


Perché a Siena… e perché oggi? 



The emerging issue of 
 

 

 

 

MICROPLASTICS 
  



Microplastics pubblications 



Microplastics and affiliation 



Perché oggi? 





Tavola rotonda 
“Ricerca, Produzione Sostenibile, Sensibilizzazione, Governance”  
Moderatore Claudio Leonzio 
 
Regione Toscana – Gilda Ruberti 
ARPAT – Fabrizio Serena 
WWF Italia – Eva Alessi 
Legambiente – Stefania Di Vito 
Mare Vivo – Maria Rapini 
Novamont – Francesco Dell’Innocenti 
COREPLA  
 
 



M. Cristina Fossi 

Laboratorio Biomarkers  - Dipartimento di Scienze Fisiche 

della Terra e dell’Ambiente – Università  di Siena  







Plastic debris into five ocean gyres 





Can Microplastics Affect  
 
 
 

Mediterranean Biodiversity? 



 

 
 

Impact of Microplastics on marine organisms 

1-  transport of persistent, 
bioaccumulating and toxic (PBT) 
substances from plastics 
2- leaching of additives from the 
plastics such as phthalates 
3- physical harm (Wright, et al. 2013) 
4- phatogens ? 



Marine Litter: a Global Challenge 
 The main legal and institutional frameworks affecting  

the Mediterranean on this topic are: 
 

(1) Local Agendas 21;  
(2) national legislation on waste management and environmental protection;  
(3) the Barcelona Convention and its Protocols; 
(4) the Mediterranean Strategy for Sustainable Development (MSSD);  
(5) MEDPOL of UNEP;  
(6) the EU Environmental Strategy for the Mediterranean and Horizon 2020; 
(7) the EU Marine Strategy Directive;  
(8) the EU Thematic strategy on the Prevention and Recycling of Waste; 
(9) the IMO MARPOL 73/78 Convention – Annex V;  
(10) the GPA and the Regional Seas Programme of UNEP;  
(11) the Basel Convention 
 

GAP 
There is a general lack of available 
data on marine wildlife affected by 
marine litter in the Mediterranean. 

UNEP/MAP Barcelona Convention 
RAP on Marine litter in Mediterranean 

(Istanbul 2013)    

 



Evaluate the presence and effects of marine debris,  
 particularly microplastics, in Mediterranean environment using  

marine organisms as sentinel species  

 
 
 

PLASTIC-BUSTERS SDSN Project 2013 

Mitigate and reduce 
the impact of marine 

litter in the 
Mediterranean Sea 

Harmonize  
monitoring and 

mitigation activities in 
the entire basin 

Implementation of 
Descriptor 10 (marine 

litter) of the EU Marine 
Strategy Framework 

Directive (MSFD) 



SDSN – University of Siena 



Microplastics effects on organisms?  

In the environment: 
 
•Persistent Organic         
Pollutants 
•Phthalates  

•Bisphenol A... 

Effects at DNA level  

Effects at Protein level  

Effects at cellular level  

Measure of intake by organisms Levels of contaminats in organisms 

Measure of DNA damage 

Alteration of proteins and metabolism 

Alteration of cell functions 



Balaenoptera physalus 



 
 

70,000 liters of water  
with each mouthful 

300 liters of water daily 

The idea …2011 



THE DIRECT EFFECTS 
Leaching of Plastic 

additives 

Microplastics and contaminants 

THE INDIRECT EFFECTS 
Adsorption of PBTs on 
microplastics surface 



Microplastics 
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LIGURIA  

Microplastic particles in 
superficial neustonic/planktonic 
samples (items/m3) collected in 
the Pelagos Sanctuary (Ligurian 
Sea and Sardinian Sea) and 
mean DEPH and MEPH 
concentrations (ng/g).  

Phthalates concentration in superficial neustonic/planktonic samples 

AREA 
DEHP (ng/g) MEHP (ng/g) 

n mean s.d. n mean s.d. 

Ligurian Sea 14 18.38 44.39 14 61.93 124.26 

Sardinian Sea 9 23.42 32.46 9 40.30 41.55 

First data: 
Microplastics threat in the Pelagos Sanctuary 



 
 
 

DEHP concentrations (ng/g) in 
blubber samples of five 

stranded fin whales collected 
along the Italian coasts during 

the period July 2007 – June 
2011 in five different locations.  

San Rossore PI (Male) 
MEPH 53.98 ng/g 

Orbetello GR (Male) 
MEPH 51.84 ng/g 

Castelsardo SS (nd) 
MEPH 1.00 ng/g 

Amalfi SA (Female) 
MEPH 99.93 ng/g 

Palinuro SA (nd) 
MEPH 83.12 ng/g 

MEHP concentration in stranded fin whales  

SPECIES TISSUE Mean MEHP (ng/g) 

Balaenoptera physalus Blubber 57.97 

First data: 
Plastic additives in Fin whales 



Current data 

? 
Current study examined the interaction between free-ranging fin 
whales (Balaenoptera physalus) and microplastics by comparing 

populations living in two semi-enclosed basins, the Mediterranean 
Sea and the Sea of Cortez (Gulf of California, Mexico).  



Experimental work 

Microplastics  sampling 

Skin biopsy sampling 

Pelagos Sanctuary 

Sea of Cortez 

http://www.33ff.com/flags/bandieremondo/bandiera_Messico.html




 
Do fin whales feed in areas affected  

by microplastics?  
 

  



Microplastic density (items/m3) in 
the Pelagos Sanctuary 

Mediterranean fin whale sampling 
site/feeding grounds 



Ligurian Sea  

Sardinian Sea  

Microplastic density (items/m3) in the Pelagos Sanctuary and Mediterranean fin 
whale sampling site/feeding grounds 

   

Ligurian Sea: microplastic samples L1-L36 (expressed as items/m3), fin whale sampling points (BPL-BPT); 
Sardinian Sea: microplastic samples S1-S34 (items/m3); fin whale sampling points (BPA).  

The red circle represents where high-microplastic-density areas and fin whales sampling sites overlap.  



Percentage of microplastics size distribution (ranging from 
0,2 to 5 mm) in the Pelagos Sanctuary sampling sites 



In addition to direct intake, fin whales may also indirectly ingest 
microplastics through the consumption of large quantities of 

euphausiids and small schooling fish contaminated  
with microplastics  

 

MEPH ranging from 8.87 ng/g 
to 21.79 ng/g  in M. norgegica 

Potential MPs intake routes 



 
Does the sampling period affect the 

toxicological responses?   
  



South Med 

Discriminant analysis on the PCA factors applied to the three sampling periods 
(July, August and September) of Mediterranean fin whales, biomarkers  

(CYP1A, CYP2B, LPO) and contaminants  (HCB, DDT, PCB, OCs and MEHP)  

Toxicological 
analyses 

demonstrated that 
these three 

sampling/foraging 
periods differed 

significantly (Monte 
Carlo test: RV = 

0.125, p = 0.005).  



 
Is the toxicological pressure different 

 for Mediterranean and Mexican 
 fin whales?  

  



Discriminant analysis on the PCA factors applied to the variables: basin (the 
Mediterranean Sea and the Sea of Cortez), biomarkers (CYP1A, CYP2B, LPO) and 

contaminants (HCB, DDT, PCB, OCs and MEHP) 

P 

P 

P 

P 
P 

P P 

P 

Pelagos 
Sanctuary 

Sea of Cortez 

Monte Carlo 
simulation resulted 
in the detection of a 
significant difference 

between the two 
basins  

(RV = 0.052, 
 p = 0.011).  



Cluster dendrogram: phthalates, Ocs and biomarkers responses in skin biopsies 
of fin whales collected in the Pelagos Sanctuary and Sea of Cortez 

 

Mean = 0.31 items/m3 

Mean = 0.07 items/m3  

 

MEHP ranging from 29.17 ng/g to 93.37 ng/g  

MEHP ranged from 13.08 ng/g to 13.69 ng/g,  



New results: PlasticPelagos 



Temperatura 

ROMS model (Regional Ocean Modeling System) 
(Temperature, Salinity , Corrents) 

http://www.lamma.rete.toscana.it/mare/modelli/correnti 



ASTREA IN THE PELAGOS SANCTUARY 
 
  
 

8-18 September 
900 miles in Pelagos Sanctuary 

Detection of presence and 
effects of Microplastics  





Gyres and  
sampling sites 

Fin whale  
feeding ground 



Case study: the Mediterranean Loggerhead turtle (Caretta caretta) 
Aim: exploring the toxicological effects of macro-plastics  
Further implication: indicators of macro-plastics in the marine 
environment in the implementation of the  Descriptor 10 of MSFD  
 
 

Marine organisms as sentinel 
species: macro-plastic 



22 loggerhead 
turtles out of 31 

animals had 
ingested marine 

debris (71%) 

found 483 pieces of 
marine litter with a 
total mass of 62.37g 

145 plastic items in the stomach 



Marine Plastic and Human impact? 



New Link in the 
Food Chain?  

 
 
 
 
 
 

Marine Plastic 
Pollution and 

Seafood Safety 



Microplastic impact in Top predator fish 

Mediterranean Sea? 



 

Plastic debris in stomach of top 
predator fish 



Thunnus albacares 



7 Plastic debris  



 

 

 

 

Plastic have no border! 



 
 
 
 

Lead promoter: University of Siena  (SDSN - MED Solutions) (IT)  
 
UNEP/MAP along with its network MEDPOL designated monitoring laboratories 
MIO-ECSDE,  Mediterranean Information Office for Environment, Culture and Sustainable 
Development (GR) 
IFREMER, Institut Français de Recherche Pour L'Exploitation de la Mer (FR) 
SOCIB, Balearic Islands Coastal Ocean Observing and Forecasting System (ES) 
ISPRA, Institute for Environmental Protection and Research, Laboratory of Ichthyology and 
Marine ecology (IT) 
Biochemistry and Environmental Toxicology, Higher Institute of Agronomy, University of Sousse 
(TN) 
IWRS,  Institute for Water of the Republic of Slovenia (SI) 
CNR, Consiglio Nazionale delle Ricerche, Consorzio Lamma (IT) 
HCMR, Hellenic Centre for Marine Research (GR) 
ISOTECH (CY) Consorzio Mediterraneo (IT) 
ECNC Land & Sea Group (ES) 
University of Bologna (IT) 
FispMed 

 
 



PROJECT SCOPE 
 

The overall goal of the project is to contribute to the de‐pollution of 
the Mediterranean sea through the promotion of the 

implementation of the Regional Plan on Marine Litter Management 
in the Mediterranean (Barcelona Convention ‐ IG.21/9).  

 
The main objectives and activities focus on: 
 a) addressing the marine litter related knowledge gaps via monitoring, 
assessment and mitigation; 
b) developing and implementing concrete actions to prevent, reduce 
identify convergence areas and remove marine litter; 
 c) actions to enhance the awareness of stakeholders and catalyze change 
in their perceptions and attitudes towards waste. 







Thank you for your attention! 
 

Siena 
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