 1% NMP agarose. Slides were then
placed into cold lysis buffer for 1 h. To allow DNA unwinding, slides
were put into the electrophoresis chamber containing cold alkaline
electrophoresis buffer for 20 min. Electrophoresis was performed at
0.75 V/cm at 4 °C for 20 min. After electrophoresis, slides were placed
into freshly made neutralizing buffer for 15 min. Staining was per-
formed with 20 L per slide of EtBr (2 pg/mL). Microscopic images of
comets were scored using Comet IV Computer Software (Perceptive In-
struments, UK). Images of 50 cells were captured from each slide per
sample and among the parameters available for analyses the Tail Inten-
sity (TI) and Olive Tail Moment (OTM) were chosen as parameters to as-
sess the DNA damage. Values and observations from several other
studies, not including cyanobacteria or cyanotoxins, were used as con-
trol (Velma and Tchounwou, 2013; Zhao et al., 2015; Sunjog et al.,
2016).

2.5. Hydrogen peroxide treatment of water in vitro

The Chlorophyll a content was determined at the beginning of the
hydrogen peroxide experiments in order to estimate the initial amount
of phytoplankton biomass used in the experiments. 100 mL samples
were filtered on Whatman (Maidstone, UK) GF/C glassfibre filters
(pore size 1.2 um) and the pigment extraction was performed with
3 mL 100% MeOH in darkness at 4 °C, followed by ultrasonication, cen-
trifugation (1400 xg, 10 min) and spectrophotometric reading (Nicolet
Evolution 100, Thermo Electric Corporation, UK) of absorbance at
663 nm (Mackinney, 1941). The measurements were performed in trip-
licate and the result is expressed as the mean value.

Hydrogen peroxide (H,0,) treatment of lake water samples was
performed under laboratory conditions. The water was divided into

5 L incubation flasks and kept at ambient room light and temperature.
H,0, was obtained from Grund d.o.o. (Irig, Serbia). The stock H,0,
(35% w/w) was pre-diluted with lake water and added at appropriate
quantities to achieve the following desired concentrations of H,O5 in
the incubation flasks: 0 mg/L (control), 2 mg/L, 5 mg/L and 20 mg/L.
The water was mixed prior to sampling. Three parallel 100 mL sub-
samples for each concentration and timepoint (0 h, 12 h, 48 h) were fil-
tered on glassfibre filters and used for the quantitative analysis of cell-
bound MCs.

Further, 50 mL samples were taken to observe the influence of hy-
drogen peroxide on the cyanobacterial colonies and filaments. The sam-
ples were fixed by adding 1% (0.5 mL) of acidified Lugol's iodine.
Cyanobacterial abundance and morphological changes, as a conse-
quence of exposure to different hydrogen peroxide concentrations,
were assessed by microscopic observation (Olympus BX 51) at x200
and x400 magnification. Microphotographs were taken using an Olym-
pus DP 26-DKTB digital camera and processed with Olympus cellSens
Entery CS-EN-V1,7 software. Six microscope view-fields of precipitated
biomass were examined for each sample.

2.5.1. Extraction of filters from hydrogen peroxide experiments for MC
analysis

The filters were air-dried, frozen and lyophilized, then extracted
with 3 mL of 75% MeOH in borosilicate glass tubes in an ultrasonic
bath (Bandelin RK 156, Germany) for 15 min. Extraction was further en-
hanced by probe ultrasonication for 1 min (Bandelin Sonopuls HD 2070
with a 3 mm microtip probe, 30% pulse, 30% energy). The samples of the
extracts (1.5 mL) were then centrifuged for 15 min at 10,000 xg. Super-
natants (1 mL) were then evaporated to dryness at 50 °C under nitrogen
gas. The dry residues were re-dissolved in 300 pL 75% MeOH and the
samples filtered into chromatographic inserts using Pall Corporation
(Port Washington, USA) 0.2 um GHP Acrodisc 13 filters. The LC-MS/
MS for MC detection was the same as used for fish tissues.

3. Results
3.1. Cyanobacterial presence and toxicity

Several analyses on Lake Ludo$ water samples were performed, in-
cluding Chlorophyll a quantification to determine the trophic status of
the water (Felfoldy, 1980), bioassay using Artemia salina to assess the
intracellular and extracellular toxicity, PPI assay (MC-LR equiv.) and
ELISA assays (MC/NOD and STX) to detect and quantify cyanotoxins.
Furthermore, concentrations of MC variants (MC-LR, -dmLR, -LY, -LW,
-LF, -RR, -dmRR, -YR, and -dmYR) were analyzed in various fish tissue
samples of Prussian carp from Lake Ludo$ by LC-MS/MS (Table 2).

According to the Chlorophyll a concentrations in 2011, the trophic
state of Lake Ludo$ was highly eutrophic. The highest concentration of
Chlorophyll a was recorded in biomass from the pier in July 2011. A
high mortality rate of Artemia salina was also found in bioassays of the
July 2011 water samples (intracellular), while in August a very low mor-
tality rate was recorded. The toxicity of extracellular content overall was
very low in both sampling periods. The PPI assay indicated that very low
concentrations of MC-LR equivalents occurred extracellularly (i.e. dis-
solved in the water phase). The highest intracellular MC concentration
was detected in the biomass of the water sample taken in July 2011.
MC concentrations indicated by the ADDA ELISA kit were similar to
those indicated by PPI assay in water samples from the same period,
with the highest concentrations recorded in the biomass from July
2011. Only two MC variants (MC-LR and MC-RR) were found using
LC-MS/MS in the fish tissue samples from Lake Ludos, and the highest
concentration was detected in the gills of Prussian carp.

Research on the lake continued in the following year. In the spring of
2012 seven cyanobacterial species/genera were found in the bloom ma-
terial (Table 3). The dominant cyanobacteria were Limnothrix redekei
(van Goor) Meffert and Pseudanabaena limnetica.
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Table 2

Chlorophyll g, toxicity assessment by bioassay, and cyanotoxin analysis of Lake Ludo$ water and fish samples in 2011.
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Location and date Chlorophyll a Bioassay A. PPI assay water samples ELISA water samples (pg/L) LC-MS/MS fish tissues
salina (%)° (ug MC-LR equiv./L) (ng/g dw)

Conc. Chl a (mg/m?) Trophic state® IC EC IC EC Risk level® Total MC/NOD Total STX MC-RR MC-LR
3rd July 2011
Pier 1 190 EPT 95 5 828 1.1 H 119 0.03 na. na.
Pier 2 87 ET 100 10 218 30.8 H 43 0.03 n.a. na.
Pier 3 61 ET 225 5 120 13 H n.a. n.a. n.a. n.a.
17th August 2011
Pier 37 MET 5.6 0 184 15 M 8.2 0.04 0.06 MU 0.271
Center 52 ET 4.2 35 6.5 1.8 L 39 0.04 025G

IC-intracellular, EC-extracellular; dw-dry weight; EPT-Eu-polytrophic, ET-eutrophic, MET-Meso-eutrophic; H-high, M-medium, L-low; n.a.-not analyzed; MU-muscle, G-gills, I-intestine.

2 Trophic state according to Felfoldy (1980).
b Control was 0%, and results are presented as mean values.
€ Risk level-water for recreation (WHO, 1998).

Cyanobacterial taxa constituted 33% of the total phytoplankton, the
remainder were Chlorophyta (47%), Bacillariophyta (11%), Euglenophyta
(5.6%), and Chromophyta (2.8%), however, Cyanobacterial taxa were the
most abundant. Other analyses from 2012 included ELISA on water
samples, as well as LC-MS/MS analyses of plant and fish tissues for the
presence of cyanotoxins (Table 4).

MC/NOD ADDA ELISA results of water samples during 2012 showed
very low concentrations of MCs and/or MC-detoxification products in
the spring, and concentrations increased during the summer at both
sampling sites. Concentrations of STX according to ELISA were very
low during both investigated periods in the lake. Plant tissue analyses
showed the presence of MC-RR in rhizomes of reed, cattail and royal
blue water lily. MC variants were also found in fish tissues: MC-RR
was found in muscle and gonad tissues, and slightly higher concentra-
tions of MC-LR were found in kidney and intestine tissues of Prussian
carp.

3.2. Effects of the water bloom on fish tissues

Histopathological analyses of Prussian carp from Lake Ludo$ in 2011
showed histopathological alterations in their tissues compared to the
normal tissue structures (Fig. 1).

Loss of the typical cord-like parenchymal structure and dissociation
of cells was observed in the liver (Fig. 1A). Hepatocytes had lost their
polyhedral shape and were onion-shaped with serrated membranes
(Fig. 1B). Hepatocyte cytoplasm displayed a loss of glycogen and granu-
lar structure. Intense vacuolization was observed, with cells having a
completely clear cytoplasm (Fig. 1B). Intense condensation of chroma-
tin and karyorrhexis was also observed, as well as several anucleated
cells (Fig. 1C). Pycnotic nuclei were indicative of necrosis. Sporadic mel-
anin aggregates were also observed.

In the kidney, glomerulopathy with intense dilatation of Bowman's
capsule and glomerular atrophy were evident (Fig. 1D). Both proximal
and distal renal tubules were highly vacuolized and clogged (Fig. 1E),
while tubular cells were degenerated. Several tubular cells displayed
pyknosis and karyrrhexis. Nephrocalcinosis was also observed as well
as severe macrophage infiltration (Fig. 1F).

Gills were also severely damaged. The proliferation of interlamellar
cell mass had led to complete fusions of lamellae (Fig. 1G). Oedema
and epithelial lifting were observed (Fig. 1H), as well as hypertrophy
of epithelial cells and several necrotic lamellae. Proliferations of chloride
cells were intense (Fig. 1G).

In the intestines, edematous alterations in lamina propria were ob-
served (Fig. 1]), with its subsequent dilation. Necrosis and subsequent
desquamation of enterocytes (Fig. 1K) was indicative of necrotic enter-
itis, mostly in the apical parts of the villi. Hypertrophies of goblet cells
were also observed (Fig. 1L).

Table 3

Presence and abundance of phytoplankton from Lake Ludos in 2012.

Taxon

Pier Center
cells/mL cells/mL

Cyanobacteria

Anabaenopsis V.V.Miller sp.

Chroococcus limneticus Lemmermann

Limnothrix redekei (van Goor) M.E.Meffert

Merismopedia Meyen sp.

Microcystis aeruginosa (Kiitzing) Kiitzing,

Microcystis flos-aquae (Wittrock) Kirchner,

Microcystis wesenbergii (Komarek) Komarek

Oscillatoria Vaucher ex Gomont spp.

Planktolyngbya Anagnostidis & Komarek sp.

Planktothrix agardhii (Gomont) Anagnostidis & Komarek

Pseudanabaena limnetica (Lemmermann) Komarek

Woronichinia compacta (Lemmermann) Komarek &
Hindak

3

Chromophyta
Peridinium Ehrenberg sp.
3

Bacillariophyta

Cyclotella (Kiitzing) Brébisson sp.
Navicula Bory de Saint-Vincent spp.
Nitzschia acicularis (Kiitzing) W.-Smith C
Nitzschia palea (Kiitzing) W.-Smith

3

Euglenophyta

Euglena clavata Skuja

Phacus pyrum (Ehrenberg) W.-Archer
3

Chlorophyta

Actinastrum Lagerheim sp.

Ankistrodesmus Corda sp.

Coelastrum Ndageli sp.

Cosmarium Corda ex Ralfs sp.
Dictyosphaerium tetrachotomum Printz
Golenkinia radiata Chodat

Hyaloraphidium Pascher & Korshikov sp.
Kirchneriella irregularis (G.M.Smith) Korshikov
Micractinium pusillum Fresenius
Monoraphidium komarkovae Nygaard
Monoraphidium Komarkova-Legnerova sp.
Pediastrum Meyen spp.

Scenedesmus acuminatus (Lagerheim) Chodat,
Scenedesmus opoliensis P.G.Richter,
Scenedesmus Meyen sp.,

Scenedesmus quadricauda Chodat

Tetraedron Kiitzing sp.

3

Total phytoplankton 3

- 1320
12,160 19,280
11,665,960 28,967,680
- 2240
192,080 478,960

40,000 20,000
- 25,520
135520 314,160
1,142,000 2,755,000
+ +

13,187,720 32,584,160

160 480
160 480

27,680 21,640

800 1240
3280 3200
+ +

31,760 26,080

240 960
320 800
560 1760
— 2320
1920 5440
— 1760
400 1680
10,240 14,240
80 240
3280 6880
1040 1360
1920 6880
560 680
5200 14,000
3200 6240

110,560 210,520

— 520
138,400 272,760
13,358,600 32,885,240

+ - present in the sample; — - not present in the sample.
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Table 4
Cyanotoxin analysis of Lake Ludo$ water, plant and fish samples in 2012.
Location and date ELISA water samples LC-MS/MS plant tissues LC-MS/MS fish tissues
(pg/L) (ng/g dw) (ng/g dw)
Total MC/NOD Total STX MC-RR MC-RR MC-LR
29th March 2012
Pier 1.52 0.02 0.22R 0.06 MU 0.07 K
Center 1.55 0.03 0.05C 0.06 GO 0.08 1
0.02 RW
23rd August 2012
Pier 209 0.25 n.a. n.a. na.
Center 222 0.26 na. na. n.a.

R-reed, C-cattail, RW-royal blue water lily; dw-dry weight; MU-muscle, GO-gonads, K-kidney, I-intestine; n.a.-not analyzed.

No significant alterations were observed in the heart, spleen and mus- Furthermore, in 2012 the potential effects of cyanotoxins in fish tis-
cle tissues. Slight oedema and vacuolization were noted in the heart tis- sue were investigated with the comet assay. The results indicated DNA
sue. Large areas of macrophage aggregates were observed in the spleen. damage in four specimens of Prussian carp expressed with two

Fig. 1. Histopathological alterations of tissues of Prussian carp Carassius gibelio from Lake Ludo$, 2011. Legend: A-C) histopathological alterations in the liver: (A) loss of cordlike
parenchymal structure; (B) onion-shaped hepatocytes with clear cytoplasm; (C) pyknosis (arrow) and fields of anucleated cells (asterisk). D-F) histopathological alterations in the
kidney: (D) glomerulopathy with intense dilatation of Bowman's capsule (asterisk); (E) vacuolization of tubules (arrow) and macrophage infiltration (asterisk); F) macrophage
infiltration. G-I) histopathological alterations observed in the gills: (G) fusions of lamellae; (H) oedema and epithelial lifting (arrow); (I) intensive proliferations of chloride cells. J-L)
histopathological alterations in intestines: (J) intensive oedematous alteration in the lamina propria; (K) desquamation of enterocytes; (L) hypertrophies of goblet cells. H&E staining.
Scale bars: A, F, G, - 100 um; B, C, D, E, ], K, L - 50 um.
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parameters, OTM and TI, and showed a difference in the degree of DNA
damage in three tissues (blood, liver and gills). Mean values were: blood
(OTM-0.71, TI-4.85), liver (OTM-1.32, TI-7.26), gills (OTM-1.12, TI-8.03)
(Figs. 2 and 3). According to the results, the blood sustained the lowest
level of DNA damage in comparison with cells of the liver and gills,
which showed a similar response.

3.3. Hydrogen peroxide treatment of the lake water in vitro

In the hydrogen peroxide-dosing experiments, the total intracellular
MC content in the Lake LudoS water was 4.5 pg/L consisting of the fol-
lowing MC variants: MC-LR 32.9%, MC-YR 24%, MC-RR 20%, dmMC-RR
16%, dmMC-LR 6% and dmMC-YR 1% (Fig. 4).

The intracellular concentration of MCs was substantially reduced
only after exposure for 12 or 48 h at the highest dosage concentration
of 20 mg hydrogen peroxide per L. The lower dosages did not decrease
the intracellular MC concentration as compared to the control (0 mg hy-
drogen peroxide per L), at least during 48 h of exposure.

The concentration of Chlorophyll a in the water used for the hydro-
gen peroxide trials was 104 mg/m°, which indicates a highly eutrophic
state of the lake. Qualitative analysis of the untreated water samples
showed the presence of the cyanobacterial species Aphanocapsa incerta
(Lemmermann) G. Cronberg & Komarek, Microcystis wesenbergii,
Planktothrix agardhii, Dolichospermum affine (Lemmermann) Wacklin,
L. Hoffmann & Komarek, Anabaenopsis circularis (G.S. West)
Woloszynska & V. Miller, Cylindrospermopsis raciborskii and
Pseudanabaena limnetica. Cyanobacterial cells constituted 80% of the
phytoplankton community. The species Microcystis wesenbergii and
Planktothrix agardhii represented around 95% of the cyanobacterial
community. Microscopic comparison of untreated and treated
cyanobacterial samples at given timepoints revealed certain morpho-
logical changes in the dominant cyanobacterial species Microcystis
wesenbergii (Fig. 5) and Planktothrix agardhii. It is important to point
out that described changes listed below did not refer to the observed
samples in their entirety, but that the number of altered colonies and fil-
aments increased with the exposure time and the increase of applied
concentrations of hydrogen peroxide.

In the samples containing 2 mg H,0,/L, minor changes in the mor-
phology of Microcystis wesenbergii colonies were observed 48 h after
the hydrogen peroxide application (Fig. 5F). There was an increase in
the number of individual cells released from the colonies compared to
the corresponding control samples, and the outer borders of the muci-
lage had become less visible. The filaments of Planktothrix agardhii ap-
peared to be undamaged.
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Fig. 2. DNA damage expressed by olive tail movement (OTM), showing the difference in
the degree of DNA damage in three tissues of Prussian carp.
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Fig. 3. DNA damage expressed by tail intensity (TI), showing the difference in the degree of
DNA damage in three tissues of Prussian carp.

After 12 h at 5 mg H,0,/L, a clustering of cells was observed in the
central part of Microcystis wesenbergii colonies (Fig. 5H). Biomass den-
sity decreased in treated water after 48 h. The most pronounced mor-
phological changes were observed in many Microcystis wesenbergii
colonies which appeared to be degraded. Larger colonies were
fragmented into the smaller ones and the outer walls of the surrounding
mucilage were less visible (Fig. 5I). Many shortened fragments of
Planktothrix agardhii were also observed.

In the samples containing 20 mg H,0,/L an immediate influence of
the oxidant was detected (Fig. 5]). Clusters of brighter cells were posi-
tioned in the central parts of Microcystis colonies. Filament fragmenta-
tion of Planktothrix agardhii was observed with the release of many
individual cells from the filaments. After 12 h, the biomass density
was significantly lower and bright clusters of cellular debris were dom-
inant inside the colonies (Fig. 5K). A great number of individual
cyanobacterial cells, both deformed and empty, were also present. The
amount of unaffected biomass was even lower after 48 h (Fig. 5L).

4. Discussion

The status of Lake Ludo$ has great ecological importance for the
preservation of the flora and fauna diversity at this Ramsar site. Based
on Chlorophyll a (Felfoldy, 1980), Lake Ludo$ in 2011 was highly eutro-
phic. A historical overview of the Lake Ludo§ demonstrated an annual
presence of cyanobacteria since the 1970 (Dukic et al., 1991b; Duli¢,
2002; burdevic, 2007), and cyanobacterial blooms have been a frequent
phenomenon in this lake (Table 1). The results from our investigation in
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Fig. 4. Effect of exposure of Lake Ludo3 plankton samples, including cyanobacteria, to
hydrogen peroxide measured as intracellular MC concentrations.
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Fig. 5. Morphological changes of Microcystis wesenbergii colonies as a result of hydrogen peroxide treatment. Legend: A-C) Morphological changes at 0 mg/L H,0,, at 0 h, 12 h, 48 h,
respectively. D-F) Morphological changes at 2 mg/L H,0,, at 0 h, 12 h, 48 h, respectively: (F) reduced visibility of outer borders of the mucilage. G-I) Morphological changes at 5 mg/L
H,0,, at 0 h, 12 h, 48 h, respectively: (H) clusters of cells in the central part of the colonies; (I) reduced visibility of outer borders of the mucilage. ]-L) Morphological changes at
20 mg/L H,0,, at 0 h, 12 h, 48 h, respectively: (J) clusters of brighter cells in central parts of colonies; (K) domination of brighter clusters in central parts of colonies; (L) domination of
cellular outlines. Magnifications: A-C) - 200x; D-L) - 400x. Scale bars: A-C) - 100 pm; D-L) - 50 pum.

2012 have showed the same trend with several species blooming
(210,000 cells/mL which according to Falconer (1998) is a criterion for
blooming), with the most abundant cyanobacterial species being
Limnothrix redekei, Pseudanabaena limnetica, Planktothrix agardhii and
Microcystis spp. Most of these species were found blooming in the pre-
vious investigations of Lake Ludos, as in the other investigated lakes
(Palic lake, Gazivode lake, Sjenicko lake, Veliki Zaton lake) and further
aquatic ecosystems in Serbia including rivers, canals, ponds, fishponds,
and reservoirs used for irrigation and drinking water supply (Svircev
et al., 2014b). These cyanobacteria are frequently found practically all
over the world. Among the species observed in Lake Ludos$ (Table 1),
Cylindrospermopsis raciborskii can be regarded as invasive and its distri-
bution in Europe is expanding (Padisak, 1997; Svircev et al., 2014b;
Kokocinski et al., 2017). For example, this species has been documented
in Belarus (Micheeva, 1968), Poland (Burchardt, 1977), Bulgaria
(Stoyneva, 1995), Germany (Stiiken et al., 2006), Greece (Moustaka-
Gouni et al.,, 2009), Italy (Barone et al., 2010), Hungary (Antal et al.,
2011), Croatia (Mihaljevi¢ and Stevi¢, 2011) and Spain (Romo et al.,
2013). Another invasive species recently observed in Lake Ludos,

Sphaerospermopsis aphanizomenoides, has also been documented in
other European countries including Czech Republic (Zapomelova et al.,
2011; Gadea et al., 2013), the Netherlands (Veen et al., 2015), and
Romania (Caraus, 2017).

Previous studies with blooms and isolates of Limnothrix (Bernard
et al, 2011; Humpage et al.,, 2012), Pseudanabaena (Oudra et al., 2001;
Marsalek et al., 2003; Nguyen et al., 2007; Gantar et al., 2009),
Planktothrix (Lindholm and Meriluoto, 1991; Luukkainen et al., 1993;
Fastner et al, 1999), and Microcystis (Kiviranta et al., 1992;
Luukkainen et al., 1994) from other sources have shown that members
of these genera can produce toxic compounds. Most of the total MC pool
remains intracellular until bloom aging and lysis occurs (e.g. Chorus and
Bartram, 1999; Griffiths and Saker, 2003). Intracellular toxicity in
Artemia salina bioassay was detected only in July 2011, as well as a
high MC-LR equiv. concentration according to PPI assay of samples
from off the pier of Lake Ludo$ (828 pg/L MC-LR equiv.). The same
method was used for the first cyanotoxin analyses in Lake Ludo$ in
the summer of 2006 during the blooming of Microcystis, when a high
concentration of MC-LR equiv. was also detected (603 pg/L), this value
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being one the highest recorded in Serbia during the investigations of
Simeunovic (Simeunovic, 2009; Simeunovic et al., 2010). Furthermore,
the MC results from the ELISA tests supported the PPI assay findings in
2011 (although the observed concentrations were much lower). The
presence of MC/NOD and STX was also detected in the 2012 water
samples.

Cyanotoxins can affect a wide range of aquatic and other organisms
although there are few studies on MC accumulation in the macrophytes:
reed, cattail and royal blue waterlily. During the investigation of aquatic
plants, MC-RR was found in the rhizome (0.22 ng/g dw) of Phragmites
australis. The Common Reed Phragmites australis (syn. Phragmites
communis) is an emergent aquatic macrophyte of major ecological im-
portance (Ostendorp, 1989; Ye et al., 1998; Pflugmacher, 2002;
Mészaros et al., 2003), and the decline of its populations in Europe has
attracted the attention of many researchers (e.g. Ostendorp, 1989;
Armstrong and Armstrong, 2001; Mészaros et al., 2003). In the presence
of cyanobacterial blooms and cyanotoxins in eutrophic lakes, some au-
thors have observed a decrease in the abundance and diversity of mac-
rophyte species (e.g. Harper, 1992). Observations include: reduced
shoot length and dry weight, as well as deterioration of nutrient and ox-
ygen absorption (Yamasaki, 1993), growth inhibition and histological
alterations (Mathé et al., 2000; Mathé et al., 2007), and MC accumula-
tion in stems, rhizomes and leaves (Pflugmacher et al.,, 2001). An accu-
mulation of MC-RR in the rhizome of cattail Typha latifolia (0.05 ng/g
dw) and royal blue water lily Nymphaea elegans (0.02 ng/g dw) from
Lake Ludo$ was observed.

Cyanotoxins can be accumulated in aquatic wildlife (Magalhdes
et al,, 2003; Romo et al., 2012; Drobac et al., 2016), and transferred to
higher trophic levels causing various negative effects on tissues of dif-
ferent organisms (Xie et al., 2005; Peng et al., 2010; Malbrouck and
Kestemont, 2006). The present research showed accumulation of two
MC variants (MC-LR and MC-RR) in the tissue samples of the omnivo-
rous fish Carassius gibelio from the Lake Ludos. It was notable that, in
both investigated periods, MCs were found in the intestines (MC-LR)
and muscle samples (MC-RR), but that no MCs were found in the livers.
In 2011, the fish gills were also positive for MC-RR, and in 2012, kidneys
and gonads were found to accumulate MC-LR. Previous research has
shown that MCs can accumulate in various fish organs including liver,
muscles, kidneys, intestine, gallbladder, spleen, gonads, blood and
brain (Cazenave et al., 2005; Lei et al., 2008). However, different fish
species can accumulate different concentrations of cyanotoxins in
their tissues depending on their diet (Xie et al., 2005; Qiu et al., 2007;
Zhang et al., 2009). The apparent absence of MC in the livers could be
due to detoxification processes which vary depending on species,
organ, MC congener and metabolism (Snyder et al., 2002; Xie et al.,
2004; Malbrouck and Kestemont, 2006; Adamovsky et al., 2007), but
MC could also remain covalently bound to protein phosphatases in the
tissue (MacKintosh et al., 1990; Williams et al., 1997a, 1997b; Ibelings
et al., 2005). Accumulation of MC in the muscle can vary regardless of
the concentrations of the cyanotoxins measured in the water
(Mohamed et al., 2003; Deblois et al., 2008) due to detoxification pro-
cesses (Mohamed and Hussein, 2006). It should also be noted that
Carassius gibelio is used in the human diet, and ingested concentrations
of these cyanotoxins should be below tolerable daily intake of 0.04
yg MC-LR equiv./kg body weight/day (Chorus et al., 2000).

The histology of tissues from Prussian carp from the lake indicated
the fish livers to be the most severely damaged. This was probably
due to the hepatotoxic nature of MCs (Metcalf and Codd, 2012). Loss
of the typical cord-like parenchymal structure, dissociation of cells,
loss of shape in hepatocytes, glycogen loss, vacuolization and necrosis
with pyknosis are very common alterations after exposure of fish to
MCs (reviewed in Svir€ev et al., 2015). Loss of parenchymal structure,
dissociation of hepatocytes and loss of hepatocyte shape may be attrib-
uted to binding of MCs to protein phosphatases (PP1 and PP2A), but also
to the fact that MCs disrupt the protein expression of many cytoskeleton
proteins (Li et al., 2011).

The present study also confirms that, although MCs are primarily
hepatotoxins, they can also exert toxic effects on other organs. Recorded
glomerulopathy with dilatation of Bowman's capsule and vacuolization
of tubules from the fish in Lake Ludos are the most frequently described
histopathological alterations in kidneys after exposure to MCs
(reviewed in SvirCev et al,, 2015).

The most common alterations to the gills observed during this re-
search and in general were intense hyperplasia with complete fusions
of lamellae as well as oedema and epithelial lifting. These features
were in agreement with the gill pathology of brown trout from Loch
Leven, Scotland with a MC-containing bloom of M. aeruginosa (Rodger
et al,, 1994). These alterations are considered to be protective mecha-
nisms which decrease the respiratory area and blood-to-water surface,
thus decreasing xenobiotic uptake (Poleksi¢ and Mitrovi¢-TutundZic,
1994; Lujic et al., 2015). Hyperplasia of chloride cells may be the result
of a direct effect of MCs since Gaete et al. (1994) and Vinagre et al.
(2003) observed inhibitory effects of these toxins on chloride cell
ionic pumps. Due to the constant contact with the water, delicate struc-
ture and large surface area, gills are the first organs to be affected by wa-
terborne xenobiotics (Poleksi¢ and Mitrovic-Tutundzi¢, 1994; Bernet
etal,, 1999; Luji¢ et al,, 2015). However, the effects of MCs on fish tissue
and organ structure and function in controlled exposure studies are
poorly documented.

Since cyanobacteria are a part of the Prussian carp diet, histopatho-
logical alterations observed in the intestines may be a result of
cyanotoxins. Necrotic enteritis with villi desquamation was also ob-
served in tench Tinca tinca L. (Atencio et al., 2008), silver carp
Hypophthalmichthys molitrix Valenciennes (Ferreira et al., 2010), com-
mon carp (Cyprinus carpio L. (Drobac et al., 2016), and medaka Oryzias
latipes Temminck & Schleger (Trinchet et al., 2011).

The presence of cyanotoxins in the Lake Ludo$ water could also ex-
plain the DNA damage detected in Prussian carp as revealed via comet
assay in 2012. Based on the previous research, three tissues were se-
lected: blood, liver and gill cells (Alink et al., 2007; Sunjog et al., 2013;
Sunjog et al., 2014; Aborgiba et al., 2016; Sunjog et al., 2016; Kostic
et al,, 2016; Kracun-Kolarevic et al., 2016). It is known that different tis-
sues can accumulate pollutants to different degrees, depending on their
biochemical characteristics (Suicmez et al., 2006; Sunjog et al., 2016).
Blood is usually the first choice tissue in comet assay because of easy
collection and without need for cellular dissociation. In this work the
choice to use gill and liver cells, in addition to red blood cells, was that
the gills represent the first organ which is in direct contact with water
and, consequently, with the pollutants present in it, while the liver has
an important role in xenobiotic metabolism and accumulation
(Kilemade et al., 2004; Sunjog et al., 2014). According to the results,
blood had the lowest level of DNA damage in comparison with liver
and gills, which showed a similar response. Similarly, the results from
our previous studies (Sunjog et al., 2013, 2014, 2016) also showed
that gills and liver were often the most damaged tissue organs.

The pathological findings in the fish from Lake Ludos, as well as the
bulk of previous results, provide evidence that the ecological balance of
this Ramsar site is impaired, which is the exact opposite of the desired
intention. Although the goal is to preserve this important natural re-
source for numerous bird species, it appears that ideal conditions for ex-
tensive cyanobacterial growth are also being maintained. The persistent
occurrence of cyanobacteria and cyanotoxins can lead to many detri-
mental effects on other aquatic organisms, and can consequently en-
danger birds (Fig. 6). The presence of cyanotoxins has been linked
with bird mass mortalities (e.g. Krienitz et al., 2003; Ibelings and
Havens, 2008; Stewart et al., 2008), histopathological alterations
(Skocovska et al., 2007) and cyanotoxin accumulation in various bird
organs (Henriksen et al., 1997; Sipid et al., 2004, 2006, 2008; Paskova
et al,, 2008; Chen et al., 2009).

The Ramsar Convention supports and requires a wise use and pro-
tection of wetlands through a range of measures to ensure that the eco-
logical character of Ramsar Sites is protected and preserved. As
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Fig. 6. Schematic representation of the complexity of preserving the eutrophic state of
Lake Ludos. Conservation of the lake in order to protect the waterbirds (without urgent
control of eutrophication) actually endangers them and the rest of the biota in this
wetland habitat, and possibly other ecosystems through anticipated dissemination of
toxigenic cyanobacteria by waterbirds.

wetlands offer a whole range of goods and ecosystem services (de Groot
etal, 2002), these systems have a relatively high priority in restoration.
Furthermore, several authors have suggested measures for water qual-
ity improvement at this lake, including the identification of source
water with lower nutrient content for maintaining the volume of the
lake, sediment removal (Duli¢, 2002; Selesi, 2006), and sediment
phytoremediation (Radic et al., 2013).

In this investigation, preliminary in vitro tests of the effectiveness of
hydrogen peroxide treatment were performed. This treatment has been
proposed as a method to selectively kill cyanobacterial populations in
lakes and successful in-lake trials have taken place elsewhere, e.g. in
the Netherlands (Matthijs et al., 2012; Weenink et al., 2015). However
the generally recommended doses of hydrogen peroxide (2-5 mg/L,
Matthijs et al., 2012) did not kill the cyanobacteria present in Lake
Ludo$ water samples in laboratory trials. In these tests only a slight in-
hibitory effect on the viability of the cyanobacteria was observed at
5 mg hydrogen peroxide per L when the viability of the cyanobacterial
populations was measured as remaining cell-bound MC (leakage of
MC would indicate cell damage). Further, it appears that the doses
2 mg per Land 5 mg per L may even have had a slight stimulatory effect

on MC production (Fig. 4) but requires further investigation. Micro-
scopic analysis of samples exposed to these concentrations (2-5 mg
per L) confirmed a certain degree of hydrogen peroxide influence in-
cluding the disintegration of Microcystis colonies and mucilage and
shortening of Planktothrix filaments (Fig. 5). An increase of cell-bound
MC content co-occurred with some of the observed morphological
changes at 2-5 mg H,0,/L which may be explained by the physiological
role of MCs in cyanobacteria. The doses of 2 and 5 mg H,0,/L appeared
to be too low in the laboratory exposure trials to exert
cyanobacteriocidal potential, but still high enough to provoke the cells
to accumulate cell-bound (intracellular) MCs, whose presumed roll,
among possible other roles, may be to protect the photosynthetic appa-
ratus and prevent photo inhibition caused by oxidative stress (Downing
et al,, 2015), in this case caused by the addition of hydrogen peroxide.
This hypothesis is supported by the study performed by Wood et al.
(2011), which claimed that the increase in total intracellular MCs per
cell, together with the up-regulation of mcyE gene expression, may be
due to some external or internal stimuli. While the higher dose of hy-
drogen peroxide (20 mg/L) reduced the viability of the cyanobacteria,
it is known that the viability of zooplankton is also compromised at hy-
drogen peroxide concentrations higher than 5 mg/L (Weenink et al.,
2015). Thus, in terms of safety margins, it would be very questionable
to use the more efficient 20 mg/L hydrogen peroxide dose in order to
combat the dense cyanobacterial population in the lake.

According to current best practice, hydrogen peroxide should be pri-
marily used to treat an emerging cyanobacterial population during
spring and early summer when the likely MC concentrations in the
lake are still relatively low and a sudden extracellular release of the
toxins due to cell lysis is unlikely to cause concern (Matthijs et al.,
2012). Chlorophyll a remained fairly high in Lake Ludos in the investi-
gated year, so the required hydrogen peroxide concentrations would
thus be high. Hence, it is possible that Lake Ludo$ is not amenable to a
successful hydrogen peroxide treatment in its present state with
dense cyanobacterial populations. However, in-situ trials with hydro-
gen peroxide would be necessary to determine unequivocally whether
this treatment would be of assistance in reducing cyanobacterial popu-
lations. It is recommended that the total capacity of the lake (including
the high load of organic matter that consumes applied hydrogen perox-
ide) should be dramatically lowered through nutrient removal before
other treatments targeting cyanobacteria are being applied.

So far, an effective and long-term solution to reduce cyanobacterial
blooms in Lake Ludo$ has not been attained. However, there is some
consensus among researchers: an unsatisfactory state of water quality
has persisted in the lake for almost 50 years, and the need for interven-
tion is clearly apparent (Table 5).

The eutrophication problem that affects Lake Ludos is not an isolated
one of local concern, but a global issue which is becoming more and
more pervasive. Wetlands in Europe have been modified, drained and
destroyed during earlier centuries. Currently, <20% of original, pristine
wetland areas remains (Verhoeven, 2014). These ecosystems also play
an important role in the life cycle of migrating birds. Whether bird mi-
gration contributes to the geographical dissemination of toxigenic
cyanobacteria, including alien and invasive species (Kokocifski et al.,
2017), requires investigation, but this scenario appears likely.
Schlichting (1960) found 86 viable species, including cyanobacteria,
from the feet, 25 from the feathers, 25 from the bills, 14 from the gullets,
and 12 from the faecal material of the birds. When species of phyto-
plankton passed through the gut apparently undamaged, only a few
remained in a viable condition (Atkinson, 1971). Other studies also
demonstrate that many organisms can potentially be dispersed by wa-
terbirds (e.g. Figuerola and Green, 2002). Futhermore, cyanobacteria
compose a major part of the diversity of airborne microalgae (Sahu
and Tangutur, 2014), which can originate from aquatic environments
(Lee and Eggleston, 1989).

Cyanobacterial dispersal could lead to unexpected biogeographic ex-
pansion into freshwater ecosystems (Lebret et al, 2013), which
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Table 5

Historical overview of published findings and recommendations concerning the water quality of the Lake Ludo$ (text in italic was translated from Serbian original publications).
Findings and suggestions Reference
The quantity of submerged plants is drastically reduced due to algal abundance, and thus the number of floating bird nests is also reduced. Futo, 1972

It is necessary to take serious measures in order to preserve this natural reserve.

We believe that the Lake Ludo$ ecosystem is very vulnerable and that without rapid and radical intervention for its rehabilitation, this lake would vanish ina Dukic et al., 1991b

very short time.

Very unfavorable ecological condition of Lake Ludo$ imposes the need for radical measures in order to slow down the aging process of the lake.

Duli¢, 2002

Protection should be given priority over the use of this area, because of its value - Lake Ludos deserves it.

Lake Ludos is today a very serious patient, and in the process of successon into a pond.

Consequently, the achievement of good ecological status of Lake Ludos is needed, and the aim in the next decade is to develop protection status and

ecohydrological management.

Selesi, 2006
Neme$ and Matavulj,
2006

Negative trend in increasing the amount of organic matter in the water needs to be placed under control in order to preserve and enhance the ecological status Durdevic, 2007

of Lake Ludos.

Algal and cyanobacterial bloom episodes in surface waters of Vojvodina region, including Lake Ludos, deserves immediate attention by the authorities Svircev et al., 2008
in charge for preserving the environmental quality. Detected presence in mass development of the potentially toxic and toxic species represents
latent and real threat to human and animal health, but also an importan indicatior of the rapid water quality deterioration.

Organic loading results in a significantly higher number of saprophytic heterotrophs, and less autochthone oligotrophs thereby reducing the capacity

Rudic et al.,, 2015

for water self-purification, pointing to the rapid process of eutrophication in Lake Ludos.

Serious eutrophic processes are present in Lake Ludo$ due to agricultural runoff and untreated wastewater. Both water quality and microbiological

results have confirmed the highly eutrophic status of Lake Ludos.

Dibenzo[a,h]anthracene (DahA) and fluorene (Flo) were found at levels indicative of causing adverse effects to biota. The historical pollution at this

Grabic et al., 2016

Grbaet al,, 2017

Ramsar site shows the importance of taking care in the design of future monitoring programmes.

introduces competition between new and already present microorgan-
isms (De Meester et al., 2002), and changes community dynamics
(e.g., Genitsaris et al., 2011a). Furthermore, airborne microalgae and
cyanobacteria were shown to be associated with numerous health is-
sues such as allergy, skin irritation, hay fever, rhinitis, sclerosis and re-
spiratory problems when aerosolized and inhaled (Genitsaris et al.,
2011b).

Based on the presented arguments, an important question arises: is a
policy where natural habitats should be protected, but are in a bad
ecological state, justified? Or are we, in this manner, preserving the
problem which can potentially affect every living being in the proximity
of this ecosystem? Because of the biodiversity and ecosystem services
which wetlands can provide, many governmental and non-
governmental organizations strive for wetland protection and restora-
tion, supported by the Ramsar Convention, EU directives and national
legislation for nature protection (Verhoeven, 2014). The present inves-
tigation indicates that a more systematic and detailed monitoring of the
water quality and environmental toxicology of Lake Ludos is necessary,
together with the most appropriate management strategy to achieve a
better ecological state and minimize further degradation of Lake Ludos.

5. Conclusion

Results obtained in this research including Chlorophyll a concentra-
tions, as well as qualitative and quantitative analyses of cyanobacteria,
indicate that the ecological condition and water quality of Lake Ludo$
are highly eutrophic. Cyanobacteria were blooming and there is a risk
of recurrent cyanotoxin production and release. High mortality of
Artemia salina in bioassays of lake water samples from July 2011 indi-
cated the presence of toxic compounds. This was confirmed with PPI
and ELISA for MCs, with these cyanotoxins being identified in fish and
plant species from the lake using LC-MS/MS. As a potential solution
for the reduction of the cyanobacterial population in Lake Ludos, the
potential efficiency of hydrogen peroxide treatment was examined. Al-
though further research, including in-situ hydrogen-peroxide incuba-
tions in the lake, is required, the initial laboratory results showed that
this method may not be readily applicable, which further affirms the
low water quality and ecological state of the lake. Conservation of the
lake in order to protect the waterbirds (without urgent control of eutro-
phication) actually endangers them and the rest of the biota in this wet-
land habitat, and possibly other ecosystems. Since Lake Ludos is on the
Ramsar list of wetlands of international importance, the health of this
ecosystem is of great concern. Therefore, continued monitoring of
cyanobacterial and cyanotoxin occurrence, as well as further studies of

cyanotoxin effects and consequences on the ecosystem are necessary.
Most importantly, a rapid intervention aiming at the restoration of the
good ecological status in Lake Ludo$ should be of highest priority, so
that preservation of this Ramsar site would be fully justified.

Conflicts of interest

The authors declare no conflict of interest.

Acknowledgement

The authors would like to acknowledge the funding of the Ministry
of Education, Science and Technological Development of the Serbian
Government (project number: 176020 and project number: 31084).

References

Aborgiba, M., Kostic, J., Kolarevig, S., Kracun-Kolarevi¢, M., Elbahi, S., KneZevi¢-Vukeevic, J.,
Lenhardt, M., Paunovi¢, M., Gati¢, Z., Vukovi¢-Gatic, B., 2016. Flooding modifies the
genotoxic effects of pollution on a worm, a mussel and two fish species from the
Sava River. Sci. Total Environ. 540, 358-367.

Alink, G.M., Quik, ].T.K., Penders, E.].M., Spenkelink, A., Rotteveel, S.G.P., Maas, ]J.L.,
Hoogenboezem, W., 2007. Genotoxic effects inthe Eastern mudminnow (Umbra
pygmaea L.) after exposure to Rhine water, as assessed by use of the SCE and
Comet assays: a comparison between 1978 and 2005. Mutat. Res. 631 (2), 93-100.

Adamovsky, O., Kopp, R., Hilscherov, K., Babica, P., Palikova, M., Paskova, V., Navratil, S.,
Marsalek, B., Bldha, L., 2007. Microcystin kinetics (bioaccumulation, elimination)
and biochemical responses in common carp and silver carp exposed to toxic
cyanobacterial blooms. Environ. Toxicol. Chem. 26 (12), 2687-2693.

An, J., Carmichael, W.W., 1994. Use of a colorimetric protein phosphatase inhibition assay
and enzyme linked immunosorbent assay for the study of microcystins and
nodularins. Toxicon 32 (12), 1495-1507.

Atencio, L., Moreno, L, Jos, A., Pichardo, S., Moyano, R., Blanco, A., Camean, A.M., 2008.
Dose-dependent antioxidant responses and pathological changes in tenca (Tinca
tinca) after acute oral exposure to Microcystis under laboratory conditions. Toxicon
52 (1), 1-12.

Antal, O., Karisztl-Gacsi, M., Farkas, A., Kovacs, A., Acs, A., Toro, N., Kiss, G., Saker, M.L.,
Gyori, J., Banfalvi, G., Vehovszky, A., 2011. Screening the toxic potential of
Cylindrospermopsis raciborskii strains isolated from Lake Balaton, Hungary. Toxicon
57 (6):831-840. https://doi.org/10.1016/j.toxicon.2011.02.007.

APHA, 1995. Standard Methods for the Examination of Water and Wastewater. American
Public Health Association. 19th Edition. American Public Health Association,
Washington, D.C.

Armstrong, J., Armstrong, W., 2001. An overview of the effects of phytotoxins on Phragmi-
tes australis in relation to die-back. Aquat. Bot. 69 (2-4), 251-268.

Atkinson, K.M., 1971. Further experiments in dispersal of phytoplankton by birds. Wild
22,98-99.

Azevedo, SM.F.0., Carmichael, W.W., Jochimsen, E.M., Rinehart, KL, Lau, S., Shaw, G.R,,
Eaglesham, G.K., 2002. Human intoxication by microcystins during renal dialysis
treatment in Caruaru - Brazil. Toxicology 181(182), 441-446.


http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0005
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0005
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0005
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0010
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0010
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0010
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0015
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0015
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0015
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0020
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0020
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0020
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0025
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0025
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0025
https://doi.org/10.1016/j.toxicon.2011.02.007
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0035
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0035
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0035
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0040
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0040
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0045
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0045
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0050
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0050

1060 N. Tokodi et al. / Science of the Total Environment 635 (2018) 1047-1062

Barone, R., Castelli, G., Naselli-Flores, L., 2010. Red sky at night cyanobacteria delight: the
role of climate in structuring phytoplankton assemblage in a shallow, Mediterranean
lake (Biviere di Gela, southeastern Sicily). Hydrobiologia 639 (1), 43-53.

Bernard, C., Froscio, S., Campbell, R., Monis, P., Humpage, A., Fabbro, L., 2011. Novel toxic
effects associated with a tropical Limnothrix/Geitlerinema-like cyanobacterium. Envi-
ron. Toxicol. 26 (3), 260-270.

Bernet, D., Schmidt, H., Meier, W., Burkhardt-Holm, P., Wahli, T., 1999. Histopathology in
fish: proposal for a protocol to assess aquatic pollution. . Fish Dis. 22:25-34. https://
doi.org/10.1046/j.1365-2761.

Brankovi¢, D., Budakov, Lj, 1994. Phytoplankton community and saprobiological charac-
teristics of Lake Ludas during the spring season. Tiscia 28, 21-24.

Brankovi¢, D., Budakov, Lj., Sekuli¢, N., 1998. Fitoplankton kao indikator saprobioloskih
karakteristika vode nekih zasticenih vodenih ekosistema. Zastita prirode 50. Beograd.
291-296.

Burchardt, L., 1977. Changes in phytoplankton composition of Lake Patnowskie, receiver
of heated water and waste water from sugar factory (1972/73). Seria Biologia 8,
1-119.

Caraus, I., 2017. Algae of Romania. A distributional checklist of actual algae. Version 2.4.
Studii si Cercetari Biologie 7, 1-1002.

Carmichael, W.W., Azevedo, S.M., An, ].S., Molica, R.J.,, Jochimsen, E.M.,, Lau, S., Rinehart,
K.L, Shaw, G.R., Eaglesham, G.K., 2001. Human fatalities from cyanobacteria: chemical
and biological evidence for cyanotoxins. Environ. Health Perspect. 109 (7), 663-668.

Cazenave, ], Wunderlin, D.A., de Los Angeles Bistoni, M., Ame, M.V., Krause, E.,
Pflugmacher, S., Wiegand, C., 2005. Uptake, tissue distribution and accumulation of
microcystin-RR in Corydoras paleatus, Jenynsia multidentata and Odontesthes
bonariensis. A field and laboratory study. Aquat. Toxicol. 75 (2), 178-190.

Chen, J., Zhang, D., Xie, P, Wang, Q., Ma, Z., 2009. Simultaneous determination of
microcystin contaminations in various vertebrates (fish, turtle, duck and water
bird) from a large eutrophic Chinese lake, Lake Taihu, with toxic Microcystis blooms.
Sci. Total Environ. 407 (10), 3317-3322.

Chorus, ., Bartram, J. (Eds.), 1999. Toxic Cyanobacteria in Water: A Guide to their Public
Health Consequences, Monitoring and Management. E & FN Spon, London.

Chorus, I., Falconer, I.R., Salas, HJ., Bartram, J., 2000. Health risks caused by freshwater
cyanobacteria in recreational waters. J. Toxicol. Env. Health B 3 (4), 323-347.

Codd, G.A., 2000. Cyanobacterial toxins, the perception of water quality and the prioriti-
zation of eutrophication control. Ecol. Eng. 16 (1), 51-60.

Codd, G.A., Azevedo, S.M.F.0., Bagchi, S.N., Burch, M.D., Carmichael, W.W., Harding, W.R,,
Kaya, K., Utkilen, H.C., 2005. CYANONET: A Global Network for Cyanobacterial Bloom
and Toxin Risk Management: Initial Situation Assessment and Recommendations.
[HP-VI Technical Documents in Hydrology No. 76. UNESCO, Paris, p. 141.

De Meester, L., Gomez, A.,, Okamura, B., Schwenk, K., 2002. The monopolization hypothe-
sis and the dispersal-gene flow paradox in aquatic organisms. Acta Oecol. 23 (3):
121-135. https://doi.org/10.1016/S1146-609X(02)01145-1.

Deblois, C.P., Aranda-Rodriguez, R., Giani, A., Bird, D.F., 2008. Microcystin accumulation in
liver and muscle of tilapia in two large Brazilian hydroelectric reservoirs. Toxicon 51
(3), 435-448.

Downing, T.G., Phelan, R.R., Downing, S., 2015. A potential physiological role for
cyanotoxins in cyanobacteria of arid environments. J. Arid Environ. 112 (Part B),
147-151.

Drobac, D, SvirCev, Z., Tokodi, N., Vidovi¢, M., Balti¢, V., Bozi¢-Krstic, V., Lazi¢, D., Pavlica, T.,
2011. Microcystins - potential risk factors in carcinogenesis of primary liver cancer in
Serbia. Geographica Pannonica 15 (3), 70-80.

Drobac, D., Tokodi, N., Simeunovic, J., Baltic, V., Stani¢, D., Svircev, Z., 2013. Human exposure
to cyanotoxins and their effects on health. Arh Hig Rada Toksikol. 64 (2), 119-130.

Drobac, D., Tokodi, N., Luji¢, J., Marinovi¢, Z., Subakov-Simi¢, G., Duli¢, T., Vazi¢, T., Nybom,
S., Meriluoto, J., Codd, G.A., Svircev, Z., 2016. Cyanobacteria and cyanotoxins in fish-
ponds and their effects on fish tissue. Harmful Algae 55, 66-76.

Drobac, D., Tokodi, N., Kiprovski, B., Malenci¢, D., VaZic, T., Nybom, S., Meriluoto, J., SvirCev,
Z.,2017. Microcystin accumulation and potential effects on antioxidant capacity of
leaves and fruits of Capsicum annuum. J. Toxicol. Environ. Health A 80 (3), 145-154.

Duki¢, N., Pujin, V., Maletin, S., Gajin, S., Gantar, M., Petrovi¢, O., Ratajac, R., Selesi, D.,
Matavulj, M., 1991a. Lentic waters eutrophication in Vojvodina - part I “Ludos”.
Zbornik radova Instituta za biologiju. 31, pp. 73-75.

Dbuki¢, N., Pujin, V., Maletin, S., Gajin, S., Gantar, M., Petrovi¢, O., Ratajac, R., Selesi, D.,
Matavulj, M., 1991b. Eutrofizacija staja¢ih voda Vojvodine I deo - postojece stanje,
trendovi i moguénosti zastite. Institut za biologiju, PMF, Univerzitet u Novom Sadu.

Duli¢, S., 2002. Fitoplankton kao pokazatelj eutrofizacije Ludaskog jezera. Academic the-
sis. University of Novi Sad, Novi Sad, Serbia.

Dulig, S., Mrki¢, B., 1999. Water quality determination of Lake Ludo$ based on plankton
communities. Konferencija o aktuelnim problemima zastite voda “Zastita voda 99",
pp. 165-170 Soko Banja.

Durdevi¢, S., 2007. Stanje vode nekih vojvodanskih akumulacija na osnovu
mikrobioloskih parametara. Academic thesis. University of Novi Sad, Novi Sad, Serbia.

EN 15204, 2006. Water Quality-guidance Standard on the Enumeration of Phytoplankton
Using Inverted Microscopy (Utermdhl Technique). European Committee for Stan-
dardization, Brussels, Belgium.

EU Water Framework Directive (WFD), 2000. Off. J. L 327 22/12/2000 P. 0001 - 0073.
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:
32000L0060&from=EN (accessed July 2017).

Fastner, J.,, Erhard, M., Carmichael, W.W,, Sun, F,, Rinehart, K.L., Ronicke, H., Chorus, I,
1999. Characterization and diversity of microcystins in natural blooms and strains
of the genera Microcystis and Planktothrix from German freshwaters. Arch. Hydrobiol.
145 (2), 147-163.

Falconer, LR., 1998. Algal toxins and human health. In: Hrubeg, J. (Ed.), Quality and Treat-
ment of Drinking Water II. The Handbook of Environmental Chemistry. Part C, 5.
Springer-Verlag, Berlin Heidelberg, pp. 55-82.

Ferreira, M.F.N,, Oliveira, V.M., Oliveira, R., Da Cunha, P.V., Grisolia, C.K,, Junior, O.R.P.,
2010. Histopathological effects of [D-Leu'] Microcystin-LR variants on liver, skeletal
muscle and intestinal tract of Hypophthalmichthys molitrix (Valenciennes, 1844).
Toxicon 55 (7), 1255-1262.

Felfoldy, L., 1980. A biologiai vizmindsités. Javitott és bovitett kiadas, viziigyi
hydrobiolégia. 3(3), pp. 1-263.

Figuerola, ]., Green, AJ., 2002. Dispersal of aquatic organisms by waterbirds: a review of
past research and priorities for future studies. Freshw. Biol. 47 (3), 483-494.

Filipovi¢, D., Obradovic, D., 2008. Analiza stanja i mere zastite Zivotne sredine u opstini Su-
botica kao osnova strategije odrZivog razvoja ovog podrucja. Glasnik Srpskog
geografskog drustva 88 (1), 61-72.

Futo, A., 1972. Hidrobiolo$ka posmatranja na Ludaskom jezeru. Academic thesis. Univer-
sity of Novi Sad, Novi Sad, Serbia.

Gadea, I, Rodilla, M., Sospedra, J., Falco, S., Morata, T., 2013. Seasonal dynamics of the phy-
toplankton community in the Gandia coastal area, Southern Gulf of Valencia.
Thalassas 29 (1), 35-58.

Gaete, V., Canelo, E., Lagos, N., Zambrano, F., 1994. Inhibitory effects of Microcystis
aeruginosa toxin on ion pumps of the gill of freshwater fish. Toxicon 32 (1), 121-127.

Gajin, S., Gantar, M., Petrovi¢, O., Matavulj, M., 1983. Procena stanja vode nekih
vojvodanskih jezera na osnovu mikrobioloskih pokazatelja. Zbornik radova
Konferencije o akutelnim problemima zastite voda "Zastita voda '83". Opatija 49-54.

Gan, N,, Sun, X,, Song, L., 2010. Activation of Nrf2 by microcystin-LR provides advantages
for liver cancer cell growth. Chem. Res. Toxicol. 23 (9), 1477-1484.

Gantar, M., Sekar, R., Richardson, L.L., 2009. Cyanotoxins from black band disease of corals
and from other coral reef environments. Microb. Ecol. 58 (4), 856-864.

Genitsaris, S., Moustaka-Gouni, M., Kormas, K.A., 2011a. Airborne microeukaryote colonists
in experimental water containers: diversity, succession, life histories and established
food webs. Aquat. Microb. Ecol. 62:139-152. https://doi.org/10.3354/ame01463.

Genitsaris, S., Kormas, K.A., Moustaka-Gouni, M., 2011b. Airborne algae and
cyanobacteria: occurrence and related health effects. Front. Biosci. 3:772-787.
https://doi.org/10.2741/e285.

Grabi¢, ], Ciri¢, V., Benka, P., Buri¢, S., 2016. Water quality at three special nature reserves
in Vojvodina, Serbia: Preliminary Research. Aerul si Apa: Componente ale Mediului:
50-57 https://doi.org/10.17378/AWC2016_07.

Grba, N., Krémar, D., Maleti¢, S., Beceli¢-Tomin, M., Grgi¢, M., Pucar, G., Dalmacija, B., 2017.
Organic and inorganic priority substances in sediments of Luda$ Lake, a cross-border
natural resource on the Ramsar list. Environ. Sci. Pollut. Res. 24 (2), 1938-1952.

Griffiths, D.J.,, Saker, M.L.,, 2003. The Palm Island mystery disease 20 years on: a review of
research on the cyanotoxin cylindrospermopsin. Environ. Toxicol. 18 (2), 78-93.

de Groot, R.S., Wilson, M.A., Boumans, R.M., 2002. A typology for the classification, de-
scription and valuation of ecosystem functions, goods and services. Ecol. Econ. 41
(3):393-408. https://doi.org/10.1016/S0921- 8009(02)00089-7.

Harper, D.M., 1992. Eutrophication of Freshwaters: Principles, Problems and Restoration.
Chapman and Hall, London.

Henriksen, P., Carmichael, W.W., An, J., Moestrup, O., 1997. Detection of an anatoxin-a(s)-
like anticholinesterase in natural blooms and cultures of cyanobacteria/blue-green
algae from Danish lakes and in the stomach contents of poisoned birds. Toxicon 35
(6),901-913.

Hernandez, ].M., Lopez-Rodas, V., Costas, E., 2009. Microcystins from tap water could be a
risk factor for liver and colorectal cancer: a risk intensified by global change. Med. Hy-
potheses 72 (5), 539-540.

Humason, G.L., 1979. Animal Tissue Techniques. 4th edn. Freeman, San Francisco.

Humpage, A., Falconer, I, Bernard, C., Froscio, S., Fabbro, L., 2012. Toxicity of the cyanobac-
terium Limnothrix AC0243 to male balb/C mice. Water Res. 46 (5), 1576-1583.

Ibelings, B.W., Havens, K.E., 2008. Cyanobacterial toxins: a qualitative meta-analysis of
concentrations, dosage and effects in freshwater, estuarine and marine biota. Adv.
Exp. Med. Biol. 619, 675-732.

Ibelings, B.W., Bruning, K., de Jonge, J., Wolfstein, K., Pires, L.D.M., 2005. Distribution of
microcystins in a lake foodweb: no evidence for biomagnification. Microb. Ecol. 49
(4), 487-500.

Institute of Public Health, Subotica, 2011. Monitoring kvaliteta vode jezera Pali¢ i Ludas i
potoka Kere$ u 2011 (godini. Annual report).

Institute of Public Health, Subotica, 2012. Monitoring kvaliteta vode jezera Pali¢ i Ludas i
potoka Kere$ u 2012 (godini. Annual report).

Institute of Public Health, Subotica, 2013. Monitoring kvaliteta vode jezera Pali¢ i Ludas i
potoka Kere$ u 2013 (godini. Annual report).

Institute of Public Health, Subotica, 2014. Monitoring kvaliteta vode jezera Pali¢ i Ludas i
potoka Kere$ u 2014 (godini. Annual report).

Institute of Public Health, Subotica, 2015. Monitoring kvaliteta vode jezera Pali¢ i Ludas i
potoka Kere$ u 2015 (godini. Annual report).

Ito, E., Kondo, F.,, Harada, K., 1997. Hepatic necrosis in aged mice by oral administration of
microcystin-LR. Toxicon 35 (2), 231-239.

Jovanovic, J., Karadzi¢, V., Predojevi, D., Blagojevi¢, A., Popovi¢, S., Trbojevi, L., Subakov
Simi¢, G., 2016. Morphological and ecological characteristics of potentially toxic inva-
sive cyanobacterium Sphaerospermopsis aphanizomenoides (Forti) Zapomelova,
Jezberova, Hrouzek, Hisem, Rehdkova & Komarkova (Nostocales, Cyanobacteria) in
Serbia. Braz. J. Bot. 39 (1), 225-237.

Kilemade, M.F., Hartl, M.GJ., Sheehan, D., Mothersill, C.,, Van Pelt, FN.A.M., O'Halloran, J.,
O'Brien, N.M., 2004. Genotoxicity of field-collected inter-tidal sediments from Cork
Harbor, Ireland, to juvenile turbot (Scophthalmus maximus L.) as measured by the
Comet assay. Environ. Mol. Mutagen. 44 (1), 56-64.

Kiviranta, J.A., Sivonen, K., Niemelg, S.I., 1991. Detection of toxicity of cyanobacteria by
A. salina bioassay. Environ. Toxicol. Water 6 (4), 423-436.

Kiviranta, J., Namikoshi, M., Sivonen, K., Evans, W.R., Carmichael, W.W., Rinehart, K.L.,
1992. Structure determination and toxicity of a new microcystin from Microcystis
aeruginosa strain 205. Toxicon 30 (9), 1093-1098.


http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0055
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0055
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0055
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0060
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0060
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0060
https://doi.org/10.1046/j.1365-2761
https://doi.org/10.1046/j.1365-2761
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0070
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0070
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0075
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0075
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0075
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0080
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0080
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0080
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0090
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0090
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0095
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0095
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0100
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0100
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0100
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0105
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0105
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0105
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0105
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0110
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0110
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0115
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0115
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0120
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0120
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0125
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0125
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0125
https://doi.org/10.1016/S1146-609X(02)01145-1
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0135
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0135
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0135
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0140
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0140
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0140
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0145
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0145
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0150
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0150
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0155
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0155
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0160
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0160
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0165
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0165
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0170
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0170
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0175
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0175
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0180
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0180
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0180
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0185
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0185
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0190
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0190
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0190
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32000L0060&amp;from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32000L0060&amp;from=EN
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0200
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0200
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0200
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0205
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0205
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0205
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0210
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0210
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0210
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0210
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0220
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0220
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0225
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0225
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0230
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0230
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0230
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0235
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0235
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0240
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0240
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0240
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0245
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0245
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0250
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0250
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0250
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0255
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0255
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0260
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0260
https://doi.org/10.3354/ame01463
https://doi.org/10.2741/e285
https://doi.org/10.17378/AWC2016_07
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0280
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0280
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0285
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0285
https://doi.org/10.1016/S0921- 8009(02)00089-7
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0295
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0295
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0305
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0305
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0305
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0305
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0310
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0310
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0310
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0315
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0320
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0320
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0325
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0325
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0325
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0330
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0330
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0330
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0335
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0335
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0340
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0340
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0345
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0345
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0350
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0350
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0355
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0355
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0360
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0360
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0365
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0365
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0365
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0365
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0370
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0370
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0370
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0375
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0375
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0380
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0380

N. Tokodi et al. / Science of the Total Environment 635 (2018) 1047-1062 1061

Kokocifiski, M., Akgaalan, R., Salmaso, N., Stoyneva-Gartner, M.P., Sukenik, A., 2017. Ex-
pansion of alien and invasive species. In: Meriluoto, J., Spoof, L., Codd, G.A. (Eds.),
Handbook of Cyanobacterial Monitoring and Cyanotoxin Analysis. Wiley, Chichester,
pp. 28-39.

Komarek, J., 2013. Cyanoprokaryota. 3. Teil: Hetrocytous Genera. In: Biidel, B., Gartner, G.,
Krienitz, L., Schagerl, M. (Eds.), SiiBwasserflora von Mitteleuropa. Springer Spektrum
Verlag, Heidelberg, Berlin, pp. 1-1130.

Komarek, J., Anagnostidis, K., 1998. Cyanoprokaryota, 1. Teil: Chroococcales. In: Ettl, H.,
Gartner, G., Heynig, H., Mollenhauer, D. (Eds.), Stipwasserflora von Mitteleuropa.
Spektrum Akademischer Verlag, Heidelberg, Berlin, pp. 1-548.

Komadrek, J., Anagnostidis, K., 2005. Cyanoprokaryota. 2. Teil: Oscillatoriales. In: Biidel, B.,
Gartner, G., Krienitz, L., Schagerl, M. (Eds.), Stipwasserflora von Mitteleuropa.
Spektrum Akademischer Verlag, Berlin, pp. 1-759.

Kosti¢, ], Kolarevi¢, S., Kratun-Kolarevi¢, M., Aborgiba, M., GaCic, Z., Lenhardt, M., Vukovic-
Gacic, B., 2016. Genotoxicity assessment of the Danube River using tissues of fresh-
water bream (Abramis brama). Environ. Sci. Pollut. Res. 23 (20), 20783-20795.

Kracun-Kolarevi¢, M., Kolarevi¢, S., Jovanovic, J., Markovig, V., 1li¢, M., Simonovig, P., Simic,
V., Gati¢, Z., Diamantini, E., Stella, E., Petrovi¢, M., Majone, B., Bellin, A., Paunovi¢, M.,
Vukovic-Gatic, B., 2016. Evaluation of genotoxic potential throughout the upper and
middle stretches of Adige river basin. Sci. Total Environ. 571, 1383-1391.

Krienitz, L., Ballot, A., Kotut, K., Wiegand, C,, Piitz, S., Metcalf, .S., Codd, G.A., Pflugmacher,
S., 2003. Contribution of hot spring cyanobacteria to the mysterious deaths of Lesser
Flamingos at Lake Bogoria, Kenya. FEMS Microbiol. Ecol. 43 (2), 141-148.

Kuiper-Goodman, T., Falconer, I.R,, Fitzgerald, J., 1999. Human health aspects. In: Chorus,
L, Bartram, J. (Eds.), Toxic Cyanobacteria in Water: A Guide to Their Public Health
Consequences, Monitoring, and Management. E & FN Spon, London, pp. 113-153.

Lawton, LA,, Edwards, C, Codd, G.A., 1994. Extraction and high-performance liquid chro-
matographic methods for the detection of microcystins in raw and treated waters.
Analyst 119 (7), 1525-1530.

Lindholm, T., Meriluoto, J.A.O., 1991. Recurrent depth maxima of the hepatotoxic Cyano-
bacterium Oscillatoria agardhii. Can. J. Fish. Aquat. Sci. 48 (9), 1629-1634.

Lebret, K., Kritzberg, E.S., Rengefors, K., 2013. Population genetic structure of a microalgal
species under expansion. PLoS One 8, e82510. https://doi.org/10.1371/journal.
pone.0082510.

Lee, T.F,, Eggleston, P.M., 1989. Airborne algae and cyanobacteria. Grana 28, 63-66.

Lei, HH., Xie, P., Chen, J., Liang, G.D., Dai, M., Zhang, X.Z., 2008. Distribution of toxins in
various tissues of crucian carp intraperitoneally injected with hepatotoxic
microcystins. Environ. Toxicol. Chem. 27 (5), 1167-1174.

Li, G., Chen, J,, Xie, P., Jiang, Y., Wu, L., Zhang, X., 2011. Protein expression profiling in the
zebrafish (Danio rerio) embryos exposed to the microcystin-LR. Proteomics 11 (10),
2003-2018.

Luji¢, J., Matavulj, M., Poleksic, V., Raskovi¢, B., Marinovi¢, Z., Kosti¢, D., Miljanovic, B.,
2015. Gill reaction to pollutants from the Tamis River in three freshwater fish species,
Esox lucius L. 1758, Sander lucioperca (L. 1758) and Silurus glanis L. 1758: a compara-
tive study. Anat. Histol. Embryol. 44 (2), 128-137.

Luukkainen, R., Sivonen, K., Namikoshi, M., Fardig, M., Rinehart, K.L., Niemeld, S.I, 1993.
Isolation and identification of eight microcystins from thirteen Oscillatoria agardhii
strains and structure of a new microcystin. Appl. Environ. Microbiol. 59 (7),
2204-22009.

Luukkainen, R., Namikoshi, M., Sivonen, K., Rinehart, K.L., Niemeld, S.I., 1994. Isolation and
identification of 12 microcystins from four strains and two bloom samples of
Microcystis spp.: structure of a new hepatotoxin. Toxicon 32 (1), 133-139.

Mackinney, G., 1941. Absorption of light by chlorophyll solutions. J. Biol. Chem. 140,
315-322.

MacKintosh, C., Beattie, K.A., Klumpp, S., Cohen, P., Codd, G.A., 1990. Cyanobacterial
microcystin-LR is a potent and specific inhibitor of protein phosphatases 1 and 2A
from both mammals and higher plants. FEBS Lett. 264 (2), 187-192.

Magalhdes, V.F., Marinho, M.M., Domingos, P., Oliveira, A.C., Costa, S.M., Azevedo, L.O.,
Azevedo, S.M.F.0., 2003. Microcystins (cyanobacteria hepatotoxins) bioaccumulation
in fish and crustaceans from Sepetiba Bay (Brasil, R]). Toxicon 42 (3), 289-295.

Marsalek, B., Blaha, L., Babica, P., 2003. Analyses of microcystins in the biomass of
Pseudanabaena limnetica collected in Znojmo reservoir. Czech Phycol. 3, 195-197.

Mathé, Cs, Hamvas, M.M., Grigorszky, 1., Vasas, G., Molnar, E., Power, ].B., Davey, M.R.,
Borbély, G., 2000. Plant regeneration from embryogenic cultures of Phragmites
australis (Cav.) Trin. Ex Steud. (common reed). Plant Cell Tiss. Org. 63 (1), 81-84.

Mathé, Cs., Hamvas, M.M., Vasas, G., Suranyi, G., Bacsi, 1., Beyer, D., T6th, S., Timar, M.,
Borbély, G., 2007. Microcystin-LR, a cyanobacterial toxin, induces growth inhibition
and histological alterations in common reed (Phragmites australis) plants regenerated
from embryogenic calli. New Phytol. 176 (4), 824-835.

Matthijs, H.C.P., Visser, P.M., Reeze, B., Meeuse, ]., Slot, P.C., Wijn, G., Talens, R., Huisman, J.,
2012. Selective suppression of harmful cyanobacteria in an entire lake with hydrogen
peroxide. Water Res. 46 (5), 1460-1472.

Malbrouck, C., Kestemont, P., 2006. Effects of microcystins on fish. Environ. Toxicol. Chem.
25 (1), 72-86.

Meriluoto, J., Spoof, L., 2005a. Extraction of microcystins in biomass filtered on glassfibre
filters or in freeze-dried cyanobacterial biomass. In: Meriluoto, J., Codd, G.A. (Eds.),
TOXIC: Cyanobacterial Monitoring and Cyanotoxin Analysis. Abo Akademi University
Press, Turku, pp. 69-71.

Meriluoto, J., Spoof, L., 2005b. Purification of microcystins by high-performance lig-
uid chromatography. In: Meriluoto, J., Codd, G.A. (Eds.), TOXIC: Cyanobacterial
Monitoring and Cyanotoxin Analysis. Abo Akademi University Press, Turku,
pp. 93-104.

Meriluoto, J., Karlsson, K., Spoof, L., 2004. High-throughput screening of ten microcystins
and nodularins, cyanobacterial peptide hepatotoxins, by reversed-phase liquid
chromatography-electrospray ionisation mass spectrometry. Chromatographia 59
(5-6), 291-298.

Meészaros, 1, Veres, S., Dinka, M., Lakatos, G., 2003. Variations in leaf pigment content and
photosynthetic activity of Phragmites australis in healthy and die-back stands of Lake
Ferto/Neusiedlersee. Hydrobiologia 506-509, 681-686.

Metcalf, J.S., Codd, G.A., 2012. Cyanotoxins. In: Whitton, B.A. (Ed.), Ecology of
Cyanobacteria Il Their diversity in Space and Time. Springer, Dordrecht, pp. 651-675.

Metcalf, ].S., Beattie, K.A., Ressler, j., Gerbersdorf, S., Pflugmacher, S., Codd, G.A., 2002.
Cross-reactivity and performance assessment of four microcystin immunoassays
with detoxication products of the cyanobacterial toxin microcystin-LR. . Water Sup-
ply Res. Technol. AQUA 51 (3), 145-151.

Micheeva, T.M., 1968. On the occurrence of Anabaenopsis raciborskii (Wolosz.) V. Miller.
Acta Universitatis Carolinae Biologica 1967, 257-265.

Mihaljevi¢, M., Stevi¢, F., 2011. Cyanobacterial blooms in a temperate river-floodplain eco-
system: the importance of hydrological extremes. Aquat. Ecol. 45, 335-349.

Mohamed, Z.A., Al Shehri, AM., 2009. Microcystins in groundwater wells and their accu-
mulation in vegetable plants irrigated with contaminated waters in Saudi Arabia.
J. Hazard. Mater. 172 (1), 310-315.

Mohamed, Z.A., Hussein, A.A., 2006. Depuration of microcystins in tilapia fish exposed to
natural populations of toxic cyanobacteria: a laboratory study. Ecotoxicol. Environ.
Saf. 63 (3), 424-429.

Mohamed, Z.A., Carmichael, W.W., Hussein, A.A., 2003. Estimation of microcystins in the
freshwater fish Oreochromis niloticus in an egyptian fish farm containing a
Microcystis bloom. Environ. Toxicol. 18 (2), 137-141.

Moustaka-Gouni, M., Kormas, K.A., Vardaka, E., Katsiapi, M., Gkelis, S., 2009. Raphidiopsis
mediterranea  Skuja represents non-heterocytous life-cycle stages of
Cylindrospermopsis raciborskii (Woloszynska) Seenayya et Subba Raju in Lake
Kastoria (Greece), its type locality: evidence by morphological and phylogenetic
analysis. Harmful Algae 8 (6-8), 864-872.

Nemes, K., Matavulj, M., 2006. Plankton composition of Palics and alkaline lakes. Balkan
Conference BALWOIS 2006, Ohrid, pp. 23-26.

Nguyen, LT.T., Cronberg, G., Annadotter, H., Larsen, J., 2007. Planktic cyanobacteria from
freshwater localities in ThuaThien-Hue province, Vietnam. II. Algal biomass and
microcystin production. Nova Hedwigia 85 (1-2), 35-49.

Novak, R., 1994. Kvalitativni sastav fito i -zooplanktona LudoSkog jezera. Bachelor Thesis.
University of Novi Sad, Novi Sad, Serbia.

Ostendorp, W., 1989. Die-back of reeds in Europe - a critical review of literature. Aquat.
Bot. 35 (1), 5-26.

Oudra, B., Loudiki, M., Sbiyyaa, B., Martins, R., Vasconcelos, V., Namikoshi, N., 2001. Isola-
tion, characterization and quantification of microcystins (heptapeptides
hepatotoxins) in Microcystis aeruginosa dominated bloom of Lalla Takerkoust lake—
reservoir (Morocco). Toxicon 39 (9), 1375-1381.

Padisak, KJ., 1997. Cylindrospermopsis raciborskii (Woloszynska) Seenayya et Subba Raju,
an expanding, highly adaptive cyanobacterium: worldwide distribution and review
of its ecology. Arch. Hydrobiol. 107 (Supplement), 563-593.

Paskova, V., Adamovsky, O., Pikula, J., Skocovska, B., Band'ouchova, H., Hordkov4, ]., Babica,
P., Marsélek, B., Hilscherov4, K., 2008. Detoxification and oxidative stress responses
along with microcystins accumulation in Japanese quail exposed to cyanobacterial
biomass. Sci. Total Environ. 398 (1-3), 34-47.

Pearl, HW., Paul, VJ., 2012. Climate change: links to global expansion of harmful
cyanobacteria. Water Res. 46 (5), 1349-1363.

Peng, L., Liy, Y., Chen, W., Liy, L., Kent, M., Song, L., 2010. Health risks associated with con-
sumption of microcystin-contaminated fish and shellfish in three Chinese lakes: sig-
nificance for freshwater aquacultures. Ecotoxicol. Environ. Saf. 73 (7), 1804-1811.

Pflugmacher, S., 2002. Possible allelopathic effects of cyanotoxins, with reference to
microcystin-LR, in aquatic ecosystems. Environ. Toxicol. 17 (4), 407-413.

Pflugmacher, S., Ame, M.V., Wiegand, C., Steinberg, C.E., 2001. Cyanobacterial toxins and
endotoxins their origin and their ecophysiolocical effects in aquatic organisms.
Wasser Boden. 53 (4), 15-20.

Poleksi¢, V., Mitrovi¢-TutundZi¢, V., 1994. Fish gills as a monitor of sublethal and chronic
effects of pollution. In: Muller, R, Lloyd, R. (Eds.), Sublethal and Chronic Toxic Effects
of Pollutants on Freshwater Fish. Blackwell Scientific Publications Ltd., Oxford, UK,
pp. 339-352.

Qiu, T., Xie, P., Ke, Z, Li, L., Guo, L., 2007. In situ studies on physiological and biochemical
responses of four fishes with different trophic levels to toxic cyanobacterial blooms in
a large Chinese lake. Toxicon 50 (3), 365-376.

Radi¢, D., Grujanicic, V., Petricevi¢, V., Lalevi¢, B., Rudi, Z., Bozi¢, M., 2013. Macrophytes as
remediation technology in improving Ludas lake sediment. Fras. Environ. Bull. 22 (6),
1787-1791.

Reis, V., Hermoso, V., Hamilton, S.K.,, Ward, D., Fluet-Chouinard, E., Lehner, B., Linke, S.,
2017. A global assessment of inland conservation status. Bioscience 67 (6), 523-533.

Rodger, H.D., Turnbull, T, Edwards, C., Codd, G.A., 1994. Cyanobacterial (blue-green algal)
bloom associated pathology in brown trout, Salmo trutta L., in Loch Leven, Scotland.
J. Fish Dis. 17 (2), 177-181.

Romo, S., Fernandez, F., Ouahid, Y., Baron-Sola, A., 2012. Assessment of microcystins in
lake water and fish (Mugilidae, Liza sp.) in the largest Spanish coastal lake. Environ.
Monit. Assess. 184 (2), 939-949.

Romo, S., Soria, J., Fernandez, F., Ouahid, Y., Barén-Sol, A., 2013. Water residence time
and the dynamics of toxic cyanobacteria. Freshw. Biol. 58 (3), 513-522.

Rudi¢, Z., Vujovi¢, B., BoZi¢, M., Raitevi¢, V., 2015. Lake Ludas special nature reserve — bac-
teriological point of view. 7. International Conference “Water & Fish” Faculty of Agri-
culture, Belgrade-Zemun, Serbia.

Sabatini, S.E., Brena, B.M., Luquet, C.M., Julian, M.S., Pirez, M., deMolina, M.CR., 2011.
Microcystin accumulation and antioxidant responses in the freshwater clam Diplodon
chilensis patagonicus upon subchronic exposure to toxic Microcystis aeruginosa.
Ecotoxicol. Environ. Saf. 74 (5), 1188-1194.

Sahu, N, Tangutur, A.D., 2014. Airborne algae: overview of the current status and its im-
plications on the environment. Aerobiologia 31 (1), 89-97.


http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0385
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0385
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0385
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0385
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0390
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0390
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0390
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0395
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0395
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0395
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0400
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0400
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0400
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0405
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0405
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0410
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0410
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0415
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0415
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0420
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0420
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0420
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0425
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0425
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0425
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0430
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0430
https://doi.org/10.1371/journal.pone.0082510
https://doi.org/10.1371/journal.pone.0082510
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0440
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0445
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0445
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0445
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0450
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0450
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0450
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0455
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0455
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0455
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0460
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0460
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0460
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0465
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0465
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0465
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0470
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0470
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0475
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0475
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0475
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0480
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0480
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0485
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0485
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0490
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0490
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0495
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0495
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0495
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0500
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0500
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0505
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0505
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0510
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0510
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0510
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0510
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0515
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0515
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0515
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0515
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0520
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0520
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0520
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0520
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0525
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0525
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0525
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0530
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0530
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0535
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0535
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0535
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0540
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0540
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0545
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0545
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0550
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0550
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0550
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0555
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0555
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0555
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0560
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0560
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0560
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0565
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0565
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0565
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0565
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0565
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0580
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0580
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0585
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0585
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0585
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0590
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0590
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0595
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0595
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0600
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0600
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0600
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0600
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0605
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0605
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0605
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0610
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0610
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0610
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0615
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0615
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0620
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0620
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0620
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0625
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0625
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0630
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0630
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0630
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0635
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0635
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0635
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0635
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0640
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0640
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0640
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0645
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0645
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0645
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0650
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0655
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0655
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0655
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0660
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0660
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0660
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0665
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0665
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0670
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0670
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0670
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0675
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0675
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0675
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0680
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0680

1062 N. Tokodi et al. / Science of the Total Environment 635 (2018) 1047-1062

Saqurane, S., Ouahid, Y., El Ghazalj, I, Oudra, B., Bouarab, L., Del Campo, F., 2009. Physio-
logical changes in Triticum durum, Zea mays, Pisum sativum and Lens esculenta culti-
vars, caused by irrigation with water contaminated with microcystins: a laboratory
experimental approach. Toxicon 53 (7-8), 786-796.

Schlichting, H.E., 1960. The role of waterfowl in the dispersal of algae. Trans. Am. Microsc.
Soc. 79, 160-166.
cvetanje cijanobakterija u Srbiji. Visoka Sola za varstvo okolja, Velenje, Slovenia.

Selesi, D., 1981. Limnological investigations of Lake Ludos. Vode Vojvodine 9, 333-352.

Selesi, D., 2006. Voda Ludaskog jezera. Javno preduzece Pali¢c-Ludas, Subotica.

Singh, N.P., McCoy, M.T., Tice, RR,, Schneider, E.L., 1988. A simple technique for quantita-
tion of low levels of DNA damage in individual cells. Exp. Cell Res. 175 (1), 184-191.

Simeunovig, J., 2009. Ekofizioloske karakteristike potencijalno toksicnih i toksi¢nih
vodenih sojeva cijanobakterija na podrucju Vojvodine. Ph.D. dissertation. University
of Novi Sad, Novi Sad, Serbia.

Simeunovig, J., Svir€ev, Z., Karaman, M., KneZevi¢, P., Melar, M., 2010. Cyanobacterial
blooms and first observation of microcystin occurrences in freshwater ecosystems
in Vojvodina region (Serbia). Fresenius Environ. Bull. 19 (2), 198-207.

Sipid, V.0., Karlsson, K.M., Meriluoto, J.A., Kankaanpdd, H.T., 2004. Eiders (Somateria
mollissima) obtain nodularin, a cyanobacterial hepatotoxin, in Baltic Sea food web.
Environ. Toxicol. Chem. 23 (5), 1256-1260.

Sipid, V.0., Sjovall, O., Valtonen, T., Barnaby, D.L.,, Codd, G.A., Metcalf, J.S., Kilpi, M.,
Mustonen, O., Meriluoto, J.A., 2006. Analysis of nodularin-R in eider (Somateria
mollissima), roach (Rutilus rutilus L.), and flounder (Platichthys flesus L.) liver and
muscle samples from the western Gulf of Finland, northern Baltic Sea. Environ.
Toxicol. Chem. 25 (11), 2834-2839.

Sipid, V., Neffling, M.R., Metcalf, ]., Nybom, S., Meriluoto, ]., Codd, G., 2008. Nodularin in
feathers and liver of eiders (Somateria mollissima) caught from the western Gulf of
Finland in June-September 2005. Harmful Algae 7, 99-105.

Skocovska, B., Hilscherovd, K., Babica, P., Adamovsky, O., Band'ouchova, H., Hordkovs, J.,
Knotkova, Z., Marsalek, B., Paskova, V., Pikula, J., 2007. Effects of cyanobacterial bio-
mass on the Japanese quail. Toxicon 49 (6), 793-803.

Snyder, G.S., Goodwin, A.E., Freeman, D.W., 2002. Evidence that channel catfish, Ictalurus
punctatus (Rafinesque), mortality is not linked to ingestion of the hepatotoxin
microcystin-LR. J. Fish Dis. 25 (5), 275-286.

Soares, R.M., Yuan, M., Servaites, ].C.,, Delgado, A., Magalhdes, V.F., Hilborn, E.D.,
Carmichael, W.W., Azevedo, S.M., 2006. Sublethal exposure from microcystins to
renal insufficiency patients in Rio de Janeiro, Brazil. Environ. Toxicol. 21 (2), 95-103.

Stoyneva, M., 1995. Algal Flora of the Danube River (Bulgarian sector) and Adjoined
Water Basins. V. Algal Flora of the Water Bodies Adjacent to the Lake of Srebarna.
88. Annuaire de I'Universite de Sofa “St. Klimnet Ohridski”, Faculte de Biologie,
pp. 5-19 Livre 2-Botanique.

Stiiken, A, Riicker, ], Endrulat, T., Preussel, K., Hemm, M., Nixdorf, B., Karsten, U., Wiedner,
C., 2006. Distribution of three alien cyanobacterial species (Nostocales) in northeast
Germany: Cylindrospermopsis raciborskii, Anabaena bergii and Aphanizomenon
aphanizomenoides. Phycologia 45 (6), 696-703.

Suicmez, M., Kayim, M., Koseoglu, D., Hasdemir, E., 2006. Toxic effects of lead on the liver
and gills of Oncorhynchus mykiss Walbaum 1792. Bull. Environ. Contam. Toxicol. 77
(4), 551-558.

Sunjog, K., Kolarevi¢, S., Héberger, K., Gaci¢, Z., Knezevic-Vukcevic, J., Vukovic-Gacic, B.,
Lenhardt, M., 2013. Comparison of comet assay parameters for estimation of
genotoxicity by sum of ranking differences. Anal. Bioanal. Chem. 405 (14), 4879-4885.

Sunjog, K., Kolarevic, S., Kracun-Kolarevi¢, M., GaCi¢, Z., Skori¢, S., Dikanovic, V., Lenhardt, M.,
Vukovic¢-Gaci¢, B., 2014. Variability in DNA damage of chub (Squalius cephalus L.) blood,
gill and liver cells during the annual cycle. Environ. Toxicol. Pharmacol. 37 (3), 967-974.

Sunjog, K., Kolarevi¢, S., Kratun-Kolarevi¢, M., Visnji¢-Jefti¢, Z., Skori¢, S., Gati¢, Z.,
Lenhardt, M., Vasic¢, N., Vukovi¢-Gatic, B., 2016. Assessment of status of three water
bodies in Serbia based on tissue metal and metalloid concentration (ICP-OES) and
genotoxicity (comet assay). Environ. Pollut. 213, 600-607.

Svir¢ev, Z., Simeunovi, J., Subakov-Simi¢, G., Krsti¢, S., Vidovi¢, M., 2007. Freshwater
cyanobacterial blooms and cyanotoxin production in Serbia in the past 25 years.
Geographica Pannonica (11), 32-38.

SvirCev, Z., Markovi¢, B.S., Krsti¢, S., Plavsa, ., 2008. Surface Freshwater Quality State in
Vojvodina and Proposal for the WFD Monitoring System Based on Some Biological El-
ements. Faculty of Sciences, University of Novi Sad, Novi Sad, pp. 97-121.

SvirCev, Z., Krsti, S., Miladinov-Mikov, M., Vidovi¢, M., 2009. Freshwater cyanobacterial
blooms and primary liver cancer epidemiological studies in Serbia. J. Environ. Sci.
Health C 27 (1), 36-55.

Svircev, Z., Balti¢, V., Gantar, M., Jukovi¢, M., Stojanovi¢, D., Balti¢, M., 2010. Molecular as-
pects of microcystin-induced hepatotoxicity and hepatocarcinogenesis. J. Environ. Sci.
Health C 28 (1), 39-59.

Svircev, Z., Drobac, D., Tokodi, N., Vidovi¢, M., Simeunovic, J., Miladinov-Mikov, M., Balti¢,
V., 2013a. Epidemiology of primary liver cancer in Serbia and possible connection
with cyanobacterial blooms. J. Environ. Sci. Health C 31 (3), 181-200.

Svircev, Z., Simeunovi, J., Subakov-Simi¢, G., Krsti¢, S., Panteli¢, D., Duli¢, T., 2013b.
Cyanobacterial blooms and their toxicity in Vojvodina lakes. Serbia. Int. J. Environ.
Health R. 7 (3), 745-758.

Svircev, Z., Drobac, D., Tokodi, N., LuZanin, Z., Munjas, A.M., Nikolin, B., Vuleta, D.,
Meriluoto, J., 2014a. Epidemiology of cancers and in Serbia and possible connection
with cyanobacterial blooms. J. Environ. Sci. Health C 32 (4), 319-337.

Svir€ev, Z., Tokodi, N., Drobac, D., Codd, G.A., 2014b. Cyanobacteria in aquatic ecosystems
in Serbia: effects on water quality, human health and biodiversity. Syst. Biodivers. 12
(3), 261-270.

Svircev, Z., Luji¢, J., Marinovi¢, Z., Drobac, D., Tokodi, N., Stojiljkovi¢, B., Meriluoto, J., 2015.
Toxicopathology induced by microcystins and nodularin: a histopathological review.
J. Environ. Sci. Health C 33 (2), 125-167.

Svir€ev, Z., Obradovit, V., Codd, G.A., Marjanovi¢, P., Spoof, L., Drobac, D., Tokodji, N.,
Petkovig, A., Nenin, T., Simeunovic, ]., Vazi¢, T., Meriluoto, ]., 2016. Massive fish mor-
tality and Cylindrospermopsis raciborskii bloom in Aleksandrovac Lake. Ecotoxicology
25 (7), 1353-1363.

SvirCev, Z., Drobac, D., Tokodi, N., Peni¢, D., Simeunovic, J., Hiskia, A., Kaloudis, T., Mijovic, B.,
Susak, S., Proti¢, M., Vidovi¢, M., Onjia, A, Nybom, S., VaZi¢, T., Palanacki Male3evi¢, T.,
Duli¢, T., Panteli¢, D., Vukasinovi¢, M., Meriluoto, J., 2017a. Lessons from the UZice
case: how to complement analytical data. In: Meriluoto, ]., Spoof, L., Codd, G.A. (Eds.),
Handbook of Cyanobacterial Monitoring and Cyanotoxin Analysis. Wiley, Chichester,
pp. 298-308.

Svircev, Z., Drobac, D., Tokodi, N., Mijovi¢, B., Codd, G.A., Meriluoto, J., 2017b. Toxicology of
microcystins with reference to cases of human intoxications and epidemiological inves-
tigations of exposures to cyanobacteria and cyanotoxins. Arch. Toxicol. 91 (2), 621-650.

Svircev, Z., Tokodi, N., Drobac, D., 2017c. Review of 130 years of research on cyanobacteria
in aquatic ecosystems in Serbia presented in a Serbian Cyanobacterial Database. Adv.
Oceanogr. Limnol. 8 (1), 153-160.

Stewart, I, Seawright, A.A,, Shaw, G.R., 2008. Cyanobacterial poisoning in livestock, wild
mammals and birds - an overview. In: Hudnell, H.K. (Ed.), Cyanobacterial Harmful
Algal Blooms: State of the Science and Research Needs. Springer Science, New York,
pp. 613-637.

Trinchet, I, Djediat, C., Huet, H., Dao, S.P., Edery, M., 2011. Pathological modifications fol-
lowing sub-chronic exposure of medaka fish (Oryzias latipes) to microcystin-LR.
Reprod. Toxicol. 32 (3), 329-340.

Utermohl, H., 1958. Zur vervolkumng der quantitative phytoplankton methodic. Mitt. Int.
Ver. Limnol. 9, 1-38.

Vinagre, T.M., Alciati, ].C., Regoli, F., Bocchetti, R., Yunes, ].S., Bianchini, A., Monserrat, ].M.,
2003. Effect of microcystins on ion regulation and antioxidant system in gills of the
estuarine crab Chasmagnathus granulates (Decapoda, Grapsidae). Comp. Biochem.
Physiol. Part C Toxicol. Pharmacol. 135 (1), 67-75.

Veen, A, Hof, CHJ.,, Kouwets, F.A.C., Berkhout, T., 2015. Rijkswaterstaat Waterdienst,
Informatiehuis Water [Taxa Watermanagement the Netherlands (TWN)]. http://ipt.
nlbif.nl/ipt/resource?r=checklist-twn last online October 2017. Laboratory for Hy-
drobiological Analysis, Rijkswaterstaat, The Netherlands.

Verhoeven, ].T.A., 2014. Wetlands in Europe: perspectives for restoration of a lost para-
dise. Ecol. Eng. 66, 6-9.

Velma, V., Tchounwou, P.B., 2013. Oxidative stress and DNA damage induced by chro-
mium in liver and kidney of goldfish, Carassius auratus. Biomark. Insights 8, 43-51.

Weenink, E.FJ., Luimstra, V.M., Schuurmans, ].M., Van Herk, MJ., Visser, P.M., Matthijs, H.C.P.,
2015. Combatting cyanobacteria with hydrogen peroxide: a laboratory study on the
consequences for phytoplankton community and diversity. Front. Microbiol. 6, 714.

Williams, D.E., Craig, M., Dawe, S.C., Kent, M.L., Andersen, R/J., Holmes, C.F.B., 1997a. C-14-
labeled microcystin-LR administered to Atlantic salmon via intraperitoneal injection
provides in vivo evidence for covalent binding of microcystin-LR in salmon livers.
Toxicon 35 (6), 985-989.

Williams, D.E., Craig, M., Dawe, S.C,, Kent, M.L,, Holmes, C.F.B., Andersen, RJ., 1997b. Evi-
dence for a covalently bound form of microcystin-LR in salmon liver and Dungeness
crab larvae. Chem. Res. Toxicol. 10 (4), 463-469.

Wood, S.A., Rueckert, A., Hamilton, D.P., Cary, S.C., Dietrich, D.R., 2011. Switching toxin
production on and off: intermittent microcystin synthesis in a Microcystis bloom. En-
viron. Microbiol. Rep. 3 (1), 118-124.

World Bank Report DM 4307, 2011. Introducing Daphnia grazing to control global
warming - associated cyanobacterial toxic blooms in fishing pond. World Health Or-
ganization 1998. Guidelines for Drinking-Water Quality, 2nd edition WHO, Geneva,
Switzerland Addendum to Vol. 2.

World Health Organization, 1998. Guidelines for Drinking-Water Quality. 2nd ed. WHO,
Geneva Addendum to Vol. 2.

Xie, L., Xie, P., Ozawa, K., Honma, T., Yokoyama, A., Park, H.-D., 2004. Dynamics of
microcystins-LR and -RR in the phytoplanktivorous silver carp in a sub-chronic toxic-
ity experiment. Environ. Pollut. 127, 431-439.

Xie, L.Q.,, Xie, P., Guo, L.G., Li, L., Miyabara, Y., 2005. Organ distribution and bioaccumula-
tion of microcystins in freshwater fish at different trophic levels from the eutrophic
Lake Chaohu, China. Environ. Toxicol. 20 (3), 293-300.

Yamasaki, S., 1993. Probable effects of algal bloom on the growth of Phragmites australis
(Cav.) Trin. Ex Steud. J. Plant Res. 106 (2), 113-120.

Ye, ZH., Wong, M.H., Baker, AJ.M., Willis, AJ., 1998. Comparison of biomass and metal up-
take between two populations of Phragmites australis grown in flooded and dry con-
ditions. Ann. Bot. Lond. 82 (1), 83-87.

Zapomelova, E., Hrouzek, P., Rezanka, T., Jezberovs, J., Rehdkova, K., Hisem, D., Komérkov4,
J. 2011. Polyphasic characterization of Dolichospermum spp. and Sphaerospermopsis
spp. (Nostocales, Cyanobacteria): morphology, 16S rRNA gene sequences and fatty
acid and secondary metabolites profiles. J. Phycol. 47 (5), 1152-1163.

Zegura, B., Straser, A., Filipi¢, M., 2011. Genotoxicity and potential carcinogenicity of
cyanobacterial toxins - a review. Mutat. Res. 727 (1-2):16-41. http://www.serbia.
com/srpski/posetite-srbiju/prirodne-lepote/reke-i-jezera/ludasko-jezero-specijalni-
rezervat-prirode-star-milion-godina/.

Zervou, SK., Christophoridis, C., Kaloudis, T., Triantis, T.M., Hiskia, A., 2017. New SPE-LC-
MS/MS method for simultaneous determination of multi-class cyanobacterial and
algal toxins. ]. Hazard. Mater. 323 (Pt A), 56-66.

Zhang, D., Xie, P., Liu, Y., Qiu, T., 2009. Transfer, distribution and bioaccumulation of
microcystins in the aquatic food web in Lake Taihu, China, with potential risks to
human health. Sci. Total Environ. 407 (7), 2191-2199.

Zhao, F.,, Wang, B., Zhang, X., Tian, H., Wang, W., Ry, S., 2015. Induction of DNA base dam-
age and strand breaks in peripheral erythrocytes and the underlying mechanism in
goldfish (Carassius auratus) exposed to monocrotophos. Fish Physiol. Biochem. 41
(3), 613-624.


http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0685
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0685
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0685
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0685
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0690
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0690
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0695
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0695
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0700
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0705
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0710
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0710
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0720
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0720
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0720
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0725
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0725
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0725
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0730
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0730
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0730
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0735
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0735
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0735
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0735
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0740
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0740
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0740
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0745
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0745
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0750
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0750
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0750
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0755
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0755
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0760
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0760
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0760
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0760
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0765
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0765
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0765
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0770
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0770
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0770
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0775
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0775
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0780
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0780
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0785
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0785
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0785
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0790
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0790
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0790
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0795
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0795
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0795
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0800
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0800
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0800
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0805
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0805
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0805
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0810
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0810
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0815
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0815
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0820
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0820
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0825
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0825
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0825
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0830
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0830
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0835
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0835
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0835
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0840
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0840
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0840
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0840
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0845
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0845
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0845
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0850
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0850
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0850
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0855
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0855
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0855
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0855
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0860
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0860
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0860
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0865
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0865
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0870
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0870
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0870
http://ipt.nlbif.nl/ipt/resource?r=checklist-twn
http://ipt.nlbif.nl/ipt/resource?r=checklist-twn
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0880
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0880
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0885
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0885
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0890
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0890
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0895
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0895
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0895
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0895
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0900
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0900
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0900
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0905
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0905
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0905
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0910
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0910
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0910
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0910
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0915
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0915
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0920
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0920
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0920
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0925
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0925
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0925
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0930
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0930
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0935
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0935
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0935
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0940
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0940
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0940
http://www.serbia.com/srpski/posetite-srbiju/prirodne-lepote/reke-i-jezera/ludasko-jezero-specijalni-rezervat-prirode-star-milion-godina/
http://www.serbia.com/srpski/posetite-srbiju/prirodne-lepote/reke-i-jezera/ludasko-jezero-specijalni-rezervat-prirode-star-milion-godina/
http://www.serbia.com/srpski/posetite-srbiju/prirodne-lepote/reke-i-jezera/ludasko-jezero-specijalni-rezervat-prirode-star-milion-godina/
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0950
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0950
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0950
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0955
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0955
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0955
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0960
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0960
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0960
http://refhub.elsevier.com/S0048-9697(18)31351-2/rf0960

	Cyanobacterial effects in Lake Ludoš, Serbia -� Is preservation of a degraded aquatic ecosystem justified?
	1. Introduction
	2. Materials and methods
	2.1. Sampling site
	2.2. Cyanobacterial assessment
	2.2.1. Chlorophyll a analyses
	2.2.2. Qualitative and quantitative analyses of cyanobacteria

	2.3. Toxicity and cyanotoxin assessment
	2.3.1. Artemia salina bioassay of water samples
	2.3.2. Protein phosphatase 1 inhibition assay (PPI) of water samples
	2.3.3. Enzyme-linked immunosorbent assay (ELISA) in water samples
	2.3.4. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) of plant tissue samples
	2.3.5. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) of fish tissue samples

	2.4. Effects of the cyanobacterial bloom on fish tissues
	2.4.1. Fish histopathology
	2.4.2. Comet assay

	2.5. Hydrogen peroxide treatment of water in vitro
	2.5.1. Extraction of filters from hydrogen peroxide experiments for MC analysis


	3. Results
	3.1. Cyanobacterial presence and toxicity
	3.2. Effects of the water bloom on fish tissues
	3.3. Hydrogen peroxide treatment of the lake water in vitro

	4. Discussion
	5. Conclusion
	Conflicts of interest
	Acknowledgement
	References


