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Risk assessment
A specialised field of applied science that involves reviewing scientific data and studies in order to evaluate risks associated with 

certain hazards. It involves four steps: 

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification 
of biological, chemical, and physical agents capable of causing adverse health effects

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining 
the nature of the adverse health effects associated with biological, chemical and physical 
agents which may be present in food. The process should, if possible, involve an 
understanding of the doses involved and related responses.

EXPOSURE ASSESSMENT: One of the key steps in risk assessment, this relates to a 

thorough evaluation of who, or what, has been exposed to a hazard and a quantification of 

the amounts involved.

RISK CHARACTERIZATION: The final stage of risk assessment, in which the likelihood that a 

particular substance will cause harm is calculated in the light of the nature of the hazard 

and the extent to which people, animals, plants and/or the environment are exposed to it.

STEP 1   >

STEP 2   >

STEP 3   >

STEP 4   >

https://www.efsa.europa.eu/en/glossary/risk-assessment 

“The dose 

makes

the poison”

Paracelsus (1493-1541)

https://www.efsa.europa.eu/en/glossary/risk-assessment
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THE CHALLENGE OF 
NATURAL TOXINS

• HABs are 
sporadic/periodic 
events 

• Toxic outbreaks 
occur under 
particular 
circumstances

• Many congeners, 
difficult to 
synthesize

• Well characterized 
and quantified 
reference material 
is the priority 

https://www.efsa.europa.eu/en/glossary/risk-assessment


Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

Toxin R1 R2 R3 R4 R5 Other

PLTX OH H OH OH OH

OVTX-a H OH H OH H

OVTX-b H OH H OH H + C2H4O  in region N-C8’

OVTX-c H OH OH OH H + C2H4O  in region N-C8’

OVTX-d H OH OH OH H

OVTX-e H OH H OH H + O  in region C8-C8’

OVTX-f H OH H OH H + C2H4  in region C95-C102

OVTX-g H OH H OH H

OVTX-h H OH H H H Open ring in region C42-C49 

OVTX-i H OH H OH H + C2H2O2 – 1 unsaturation in region C49-C52

- O in region C53-C78

OVTX-j1 H OH OH OH H + C2H2O2 – 1 unsaturation in region C49-C52

- O in region C53-C78

OVTX-j2 H OH H OH H + C2H2O2 – 1 unsaturation in region C49-C52

OVTX-k H OH OH OH H + C2H2O2 – 1 unsaturation in region C49-C52

Isobaric PLTX H OH OH OH H + O  in region C8-C8’

Environmental Science and Technology (2017) 51, 13920 https://doi.org/10.1021/acs.est.7b03827 

https://doi.org/10.1021/acs.est.7b03827


Risk assessment of ovatoxins

Environmental Science and Technology (2017) 51, 13920 https://doi.org/10.1021/acs.est.7b03827 

Ostreopsis ovata
From Faust et al 1996

Environmental Pollution  (2019) 244, 617 https://doi.org/10.1016/j.envpol.2018.09.110 

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

https://doi.org/10.1021/acs.est.7b03827
https://doi.org/10.1016/j.envpol.2018.09.110


Risk assessment of ovatoxins

https://www.marinespecies.org/hab/aphia.php?p=taxdetails&id=109524

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

https://www.marinespecies.org/hab/aphia.php?p=taxdetails&id=109524
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HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

https://www.marinespecies.org/hab/aphia.php?p=taxdetails&id=109524


Risk assessment of ovatoxins

PLoS One. 2011 Apr 4;6(4):e18235. doi: 10.1371/journal.pone.0018235.  Environmental Science and Technology (2016) 50, 1023-30 DOI: 10.1021/acs.est.5b05469
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Palythoa-related poisonings 

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

https://doi.org/10.1021/acs.est.5b05469


Risk assessment of ovatoxins

Ostreopsis spp. cysts
since 1972 

BENTHIC HARFUL ALGAL BLOOMS (BHAB) of 
Ostreopsis spp. in the Mediterranean area as the 
result of:

• Nutrient enrichment along coastal waters

• Global warming

• Dispersal and redistribution of algal cells 
through ship ballast waters and plastic debris

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

Extracted  from Toxicon (2011) 57, 400



Risk assessment of ovatoxins

Environmental Science and Technology (2014) 48(6), 3532 https://doi.org/10.1021/es405617d 

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

Environmental Science and Technology (2016) 50, 1023 https://doi.org/10.1021/acs.est.5b05469 

1998-2001 
Massa Carrara  (TOSCANA)

110 persons

2005-2006
Genova (LIGURIA)

 228 persons
2001-2004

Bari (PUGLIA)
28 persons

https://doi.org/10.1021/es405617d
https://doi.org/10.1021/acs.est.5b05469


Risk assessment of ovatoxins

Environmental Science and Technology (2014) 48(6), 3532 https://doi.org/10.1021/es405617d 

HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

Environmental Science and Technology (2016) 50, 1023 https://doi.org/10.1021/acs.est.5b05469 

Extracted  from Toxicon (2011) 57, 478-95

https://doi.org/10.1021/es405617d
https://doi.org/10.1021/acs.est.5b05469


Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

2005 2006 2008 2011 2012 2014 20152009-10 2013



Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

2005 2006 2008 2011 2012 2014 20152009-10 2013
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Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >

2005 2006 2008 2011 2012 2014 20152009-10 2013

Time, min

OVTX-a
Rt = 11.45  

OVTX-b
Rt = 11.28  

OVTX-d, -e
Rt = 11.07  

OVTX-c
Rt = 10.90  

TIC

pPLTX
Rt = 10.78  

8 9 10 11 12 13

0.6%

54%Ovatoxin-a
Ovatoxin-b
Ovatoxin-d/e
Ovatoxin-c
Putative palytoxin



Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >
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Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects

STEP 1   >
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Risk assessment of ovatoxins
HAZARD IDENTIFICATION: The first step in risk assessment, this involves the identification of biological, chemical, 
and physical agents capable of causing adverse health effects
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2005 2006 2008 2011 2012 2014 20152009-10 2013

FOR IMMEDIATE RELEASE 

ACS News Service Weekly PressPac: Wed Jan 13 13:27:00 EST 2016 

Toxins related to ‘red tides’ found in home 
aquarium 



Risk assessment of ovatoxins by inhalation
HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >

Intra-peritoneal Aerosol



Risk assessment of ovatoxins

2005 2006 2008 2011 2012 2014 20152009-10 2013

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >



Risk assessment of ovatoxins

2005 2006 2008 2011 2012 2014 20152009-10 2013

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >



Risk assessment of ovatoxins

2005 2006 2008 2011 2012 2014 20152009-10 2013

Brazil, Portugal, Spain, France, Italy, Croatia, Greece, Cipro, Lebanon,, Vietnam, Japan, New Zealand

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >



Risk assessment of ovatoxins

2005 2006 2008 2011 2012 2014 20152009-10 2013

Brazil, Portugal, Spain, France, Italy, Croatia, Greece, Cipro, Lebanon,, Vietnam, Japan, New Zealand

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >



Risk assessment of ovatoxins by ingestion
EXPOSURE ASSESSMENT: One of the key steps in risk assessment, this relates to a thorough evaluation of who, or 

what, has been exposed to a hazard and a quantification of the amounts involved.
STEP 3   >

2005 2006 2008 2011 2012 2014 20152009-10 2013
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Risk assessment of ovatoxins by ingestion
EXPOSURE ASSESSMENT: One of the key steps in risk assessment, this relates to a thorough evaluation of who, or 

what, has been exposed to a hazard and a quantification of the amounts involved.
STEP 3   >



Risk assessment of ovatoxins by ingestion
EXPOSURE ASSESSMENT: One of the key steps in risk assessment, this relates to a thorough evaluation of who, or 

what, has been exposed to a hazard and a quantification of the amounts involved.
STEP 3   >

Thanks to Rodrigo Barcellos Hoff and collaborators. Advanced Laboratorial Section - SLAV/SC Federal Laboratory of Animal and 
Plant Health and Inspection - LFDA/RS Ministry of Agriculture and Livestock 



Risk assessment of ovatoxins by ingestion
HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >

“… Liquid chromatography-tandem mass spectrometry (LC-MS/MS)

methods can be valuable tools for the determination, but method

optimisation and validation as well as the development of certified

reference materials and standards are necessary…”



ISOLATION SCHEME

2.5 mg OVTX-a 
94% purity

25% Recovery 

15 mg OVTX-a 
OVTX-d/e  pPLTX

0.7 mg OVTX-a 
50% purity

10% Recovery 
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OVTX-a

OVTX-a

LC-HRMS  of QC sample OVTX-a N° 07. Lot 01_A_MPLC#03_5. TIC, XIC and related Full Scan HRMS of OVATOXIN-a

* impurities

* impurities

* impurities

XIC of OVTX-a N° 07_Lot 
01_A_MPLC#03_5 at m/z 895.8195

TIC of OVTX-a N° 07_Lot 
01_A_MPLC#03_5

Full scan HRMS 
spectrum of the 
OVTX-a peak
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Enlargements of the peaks eluting in the nearby of OVTX-a peak : other OVTXs 

OVTX-a

* impurities

* impurities

* impurities
TIC of OVTX-a N° 07_Lot 
01_A_MPLC#03_5
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Suspect PLTX-like 
compound

Full scan HRMS spectrum of the peak eluting at 23.23 minFull scan HRMS spectrum of the peak eluting at 9.49 min

Isobaric PLTX 
not found

In this Rt region normally elutes Isobaric PLTX, but in the HRMS spectrum 
associated to this region no ions relevant to isobaric PLTX were detected. This molecule is a OVTX-like compounds and thus  was considered in the assessment of 

the purity grade

OVTXa_DopoLiofilizzazione_Sciolto2mL_WE11_MS2_900_CID30_SlowGrad #391-404 RT: 9.30-9.59 AV: 7 NL: 9.03E2
F: FTMS + p ESI Full ms [800.00-1500.00]
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These molecules (OVTX d/e and degradation products) are PLTX-like compounds and thus  were considered in the assessment of the purity grade 30

Enlargements of the peaks eluting in the nearby of OVTX-a peak : other OVTXs 

OVTX-a

OVTX-d/e

Full scan HRMS spectrum of the peak eluting at 12.13 min Full scan HRMS spectrum of the peak eluting at 14.70 min

One of the degradation 
products of OVTX-a

* impurities

* impurities

* impurities
TIC of OVTX-a N° 07_Lot 
01_A_MPLC#03_5
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m/z Toxins % Rt, 

min
895.8195 OVTX-a 94.3 13.34

901.1511 OVTX-d/e 1.9 12.13

906.4828 isobaric PLTX nd nd

889.8158 OVTX-a -H2O 1.8 14.72

859.1576 OVTX-a -4H2O 0.3 14.61

847.7913 OVTX-a -8 H20 nd nd

865.1288 OVTX-d/e -6 H20 nd nd

859.1245 OVTX-d/e -7 H20 0.3 13.11

853.1210 OVTX-d/e -8 H20 nd nd

847.1177 OVTX-d/e -9 H20 nd nd

864.4587 Isob PLTX -7 H20 nd nd

858.4531 Isob PLTX -8 H20 nd nd

863.1378 Unknown PLTX-like 

compound (1)

0.1 23.23

900.4922 Unknown PLTX-like 

compound (2)

0.7 14.68

915.1671 Unknown PLTX-like 

compound (3)

0.6 14.76
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Based on the new suspect PLTX-like compoundsthe purity grade of OVTX-a samples was re-calculated and resulted to be 94%

Extracted ion chromatograms (XIC) of OVTX-a and other PLTX-like compounds with their degradation products 
including the new suspected PLTX-like compounds



Risk assessment of ovatoxins
HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >

Pearse McCarron, Elizabeth Mudge, Chris Miles



Risk assessment of ovatoxins

In-silico studies demonstrated that PLTX adopts 
a folded conformation characterized by several 
turns that is able to bind calcium ions. 

On-going studies are investigating how the 
peculiar shape and charge distribution on the 
calculated PLTX structure are related to its 
ability to 
i) adapt to different chemical environment 

and bind other metal ions, 
ii) change the function of Na+/K+-ATPase into 

that of an ion channel and to form itself 
ion channels on cell membranes.

HAZARD CHARACTERIZATION: The second step in risk assessment, this involves defining the nature of the adverse 
health effects associated with biological, chemical and physical agents which may be present in food. The process 
should, if possible, involve an understanding of the doses involved and related responses.

STEP 2   >

Caterina Fattorusso, Marco Persico, Oleh Tkachuk



Summing up

Isolation of mg amounts of well characterized 
OVTX-a is paving the way: 

• To measure dose/response relationship by oral 
exposure

• To prepare Certified Reference Material

• To validate analytical methods for reliable 
detection and accurate quantification of 
OVTXs in seafood and in the environment

• To calculate the extent to which Ostreopsis 
ovata and ovatoxins produce seafood 
contamination and/or environmental 
sufferings

STEP 4   >
RISK CHARACTERIZATION: The final stage of risk assessment, in which the likelihood that a particular substance will 

cause harm is calculated in the light of the nature of the hazard and the extent to which people, animals, plants 

and/or the environment are exposed to it.



Funding 

HORIZON-MSCA-2021-SE-01-01 BlueShellfish
“Solutions to prevent and mitigate the impacts of HABs in Aquaculture and Fisheries, in the context of 

global Warming” (48 M since 01/2023 ) 

USAMRIID Service Contract W81XWH20C0135 
"Isolation and Purification of Ovatoxin-a from O. ovata cell pellets over one 12-months base period and 

two 12-months option periods"  (12M+ 12M 9/2020-9/2022)

Catalyst New Zealand Project 21-CAW-002-CSG 
“Developing capability to identify and monitor marine toxins produced by Ostreopsis species in 

microalgal cultures and seafood” (24M, 2/2022-2/2024) 

NBFC - Mapping and monitoring actions to preserve marine 
ecosystem biodiversity and functioning

“New early warning systems, LC-HRMS methods and databases for the comprehensive determination
of marine and freshwater toxins in the environment and in the trophic chain”(48 M since 09/2022)

International Agreements with 
A. Turner, Cefas, UK

P. McCarron, NRC Canada
D. Bodi, BfR Germany

T. Harwood, Cawthron Institute, New Zealand
P. Hess, Ifremer, France

A. Hjiskia, NCSR Demokritos, Greece
B. E. Janssen, EWAG, Switzerland

Cooperation Agreements with 
A, Penna, Univ. Urbino
A. Tubaro, Univ. Trieste 



The MarBioTox 
team

Analytical Chemistry / Environmental Chemistry and Toxicology

Development and validation of targeted and untargeted LC- tandem MS and/or HRMS 
methods for the identification, structural characterization and quantification of marine and 
freshwater toxins in environmental, food and biological matrices. Isolation and LC-MS based 
purification of natural toxins from aquatic sources

  LC-HRMS, LC-MS/MS, Solid Phase Adsorption Toxin Tracking (SPATT), Biosensors  

Keywords:  Harmful algal bloom (HAB), Ostreopsis, Ciguatera Fish Poisoning (CFP)

    Emerging toxins (palytoxins, ciguatoxins, cyanotoxins, etc) and pollutants (drugs, plastics)
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