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1. THE EMERTOX PROJECT
BACKGROUND

The occurrence of other marine toxins in North Atlantic coastal 
waters has been sporadically reported, usually after a human 
poisoning episode.

In 2007, a Spanish man that consumed a gastropod of the genus Charonia collected in the South of Portugal 

(Algarve) experienced severe symptoms of poisoning and needed hospital care. High-performance liquid 

chromatography-mass spectrometry analysis of the suspected specimen revealed the presence of tetrodotoxin 

(TTX) and 5,6,11-trideoxyTTX analogue, at levels highly enough to cause the poisoning. In Europe, the first report on 

the occurrence of Gambierdiscus sp. as a potential producer of ciguatoxin (CTX) was documented in Crete in 2003.

Latter, suspected ciguatera poisonings occurred in fishermen after consumption of fish belonging to the 

genus Seriola from the Madeira island archipelago, whereas subsequent analyses revealed the presence 

of CTXs in other specimens from the same genus.

From 2009, the Canary Islands Health Service has implemented the SVEICC (Sistema de Vigilancia Epidemiológica 

de la Intoxicación por Ciguatera en Canarias, Epidemiological Surveillance System of Ciguatera Poisoning in Canary 

Islands), based on urgent and compulsory notification of all cases that are treated in the healthcare system with 

symptoms consistent with ciguatera, and the collection of basic data on a case-specific epidemiological 

questionnaire as well as a Protocol for the epidemiological surveillance of ciguatera poisoning in the Canary Islands.

The project EMERTOX will create a robust and sustainable network of experts with excelente 

complementary competencies on marine algal toxins and the detection of the organisms producing 

these toxins. The network will collaborate not only with national authorities but also with European ones, such as 

the European Food Safety Authority (EFSA), for the assessment and management of risks associated to emerging 

toxins and the species that produce them. Current risks assessment relating to emerging harmful algae and 

predicting future scenarios will be fundamental for EFSA, which will recommend whether these emerging toxins 

should be monitored in Europe, and for the development appropriate strategies to protect human health.
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2. EMERTOX
THE OBJECTIVES

EMERTOX aims to predict the actual situation in emergent marine toxins and the producing organisms, develop 

new approaches to assess their occurrence and predict the possible future scenarios in the framework of global 

warming. The consortium, formed by a multidisciplinary team, will produce a joint research and innovation project 

that will exploit the complementary expertise of the participants and will create synergies among them.

The project has three main objectives.

The first objectives is to assess the current situation on potentially harmful algae and bacteria and the relevant 

emerging toxins in 8 countries belonging to different but geographically connected areas (Mediterranean Sea and 

North Atlantic).

The second objectives is to develop innovative approaches to sample, and analyze the producing organisms and 

their toxins by chemical and biological methods including immunoassays and sensors.

The third objective is to estimate different future scenarios based on molecular data (routes of dispersion) and 
modelling.
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Work package 1 - Management and comunication;

Work package 2 - Developing sampling strategies and equipment for organisms and toxins;

Work package 3 – Optimizing biological methods for detection and qualification;

Work package 4 –  Develop and test a laboratory-on-a-chip systems;

Work package 5 – Optimizing chemical methods for detection and quantification;

Work package 6 – Mapping emerging toxins and organisms in the Atlantic and Mediterranean;

Work package 7 – Predicting dispersion of organisms and toxin in diferent environmental change scenarios.
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3. PROJECT
STRUCTURE

WP7
PREDICTING

WP5
CHEMICAL
METHODS

WP6
MAPPING

WP4
LAB-ON-A-CHIP

WP3
BIOLOGICAL
METHODS

WP2
SAMPLING
DEVICES

WP1
MANAGEMENT

EMERTOX will advance research and innovation in the area of emerging marine toxins and will potentiate the 

cross-sectorial transfer of knowledge and to enhance skills and expertise of the seconded staff. The partnership will 

support the successful implementation of the project by planning several secondments, will organize and take part 

in training, workshops, seminars and conferences, aimed to share knowledge, acquiring new skills and career 

development for the involved staff members.

EMERTOX will be implemented in 7 work packages:



The main objective of conducting the international conference in Cabo Verde was to put together the 

exclusive access to samples, useful to understand the origin and evolution of emerging marine toxin 

producing species, and a kick off meeting where for the first time all partners could be together in the 

same place.

This were the ideal set for the transference of knowledge among partners and especially with Cape Verde 

researchers and authorities, related to fish and shellfish safety assessment, environmental and human health 

technicians as well as university staff. For the first time all partners were together in the same place and harmonized 

sampling strategies. 
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Current Knowledge on Toxic Microalgae status along the southwestern
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Advances in molecular tools for routine monitoring of toxic algae and pathogens

in aquatic ecosystems with an emphasis on EMERTOX species
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Use of marine toxins as potential drug leads
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Episodes of human poisoning caused by Harmful Algal Blooms have been commonly recorded in the last century 

mostly because of the lack of regular monitoring programs. Nowadays, the cases of human poisonings are sporadic, 

usually because of violations of national health authorities’ regulations imposing the closure of harvesting areas and 

seafood commercialization. The European authorities have monitoring program for planktonic marine toxic algae, 

but some of the emergent toxins (tetrodotoxins, ciguatoxins, palitoxins) are produced by benthic dinoflagelate 

species or bacteria, so new strategies are need for sampling these organisms. The current sampling and analysis 

methods are time consuming and ex situ, delaying the production of data and increasing the risks for consumers. 

There is a need for new methods for sampling of emergent toxic microalgae and bacteria as also for the analysis of 

their toxins. In situ, on line methods are needed so as to have a rapid approach to give regulatory authorities data to 

be used for management. The toxins profiles are also not yet fully understood. Ciguatoxin variants may be 

underestimated since the profiles that occur in the producing algae may differ from those in fish vectors and in 

intoxicated humans.

There is a lack of systematic data on the occurrence of emergent marine toxins and the producing organisms in 

Europe (seasonal and geographical variation). These data are urgent to prevent new human intoxications and to 

assist national and European authorities to design a Road Map on emergent marine toxins in Europe.  The project 

EMERTOX will create a robust and sustainable network of experts with excellent complementary competencies on 

marine algal toxins and the detection of the organisms producing these toxins. The network will collaborate not only 

with national authorities but also with European ones, such as the European Food Safety Authority (EFSA), for the 

assessment and management of risks associated to emerging toxins and the species that produce them. Current 

risks assessment relating to emerging harmful algae and predicting future scenarios will be fundamental for EFSA, 

which will recommend whether these emerging toxins should be monitored in Europe, and for the development 

appropriate strategies to protect human health. 

Marine Toxins and the EMERTOX project
Vitor Vasconcelos
CIIMAR and University of Porto, Portugal
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Harmful Algal Blooms (HABs) have been identified as a nuisance for public health since the mid-19th century, even 

though historic reports and paleological studies demonstrate that they have been present in nature for much longer. 

When referring to emerging organisms or toxins we refer to our emerging knowledge of their existence, or the 

geographical spreading or increase in abundance of such organisms in present conditions or in new regions. 

Different approaches can be used in tracing the emergence of novel organisms or the toxins they produce. At 

Ifremer, systematic review of the global distribution of HAB organisms and their toxins is the basis for monitoring 

and research on potential appearance of such organisms. A dual monitoring system is in place since 1984, based on 

both monitoring of the water column in coastal areas and analysis of shellfish and analysis of the toxins 

accumulated. Since the mouse bioassay was abandoned in France in 2010, novel approaches are being developed for 

detecting changes in the phytoplankton community or the toxins observed in coastal waters.

One approach consists in multiplying methods of analysis to detect more analyte groups in one go. This approach 

has been pursued on a national basis and allows for screening of a larger number of compounds that may emerge 

over time. The national monitoring programme thus includes a number of non-regulated toxin groups, albeit at a 

lower frequency and spatial resolution. 

In parallel, a more holistic chemical analysis has been developed using metabolomic techniques, i.e. ultra-high 

performance liquid chromatography coupled to high resolution mass spectrometry. While traditional analytical 

techniques are limited to several dozens of analytes, the metabolomic approach may allow for the screening of 

thousands of compounds. This approach also becomes powerful when integrating it with passive sampling for 

tracing algal metabolites directly in the water column but has yet to be implemented in routine.

Emerging toxins – what they are, why they are
important and how Ifremer approaches them.

Philipp Hess
Ifremer
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Palytoxin (PLTX), one of the most harmful natural compounds, was initially identified in Palythoa corals and 

subsequently also in Ostreopsis dinoflagellates and Trichodesmium cyanobacteria. In tropical areas, severe human 

poisonings ascribed to PLTX and/or its analogues were associated to ingestion of contaminated seafood, whereas 

increasing of cases adverse effects after inhalation of marine aereosol and/or cutaneous contact with seawater 

during Ostreopsis blooms were recorded in temperate areas during the last decades.

Recent investigations have reported an increasing number of PLTX analogues, depending on the source of origin. In 

the Mediterranean area, for instance, Ostreopsis ovata is reported to produce mainly ovatoxins (OVTXs), with a 

prevalence of ovatoxin-a (OVTX-a) and only traces of PLTX. Given the growing cases of adverse effects ascribed to 

PLTXs and the considerable amounts of OVTX-a detected in Ostreopsis and/or edible marine organisms in the 

Mediterranean Sea, sampling protocols as well as rapid and sensible methods to detect these toxins both in 

microalgae and seafood are required. In addition, it is necessary to define the toxicological profile of the new PLTX 

analogues. Unfortunately, from a toxicological point of view very few information are available, so far.

Recently, we demonstrated that the diasteroisomer of 42-OH-PLTX detected in Palythoa tuberculosa is less toxic in 

vitro than PLTX and 42-OH-PLTX. Similarly, OVTX-a seems to be less cytotoxic than PLTX on skin keratinocytes. Given 

the availability of sufficient amounts of these new toxins, in vivo studies should confirm these results necessary for 

the evaluation of the actual risk for human health associated to these toxins.

Palytoxins as emerging toxins in temperate areas.

Aurelia Tubaro
Department of Life Science, University of Trieste, 34127 Trieste, Italy
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The proliferation of toxic microalgae and shellfish contamination by phycotoxins are natural phenomena that cause 

significant economic losses in the level of world aquaculture. Tunisia has not escaped this phenomenon especially in 

the Gulf of Gabès (south-eastern Mediterranean Sea). 

The ecological and biological data acquired during the last 20 years (1995-2015) as part of the monitoring network 

of shellfish production areas on Tunisian coasts showed that i) the dinoflagellate Karenia selliformis has a frequency 

of occurrence in the gulf exceeding 84% of HABs episodes inducing a persistence of gymnodimine in the Grooved 

Carpet Shell Ruditapes decussates ii) the presence of toxic dinoflagellate with low occurrence such as Alexandrium 

minitum, Ostreopsis ovata and Coolia monotis.

The deployment of Solid Phase Adsorption Toxin Tracking (SPATT) as a complementary method to monitor toxic 

events in sfax region (S4) showed the detection of OA and DTX-1 mainly in spring and summer associated with the 

Increase of Prorocentrum lima cell numbers in interface sediment. 

Current Knowledge on Toxic Microalgae status 
along the southwestern Mediterranean coasts
(Gulf of Gabès, Tunisia).

Walid Medhioub
Institut National des Sciences et technologies de la Mer, 
Laboratoire Milieu Marin. Centre d’aquaculture de Monastir.Tunisie.
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Medlin has developed in three EU projects: a biosensor and phylochip (microarray) for the detection of toxic algae in 

marine waters and for freshwater pathogens in freshwaters, respectively, and tested them with environmental 

samples in 5 countries for the toxic algae and 6 countries for the freshwater pathogens. Environmental samples 

were filtered until the filters clogged (ca 1-2 liters) or 50 liters were concentrated into one litre using a kidney dialysis 

filter. Total RNA was extracted using TriReagent and used as target template for the molecular devices, so PCR steps 

were not involved. Microarrays (phylochips) are single barcodes or oligonucleotides applied to the surface of a glass 

slide in an ordered array.

When rRNA is hybridised to the barcodes, the resultant fluorescent pattern can identify organisms and can facilitate 

monitoring for any microorganism in any environment and visualize its changes in abundance over time for 

long-term records. Where calibration curves have been made, then the microarray fluoresecent signal can be 

converted into cell numbers. In a fourth EU project microarray, SMS, probes were transferred to a sandwich 

hybridisation coupled to an electrochemical and a colorimeter detection, which uses two barcodes to recognise the 

target.The electrochemical detection was 16 fold higher than that obtained in earlier EU projects. In Emertox we will 

expand the electrochemical sandwich hybridisation method by lengthening the two barcodes to 30 bp each and use 

a new labelling compound to produce a higher signal and we will also use a new method that requires only one 

barcode instead of two, which generates an even higher signal. These developments will be done manually in an 

electrochemical ELISA plate with magnets so that the plates can be regenerated.  Calibration curves and barcode 

specificity will be performed with this method.  After optimisation the entire procedure will be transferred to a 

automated device: a laboratory on a chip (LOC) with 16 electrodes.  We will develop a mutliplexed system of six chips 

to equal the capacity of the ELISA plate.  Magnets are also associated with the LOC so that it can also be regenerated.  

Regenerated ELISA plates and LOC devices will lower the per unit price to perform one monitoring test down to 

about 15€, excluding the one time purchase of the amperiometer at ca. 6000 €.

Advances in molecular tools for routine 
monitoring of toxic algae and pathogens in
aquatic ecosystems.

Linda K. Medlin1 and Gerado
Mengs2, Marine Biological Association of the UK, Plymouth, UK, 
Natural Biotech, Madrid, Spain.

14

https://www.mba.ac.uk/
http://www.naturalbiotec.com/


15

Marine toxins are a large group of compounds with very different privileged structures. Their mode of action include 

many targets, but mechanistically they can be regarded as neurotoxic and non-neurotoxic. This presentation will 

discuss about the target for each toxin group, and their potential application in the therapeutic field, specially cancer, 

Alzheimer and inflammation. The therapeutic potential use is limited by the complex chemistry of these type of 

compounds, and therefore it is important to obtain a simple phamacophore for each toxin group from which to build 

new structures. 

The main targets that can be modulated with toxins groups are as follows:

1) Saxitoxin, Tetrodotoxin and analogs. Their potential use is for analgesia and chronic pain.

2) Brevetoxin and ciguatoxin. Their therapeutic use is not fully disclosed yet.

3) Spirolides block nicotinic receptors. They theroretically promote Alzheimer-like symtoms, but they were 

demonstrated to reduce markedly Alzheimer markers.

4) Domoic acid, has no therapeutic use.

5) Yessotoxin. Its main effect is related to activation of phosphodiesterase type 4A. The mode of action if potentially 

effective for cancer, metabolic diseases, Alzheimer and allergy. 

6) Azaspiracids, there is a potential use to reduce cholesterol.

7) Pectenotoxin, produced by the same species that produce okadaic acid and analogs (Dinophysis), has been 

identified as an inhibitor of F-actin, and its potential use is the inhibition of growth of tumoral cells.

8) Palytoxin, produced by Ostreopsis. Their mode of action is the blockade of Na-K ATPases, but their extreme 

toxicity precludes their potential use in therapeutics.

9) Maitotoxin. They tartet TRP receptors, and their potential therapeutic use in currently under study.

10) Okadaic acid and analogs (dinophysistoxins). Their effect is yet to be linked to a potential therapeutic use. 

Marine toxins as potential drug leads.
Luis M Botana, Amparo Alfonso
Dept Pharmacology, Fac. Veterinary,27002 Lugo, Spain. 
Luis.Botana@usc.es, amparo.alfonso@usc.es
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The application of passive sampling technologies for monitoring of chemicals in the environment is becoming widely 

accepted worldwide. Passive samplers represent an innovative tool for monitoring of a wide range of environmental 

pollutants in water. One of the possible uses is the area of emerging marine toxins.

The principle of passive sampling is based on the accumulation of analytes in a suitable medium (sorbent) by 

passive diffusion. After a certain period, often about four weeks, the passive samplers are removed and 

subsequently analysed in the laboratory.

The use of passive samplers greatly reduces the cost and the need of infrastructure on the sampling location. Two 

of the most commonly used passive samplers of organic contaminants in aqueous environment are the 

Semipermeable Membrane Device (SPMD) for nonpolar hydrophobic contaminants and the Polar Organic Chemical 

Integrative Sampler (POCIS) for polar contaminants readily dissolve in water. The SPMD technique is based on 

diffusion of target organic compounds through the membrane into the lipid layer (triolein). This process mimics 

bioconcentration lipophilic pollutants from the environment in adipose tissue of aquatic animals, therefore is often 

called ´Virtual Fish´. The POCIS sampler mimics the respiratory exposure of aquatic organism to organic pollutants.

E&H services, Inc., Czech Republic, (www.ehss.eu) manufactures, samples, sells and analyzes passive samplers. It is 

a main co-organizer of regular International Passive Sampling Workshop and Symposium – IPSW. The 10th IPSW in 

Dublin, Ireland www.ipsw.eu/2018 is approaching.

E&H services laboratory performs routine and advanced ultra-trace chemical and toxicological analytical testing of 

broad range of organic substances, with focus on persistent organic pollutants, main equipment is GC-HRMS, 

LC-MS/MS and GC-MS/MS. The testing lab uses internationally recognized standard EN ISO/IEC 17025 to 

implement a quality system.

Passive sampling methods.
George Oceansky
E&H Services, Inc.
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Application of Current Technologies for the 
Detection of Chemical and Microbiological 
Compounds in Marine Environments.

Jeyan Sreekumar (Q-Technologies Ltd)
Steve Taylor (Q-Technologies Ltd)

Q-Technologies is a leading global supplier of analytical systems to a wide range of industries. We develop and supply 

innovative mass spectrometry and photometry systems. We have exclusive technology providing unique 

cutting-edge solutions across a range of existing and emerging applications.

With the growing concern and pressure to prevent, control and mitigate the chemical and microbiological compounds in 

marine environment, technologies are involved in various stages from prediction to mitigation of harmful species in water. 

To aid in this process, analytical systems are commonly used to measure the amount of toxins that is present in the source 

water. Harmful algae blooms (HABs) in water can produce toxins that could harm humans, marine organisms and 

ecosystems. HABs are a global problem that significantly alters the ecosystem and suffer substantial economic 

losses.There is an urgent need to develop and validate rapid, reliable, cost effective and robust diagnostic tools for 

identification and detection of algal toxins in marine environment. However, the problem of limited measurement features 

of most real-time HABs monitors has restricted its use to handle different algal species.

Now, a reliable, truly portable, field measurement instrument capable of fluorometric technique has been developed for 

both solvent extraction and direct measurements of algal toxins in marine environment. An innovative arrangement in 

ALGAE-600P capable of providing accurate and precise measurements, and offers the flexibility to detect wide range of 

toxins type. The instrument is capable to distinguish and quantify HABs by analysing their fluorescence spectra. We also 

supply the AquaMMS instrument for Volatile Organic Compounds (VOCs) analysis. This instrument technology uses mass 

spectrometry technique to allow monitoring of organic contaminants in water to an extremely high sensitivity. As a mass 

spectrometric technique, the technique is information rich and provides both qualitative data (mass) and quantitative 

data (concentration) of toxins in water. Implementation of these techniques would help the operators to make a 

corrective treatment decision on time. ALGAE-600P analyser provides accurate and timely information on the 

occurrence of different species without a need of re-calibration. Powerful HexaSoft interactive software builds 

intelligence and decision-making capabilities into the instrument. All data processing is performed in the analyser touch 

screen panel. ALGAE-600P analyser has been designed for both field and laboratory bench top analysis.
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7. SAMPLING AT CABO VERDE



São Vicente - Baía das Gatas
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São Vicente - Calhau
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São Vicente - Salamansa
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São Vicente - Baía do Porto Grande
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São Vicente - Praia da Laginha
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Santo Antão - Ponta do Sol 
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