
D R  J O Ã O  F R I A S

H I T C H H I K E R S  A N D  T H E I R  LU G G A G E

MARINE PLASTISPHERE
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Understanding the bigger picture

Chris Jordan, 2009. Image depicts 2.4 million pieces of plastic, equal to the estimated number of pounds of plastic pollution that enter the world's oceans every hour. All the plastics in this image were collected from the Pacific Ocean.
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M Y  D I V E  I N T O  P L A S T I C S

C O N C E P T S :
 M I C R O P L A S T I C S  &  P L A S T I S P H E R E

M I C R O P L A S T I X

A  C A S E  S T U D Y  A C R O S S  T H E  A T L A N T I C  O C E A N  A N D  T H E  

M E D I T E R R A N E A N  S E A

T H E  S C I E N C E  W E  N E E D  F O R  T H E  O C E A N  W E  W A N T

P E R S P E C T I V E S  F O R  F U T U R E  W O R K  I N  R E S E A R C H  A N D  P O L I C Y

Tom de Kanter, 2022
https://doi.org/10.13140/RG.2.2.34896.99846
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M I C R O P L A S T I C S
C O N C E P T S

Hartmann et al., 2019
https://doi.org/10.1021/acs.est.8b05297





Thompson et al., 2004
https://doi.org/10.1126/science.1094559

M I C R O P L A S T I C S
C O N C E P T S

F I R S T  C O I N E D  B Y  P R O F .  R I C H A R D  

T H O M P S O N  I N  A  2 0 0 4  P U B L I C A T I O N  

A D D R E S S I N G  T H E  P L A S T I C  B A L A N C E  I N  

T H E  O C E A N ,  D E S C R I B I N G  

M I C R O S C O P I C  P I E C E S  O F  P L A S T I C  I N  

M A R I N E  S E D I M E N T S  A N D  I N  T H E  W A T E R  

C O L U M N .



Arthur et al., 2009
https://marinedebris.noaa.gov/microplastics/proceedings-second-research-workshop-microplastic-marine-debris

M I C R O P L A S T I C S
C O N C E P T S

T H E  C O N C E P T  W A S  F U R T H E R  

E X P A N D E D  I N  2 0 0 9 ,  W I T H  A  

P U B L I C A T I O N  O F  A  R E P O R T  F R O M  T H E  

N O A A  M A R I N E  D E B R I S  P R O G R A M M E ,  

W H E R E  A N  U P P E R  L I M I T  T O  T H E  T E R M  

W A S  U S E D ,  A N D  M I C R O P L A S T I C S  W E R E  

K N O W N  A S  “ P L A S T I C  P A R T I C L E S  

S M A L L E R  T H A N  5  M M ” .



Cole et al 2011
https://doi.org/10.1016/j.marpolbul.2011.09.025

M I C R O P L A S T I C S
C O N C E P T S

Hartmann et al., 2019
https://doi.org/10.1021/acs.est.8b05297

Frias and Nash., 2019
https://doi.org/10.1016/j.marpolbul.2018.11.022



M I C RO P L A S T I C S
A N Y  S Y N T H E T I C ,  S O L I D  P A R T I C L E  

O R  P O L Y M E R I C  M A T R I X  W I T H :
- R E G U L A R  O R  I R R E G U L A R  S H A P E ;

- A  S I Z E  R A N G I N G  F R O M  1   M  T O  5  M M ;

- O F  E I T H E R  P R I M A R Y  O R  S E C O N D A R Y  

O R I G I N ;

- W H I C H  I S  I N S O L U B L E  I N  W A T E R

Photos by João Frias and Teresa WinslowFrias and Nash, 2019
https://doi.org/10.1016/j.marpolbul.2018.11.022

1 mm = 1000 μm



M I C R O P L A S T I C S
C O N C E P T S

Hartmann et al., 2019
https://doi.org/10.1021/acs.est.8b05297





M I C R O P L A S T I C S
C O N C E P T S

3.1 microplastic MP
material consisting of a solid polymer containing particles, to which additives or other substances may have been added, and where a weight 
fraction of ≥1% particles have: a) all sizes 100 nm ≤ × ≤ 5 mm,
b) for fibres, a length of 300 nm ≤ × ≤ 15 mm and a length/diameter ratio >3

Note 1 to entry: Polymers that occur in nature that have not been chemically modified (other than by hydrolysis) are excluded, as are polymers that are (bio) degradable.
[SOURCE:ECHA, ANNEX XV Restriction Report - Microplastics, 22 August 2019, par 1.2.2.1, modified on lower size recommended dimensions, by Commission Recommendation C/2022/3689 of 10 
June 2022 on the definition of nanomaterial (OJ C 229, 14.6.2022, p. 1), modified — "≥1% w/w" was changed to "a weight fraction of ≥1 %"; additional information has been given as a note to entry.]

3.1 large microplastic
any solid plastic particle insoluble in water with any dimension between 1 mm and 5 mm
Note 1 to entry: Microplastics may show various shapes.
Note 2 to entry: Typically, a large microplastics object represents an item consisting of plastics or a part of an end-user product or a fragment of the respective item.
[SOURCE:ISO/TR 21960:2020, 3.10, modified — term number in Note 1 to entry was removed.]

3.2 microplastic
any solid plastic particle insoluble in water with dimension between 1 µm and 1 000 µm (= 1 mm)
Note 1 to entry: Primary microplastics object represents a particle intentionally added to end-user products for example cosmetic means, coatings, paints etc. Secondary microplastics object can also result as a fragment of the respective 
item.
Note 2 to entry: Microplastics have regular and irregular shapes (see ISO 9276-6:2008).
Note 3 to entry: The defined dimension is related to the longest length of the particle.
[SOURCE:ISO/TR 21960:2020, 3.9, modified — Note 1 to entry was removed, all other Notes to entry were changed.]



M I C R O P L A S T I C S
C O N C E P T S



T H E  M I C R O B I A L  C O M M U N I T Y  
A T T A C H E D  T O  P L A S T I C  T H A T  
I S  D I S T I N C T  F R O M  T H E  
C O M M U N I T I E S  I N  T H E  
S U R R O U N D I N G  
E N V I R O N M E N T

Image part of the Navigating the Future series from the 
EMB NFVI 2024

Zettler, Mincer and Amaral-Zettler, 2013
https://doi.org/10.1021/es401288x

P L A S T I S P H E R E
C O N C E P T S



P L A S T I S P H E R E

C O N C E P T S

Travelli et al., 2022
https://doi.org/10.1016/j.tifs.2022.08.021



Photo by Hatfield Marine Science Centre



P L A S T I S P H E R E

C O N C E P T S

Travelli et al., 2022
https://doi.org/10.1016/j.tifs.2022.08.021



Photo by João Frias
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Cresmina beach Fonte da Telha beachFrias, Sobral and Ferreira, 2010
https://doi.org/10.1016/j.marpolbul.2010.07.030



http://pelletwatch.org/

Photo by João Frias Photos by International Pellet Watch

P L A S T I C S  A N D  P O L LU TA N T S



Mizukawa et al, 2013
https://doi.org/10.1016/j.marpolbul.2013.02.008



Mizukawa et al, 2013
https://doi.org/10.1016/j.marpolbul.2013.02.008

ConcentrationSubstanceMatrixLocation

3.71 ng g-1tPAHsSedimentMinho River

58.98-156.45 ng g-1tPAHsSedimentDouro River

16.13 – 347.13 ng g-1tPAHsSedimentAveiro delta

~4.0 – 62.0 ng g-1∑13PCBsSedimentAveiro delta

0.192 – 4.233 ng g-1PCBsMusselsTejo River

0.326 – 52.3 ng g-1PCBsSedimentTejo River

5.0 – 60.0 ng g-1tDDTSedimentSado River

1.0 – 25.0 ng g-1PCBsSedimentSado River

220.1 ng g-1PAHsMusselsSouth Coast

Table compiled from Ribeiro, Ribeiro and Tiritan, 2015
http://dx.doi.org/10.1080/03601234.2015.1108793



F A C T:
P E R S I S T E N T  O R G A N I C  P O L L U TA N T S  
A C C U M U L AT E  I N  E N V I R O N M E N TA L  
P E L L E T S

AT  H I G H E R  C O N C E N T R AT I O N S  T H A N  
T H E  S U R R O U N D I N G  E N V I R O N M E N T

( S E D I M E N T  A N D  O R G A N I S M S )

( A N D  I N  E N V I R O N M E N T A L  P L A S T I C S )



W H AT  E L S E  I S  T H E R E  W I T H  B I O F I L M ?



W H AT  E L S E  I S  T H E R E  W I T H  B I O F I L M ?

C A S E  S T U DY



T O  O V E R C O M E  K N O W L E D G E  G A P S  O N  
W E A T H E R I N G  A N D  B I O F O U L I N G  A N D  H O W  T H E S E  
P R O C E S S E S  I N F L U E N C E  F R A G M E N T A T I O N ,  
D I S T R I B U T I O N  A N D  D I S P E R S A L  O F  
M I C R O P L A S T I C S  I N  T H E  M A R I N E  E N V I R O N M E N T

A I M S
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Volume: 500 ml
Material: 
Polymethylpentene

Duration: 4 seasons 





Above: time affecting plastics in the Mediterranean (SZN, Naples, Italy. Cassotti et al.)
Below: spectral database over time from IPF, Germany; biofouling of organisms in Galway, Ireland

Spirorbis spirorbis

Spirobranchus triqueter



W H AT  H AV E  W E  F O U N D ?
Lenoble et al., 2024

https://doi.org/10.1016/j.envpol.2024.123808

T r a c e  m e t a l s  a c c u m u l a t e  i n  
t h e  b i o f i l m  f r o m  t h e  
s u r r o u n d i n g  e n v i r o n m e n t

B i o p o l y m e r s  a n d  f o s s i l - f u e l  
b a s e d  p o l y m e r s  b e h a v e  
s i m i l a r l y  i n  m e t a l  
a c c u m u l a t i o n

THE PLASTISPHERE DIVERSITY, AND NOT ITS BIOMASS, 
INFLUENCE METAL BIOACCUMULATION.



D i s t r i b u t i o n  o f  h o l e s  
I n f l u e n c e s  a c c u m u l a t i o n  
o f  s p e c i e s  a n d  s a n d  
p a r t i c l e s ,  l e a d i n g  t o  
d e n s i t y  c h a n g e s  t h a t  c a n  
p o t e n t i a l l y  c o n t r i b u t e  t o  
t h e  d i s p e r s i o n  o f  p l a s t i c s  
t o  d e e p e r  m a r i n e  l a y e r s ,  
e i t h e r  t h r o u g h  n a t u r a l  
d e p o s i t i o n  o r  a s  p a r t  o f  
m a r i n e  s n o w

W H AT  H AV E  W E  F O U N D ?

Zheng et al, 2023
https://doi.org/10.1016/j.marpolbul.2023.115180



O v e r  5 5 0  b i o f i l m  s a m p l e s  ( r R N A  
1 6 S  a n d  1 8 S )  w e r e  p r o c e s s e d  f o r  
v i r u s e s ,  b a c t e r i a ,  f u n g i  a n d  
o t h e r  p l a n k t o n i c  o r g a n i s m s

A  w i d e  d i v e r s i t y  o f  o r g a n i s m s  
w e r e  i d e n t i f i e d  w i t h  d i f f e r e n c e s  
b e t w e e n  N o r t h  a n d  S o u t h  
A t l a n t i c ,  a n d  t h e  M e d i t e r r a n e a n  
S e a

T o u l o n  a n d  G a l w a y  h a d  m o r e  
p r o k a r y o t e s  a n d  N a p l e s  h a d  m o r e  
e u k a r y o t e s

W H AT  H AV E  W E  F O U N D ?

D e t a i l s  a v a i l a b l e  s o o n !

Lacerda et al., In prep



W e  h a v e  f o u n d  e p i p l a s t i c  
t a r d i g r a d e s  ( w a t e r  b e a r s )  f o r  
t h e  f i r s t  t i m e  i n  t h e  
p l a s t i s p h e r e   i n  f i v e  
a m p l i c o n  s e q u e n c e
v a r i a n t s  ( A S V s )

F r o m  a l l  t h e  s i t e s  e x p l o r e d ,  
t h e y  w e r e  o n l y  f o u n d  i n  t h e  
c o a s t a l  a r e a  o f  I r e l a n d  
( G a l w a y )

W H AT  H AV E  W E  F O U N D ?

Lacerda, Pedrotti and Frias, 2024
https://doi.org/10.1016/j.marpolbul.2023.115180



A F T E R  6 0  D A Y S  
U N D E R W A T E R ,  
T H E  F T I R  
S P E C T R O M E T R Y  
D O E S  N O T  
R E C O G N I Z E  T H E  
P O LY M E R  W H E N  
C O M P A R E D  T O  
T H E  P R I S T I N E  
D A T A S E T

W H AT  H AV E  W E  F O U N D ?

https://www.microplastix.org/publications
All papers and datasets available at:Lenz et al., 2023

https://microplastix-specdb.streamlit.app/
https://zenodo.org/records/10149551

https://www.nfdi4chem.de/robin-lenz-is-fair4chem-awardee-2024/



N E X T  S T E P S
P U B L I S H  P E N D I N G  P A P E R S

S E E K  P A R T N E R S H I P S  A N D  A D D I T I O N A L  
F U N D I N G  F O R  E C O T O X I C O L O G Y  S T U D I E S

R A I S E  A W A R E N E S S  W I T H I N  T H E  
S C I E N T I F I C  C O M M U N I T Y  A S  W E L L  A S  W I T H  
T H E  R E L E V A N T  S T A K E H O L D E R S



M E S S AG E  I N  A  B OT T L E ?
T H E  S C I E N C E  W E  N E E D  F O R  T H E  O C E A N  W E  W A N T

Photo by Ishan | Unsplash







Image part of the Navigating the Future series from the EMB NFVI 2024

T H E  S C I E N C E  W E  N E E D  F O R  T H E  O C E A N  W E  W A N T



AC K N O W L E D G E M E N T S  O F  F U N D I N G

Project reference PBA/PL/20/02
(MicroplastiX)

Project reference PDOC/21/04/02
(Waves of Change)
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One Ocean





GO RAIB H M IL E  M AITH AGAT
T H A N K  Y O U



https://www.frontiersin.org/research-topics/63183/from-farm-to-plate-assessing-plastics-and-microplastics-across-the-value-chain-of-food-systems


