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Introduction
Phytoplanktonic organisms have an important effect on the 

quality of water. Algal blooms may occur in freshwater as well as 
marine environments. With the global expansion of harmful algal 
blooms (HABs), several approaches have been undertaken to monitor 
its occurrence [1-3]. The dinoflagellates and diatoms are the most 
represented phylum and both can to produce a negative impact if 
they are present in densities that would cause HABs with consequent 
health and economic impact on the local population [4,5]. The reasons 
for HABs remain debated and include not only eutrophication, their 
occurrence in some locations appears to be entirely natural, while in 
others they appear to be a result of human activities.  There is an increase 
of monitoring plans in the world (expanding routine coastal monitoring 
programs, deployment of new detection methods for individual species, 
for toxins and toxicities, ...) resulting from the increased impact from 
these HABs [6]. During the last decade, benthic dinoflagellates of the 
genus Ostreopsis have expanded their distribution from tropical–
subtropical to temperate waters, such as the Mediterranean Sea.

The presence of HABs in the Mediterranean Sea is an ecological 
problem but also economic because brings a negative impact on fish 
and mussels producing die-offs of fish stocks wild and farmed [4].  In 
this geographic area, in fact, the fish farms offshore have multiplied.

The HABs had already been identified in the Mediterranean since 
1990 but their presence has intensified in recent years. The HABs, 
especially along the Italian coasts, are an increasingly common event 
and of difficult detection and management [7]. Furthermore, summer 
Ostreopsis ovata blooms mainly in Italian coasts have been recently 
associated with human irritations, resulting in considerable economic 
losses in the tourism industry and in economy related to the fish, 
shellfish and mussels.

In Italy only in 2008 was considered important to recommend 
the monitoring and surveillance of potentially affected areas to HABs 
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[8-10]. The genus Ostreopsis (epiphytic, benthic and planktonic 
dinoflagellate) are detected in Mediterranean Sea and particularly in 
Sicily, Liguria, Tuscany, and Lazio [11-14]. The blooms of the genus 
Ostreopsis (Ostreopsis ovata and Ostreopsis siamensis) can be cause 
the release of palytoxin, among the most powerful and lethal marine 
toxins known, but also severe damage associated with exposure to 
marine aerosol rich in palytoxin. It is therefore evident that a routine 

monitoring strategy for these benthic species is essential in susceptible 
areas.

This research is part of a project of the University of Catania to 
monitor coastal waters of Catania city wetted by the Ionian Sea, in the 
past affected by reports and by toxic and non toxic blooms [15].

Aim of our study was to evaluate the presence of O. ovata in 
samples of seawater and macroalgae in the summer’s months of 2008, 
2009 and 2010 years by pattern recognition using scanning electron 
microscopy (SEM) with microanalysis coupled with the Vibrio fischeri 
ecotoxicological test, to verify possible presence of toxicity.

Materials and Methods
The ionian coast under study is characterized by sandy beaches, 

sand and gravel and basalt cliffs. The monitoring was conducted during 
summers of 2008, 2009 and 2010 years in the sampling sites shown 
in Figure 1, the choice of methodological approach of sampling was 
made on the basis of ministerial directives of Health Ministry [9-10] 
and ISPRA, Italian equivalent of USEPA, which requires one sample per 
month for the months of June, July, August and September.

Water samples were sampled near the coast (within 2 meters from 
the shoreline and a maximum depth of 1 meter). Two water samples 
were sampled, one sample (500ml) for microscopic investigation and 
one sample (50ml) for ecotoxicological test. 

Sampling for macroalgae and ecotoxicological test was carried out 
by the collection of 3 aliquots (distributed along 10 m of the sampling 
site) to form a single representative sample of the under investigation 
site.

As soon as finished the sampling phase, both samples were brought 
in to the laboratory under controlled temperature condition. The 
sample of 500 ml was fixed with 2 ml of Lugol’s solution (Carlo Erba). 
The sample of 50 ml was immediately frozen (-20°C). The samples of 
500 ml were filtered through 5 µm nucleopore membrane filters.  Filters 
were washed up with glass-distilledated water to remove any salts or 
debris. Filters with the phytoplankton were air dried, after which they 
were stuck onto aluminum stubs.  Samples were then coated with gold 
using a Cressington Sputter Coater 108. 

Samples of macroalgae for the microscopic determinations, were 
fixed with 2 ml of Lugol’s solution and prepared by the method indicated 
by Vitale et al. [16], the microscopic determination of macroscopic 
algae and water samples was carried out with SEM-EDXA Cambridge 
Instruments mod. Stereoscan 360 using operational parameters 
described by  Vitale et al. [16].

Quantitation of the produced spectra by microanalysis from 
different cells was carried out using the Oxford INCA Energy software 
with cobalt as reference element.

The toxicity of the water samples (50 ml) obtaining the quality 
of data were performed using the Microtox system (fully automated 
method which allows determination of toxic effects of chemicals on 
photoactive bacteria using inhibition of light emission of Vibrio fischeri  
15-30 min.) managed in accordance with ISO 11348-3:2007. Bacteriea 
emit naturally light which originates in the organism through chemical 
reaction catalyzed with enzyme luciferase. Inhibition of light radiation 
emitting is assessed by bacteria exposed to suitable chosen toxicant 
concentrations. Decrease of bacterial luminiscence measured after 5, 
15 and 30 minutes of exposition serves as test endpoint. The tests were 

Figure 2: Sample of macroalgae rich in species of diatoms from Playa 2008.
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Figure 3: Positive samples tested for toxicity. All other location sampled  
have shown no  toxicity.

 

 

Coolia monotis  

Figure 4: Specimens of Coolia monotis and structure of its frustule (see zoom) 
related to cooliatoxin a neurotoxic analog to yessotoxin.
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Table 1: The frustule of  diatom is made up of quartzite or amorphous hydrated silica, which can be associated with small amounts of aluminum, iron and titanium. As can 
be seen from the table the silica is really too poor (<3%) to be a diatom.

Figure 5: Microanalisis Spectrum Report of by Coolia monotis indicating the costitutive elements of cell (weight %)  (see Table 1).

 

Figure 6: Microanalisis Spectrum Report of by Cocconeis scutellum  indicating the costitutive elements  of cell (weight %)  (see Table 2).
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performed using the Microtox ® Model 500 Toxicity Analyzer from 
Microbics Corporation (AZUR Environmental)  testing the duplicate 
sample using 3,5 Dichlorophenol as element reference toxicant in 
accordance with ISO 11348-3:2007 and paying attention to the quality 
of data  as described by Ledda et al. [17]. The sample toxicity is expressed 
in % and is the mean of two readings at each sample, then the average is 
made of three aliquots sampled. 
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Figure 7: Pseudo-nitzschia galaxie related to Domoic Acid in sea water 
(Amnesic ShellfishPoisoning or ASP).
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Figure 8: Pseudo-nitzschia galaxie, Cocconeis scutellum  and Licmophora 
gracilis in sea water.

 

 

Cocconeis scutellum 

Figure 9: Cocconeis scutellum in magroalgae sampled in Acicastello 2009 and 
structure of its Frustule (see zoom), no toxicity reported.

 

Lauderia annulata 

Figure 10: Lauderia annulata in magroalgae sampled in Acicastello 2010, no 
toxicity reported.

Table 2: The frustule of  diatom (Cocconeis scutellum) is made up of quartzite or amorphous hydrated silica, which  can be associated with small amounts of aluminum, 
iron and titanium.   As can be seen from the table the silica is >3% (double testing), the results indicate that it is a diatom.

The SEM recognition of phytoplankton species found was carried 
out according to the manual “Guide to the recognition of the plankton 
of the Italian seas” [18]. The number of phytoplankton cells was 
determined in according to Utermöhl method [19].  

Results and Discussion
The O. ovata was not observed in the various sampling sites in the 

three years investigated, while peaks of diatoms have been highlighted 
in a not appropriate season in all the samples tested, (>1.000 cell/mL - 
Level 1 of action indicated by WHO), especially in sites next to urban 
and industrial sewage rich in nutrients (Figure 2), however toxicity it 
was not detected by Vibrio fischeri test.
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All samples of macroalgae observed by SEM showed an abundance 
of diatoms in the number and species such as Cocconeis scutellum 
(Figure 9), Lauderia annulata (Figure 10), Licmophora gracilis (Figure 
11), Navicula peregrina (Figure12) and many more, but absence of O. 
ovata.   

Our monitoring has revealed that the algal blooms are not a very 
frequent problem for the Ionian coast, but instead it’s occasional 
blooms, the evidence of this derives from the identification of different 
species in different sites, but especially in periods different from each 
other.

Through this study was therefore possible to show that the Ionic 
seawater in coast of the province of Catania city, although in the 
past have been the subject of alerts and reports HABs, do not show 
an immediate risk to the health of the resident population and for 
economy related to the fish, shellfish and mussels. The identification of 
some toxic species, however, although not significant in number, in any 
case represent a risk that it may become an emergency o bloom under 
specific environmental and climatic conditions [4,8,13]. To protect 
the potentially exposed people’s health is necessary to continue the 
monitoring and complete the preventive action through an adequate 
public information. It should finally be pointed out that the expansion 
of these species during the last years, their occurrence in massive 
blooms in the Mediterranean Sea constitute them as a potential threat 
for human health. It is therefore evident that a routine monitoring 
strategy for these benthic species is essential in susceptible areas.
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Figure 12: Navicula peregrina e Licmophora gracilis in magroalgae sampled 
in Playa 2010.

Only in three sampling sites (water from Scogliera July-2008, Playa 
August-2009 and Capomulini July-2009) the toxicity tests were positive 
respectively 45%, 29% and 28% (see Figure 3). Only in the water from 
Scogliera July-2008 the diatoms are found to be absent (Figure 4). It is 
hypothesized that the toxicity might be attributed to the presence of 
some colonies, respectively: Coolia monotis for water from Scogliera 
July-2008, where the microanalysis showed the Silica absence (Figure 5 
and Table 1) which gave us an absolute certainty that were not diatoms 
compared to a micro-analysis conducted on a diatom (Figure 6 and 
Table 2), tables 1 and 2 with figure 5 and 6 explicate the micro-analysis 
report, these show a difference of Si concentration in diatom. In the 
water sample from Playa August-2009 (Figure 7) and Capomulini July-
2009 (Figure 8) has been detected a minor number of diatoms, but also 
the presence of some individuals of Pseudo-Nitzschia (toxic diatomea). 
This toxicity, in our opinion, could be attributed either to an overuse 
of algaecide by the manager of the nearby bathing establishment, but 
pershap also at the presence of Pseudo-Nitzsche although it was far 
too poor (< 150 cell/ml) to justify the toxicity of the water sampled. 
To give strength to our hypothesis was the lack toxicity in samples 
of Capomulini June, August and September 2008 tested in the same 
sampling site when absent the Pseudo-Nitzsche. Further studies are 
underway in order to elucidate the chemical structure and properties 
of the possible toxicant compound detected in the samples toxic in by 
liquid chromatography and mass spectrometry.
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Figure 11: Licmophora gracilis in magroalgae sampled in Capo Mulini 2010, 
and structure of its. Frustule (see zoom), no toxicity reported.
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