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Global production, use, and disposal of plastics (1950-2015, 65 years) 

Roland Geyer et al. Sci Adv 2017;3:e1700782 

Units:  million metric tons 
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Weathering of Plastics in the Ocean 

Microbial enzymatic activity 
Cracks,  fissures, chips- 

 

Open more surface area  

available for microbial attack 

 

Microbial enzymes 
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Microplastics: A 10,000,000-fold size range 

Shellfish ingestion 

1 PET water bottle = 1027 1 nm MP 

But do they really form? 



Microplastics in the food chain 
150 million Tons 

< 1% found at surface 

Humans  

consume fish  

and shellfish 



Raman Spectroscopy: Microplastics in the Hudson River 

Gallager et al. 2019 
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Microplastics in the Hudson River dominated by fibers 



Concentration of Microplastics in the Hudson River 

Abv. Polymer mean 
#/L 

Total  den 
g/cc    Location 

AB                 Acrylonitrile Butadiene 872 1,577 1.080             L 

ABS Poly(Acrylonitrile Butadiene Styrene) 
 

109 197 1.058             L 

EVA Ethylene Vinyl Acetate Copolymer 
 

4 8 
 

0.951             U 

HDPE High Density Polyethylene 
 

Na 1 0.970             U 

LDPE Low Density Polyethylene 
 

Na 2 0.940             U 

NY Nylon 66 
 

2,753 4,977 1.150              L 

PAN Polyacrylonitrile fibers 
Creslan, Orlon 

9,825 17,756 1.184              UL 

PB Polybutene-1 48 87 0.910               L 

PBTE Polybutylene Terephthalate 70 127 1.316               L 

PC Polycarbonate 149 271 1.223               L 

PES Polyethersulfone 42 76 1.376               L 

PET Polyethylene terephthalate 22 41 1.386               L 

PEO Polyethylene oxide 1.211               UL 

PMMA Polymethylmethacrylate (acrylic, plexiglass) 87 159 1.183               L 

PP Polypropylene 813 1,471 0.855               L 

PS Polystyrene 1 3 1.040               L 

PTFE Polytetrafluoroethylene (Teflon) 35 65 2.211               L 

PVAL Poly(Vinyl Alcohol) 4 9 1.192               L             

PVC Polyvinyl Chloride 1,121 2,027 1.452               L 

SAN Poly(Styrene Acrylonitrile) 2 4 1.082               U         

Lower river:  L 
Upper river : U 
Both:       UL 
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Microplastics Risk Assessment 

Hazard Assessment 
• Effects 
• Mechanisms 
• Dose-response relationships 

Exposure Assessment 
• Sources & Routes 
• Amounts 
• Types & Sizes 

Shellfish Risk Assessment 
Ecological Risk Assessment 

Human Health Risk Assessment 
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What is the impact of microplastics and nanoplastics on human 
health?  

What is known about uptake  

by shellfish and fish? 



Microplastics found common in shellfish 

Mytilus edulis, Crassostrea gigas 

0.36 – 0.47 MP /g WW 

 

MPs reduced energy uptake and allocation, 

reproduction, and offspring performance.  

Larvae of C gigas ingest large numbers of MPs 

No impact on growth up to 100 MP/mL 

160 nm MPs readily ingested 

 

 



MP concentrations used in experimental exposures 



Mismatch between MP concentrations used in exposure studies  
and observed environmental levels 

Lenz (2016) “Microplastic exposure studies should be environmentally realistic” PNAS   

Environmentally  

relevant concentrations 

Most experimental 

concentrations 



• 455 scallops collected on Northeast Continental Shelf. 

• 443 had MPs in their gut (97%) 

• > 40% had more than 20 MPs 

• 22% had more than 100 MPs 

• Abundance: Nylon > LDPE > PBTE > PET > PEO > PB 

• No other tissues had MPs 

10 µm 

HDPE 

polarized microscopy 

Microplastics in Sea Scallops from Georges Bank 
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Orlon 

PB 
PEO 
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PBTE 

LDPE 
PB:      Polybutene-1 
PEO:   Polyethylene oxide 
PBTE:  Polybutylene terephthalate 
LDPE:  Low Density Polyethylene 
Nylon: Nylon 66, Orlon 

gut 

gonad 

meat 

Microplastics under polarized light microscopy  
and their Raman spectra from scallop gut 

10 µm 

male female 

Gallager (unpublished) 
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Exposure in context:  Seafood vs. other MP sources 

mussels:            123 MP / year 

plastic dust:       >13,731 MP / year 



Routes of intracellular uptake of nanoparticles 

Zhao et al. (2011) Small 7: 1322 



MPs < 100nm cross the blood-brain barrier 

Armin Kübelbeck, https://commons.wikimedia.org/w/index.php?curid=17334124 



What is the impact on human health? 

What we know: 
 Microplastics occur in seafood (fish, shellfish) 

 Microplastics can carry toxic chemicals  

(contaminants, additives) 

 Microplastic-adsorbed chemicals can be transferred to 

animals- biomagnification 

What we DON’T know: 
 How much microplastics are humans exposed to? 

 Relative contribution of seafood vs other MP exposures? 

 Are consumed microplastics transported in humans? 

 Fate of absorbed MPs in humans? 

 Are MPs a significant source of toxic chemicals? 

 Adverse effects in humans from consuming 

microplastics? 



WHOI Marine Microplastics Initiative 

How much microplastic is in the ocean? 
 New sensors on autonomous vehicles, ships, & buoys 

 Make measurements from surface to sediment 

What is the fate of plastics in the ocean? 
 Models of transport 

 Impacts of weathering 

 Marine microbes 

What are the impacts of microplastics on human 

health and ecosystems? 

 Identify what organisms take up plastics- use shellfish as model 

systems 

 How do microplastics pass through the food chain 

 What microplastics and additives are most toxic? 

 



Conclusions 

Microplastics are: 

• Everywhere 

• Consumed by shellfish 

• Transferred to humans 

 

What are the impacts? 

• Unknown 

 

Is it an emergency? 

• Jury will be out until much more research is 

done 
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Human Exposure through Marine Food Webs 





Time lapse image of myelination after exposure of  
2 dpf zebrafish embryos to domoic acid 

Tg(nkx2.2a:mEGFP) x 
Tg(sox10:RFP) 
 

Water  2 dpf injection (n= 5) 

Domoic acid 2 dpf injection (n=6) 

Jenny Panlilio 
MIT-WHOI Joint Program 



WHOI Toxicology 

• Shellfish as models 
- Marine and freshwater 
- Developmental toxicology 
- Transgenic and CRISPR-Cas9 

• Molecular mechanisms 
- Transcription factors 
- Gene expression 
- Epigenetics and genomics 

• Microscopy 
- Epifluorescence, confocal 

• Behavioral assays 

• Access to analytical capabilities 
- Raman (Gallager) 
- ATR-FTIR (Michel) 
- MS (Ward, Reddy) 



Research Directions 

Pitt et al. (2018) Aquatic Toxicology 

• MP & NP in Seafood 
- analytical advances 
(Gallager, Michel) 

• Uptake from intestine 
- size-dependence (systematic) 

• Biological effects 
- Early life susceptibility? 
- RNA-sequencing 
- Epigenetics 

• Effects of transformation products 
- collaboration with Ward 

• Multiple stressor effects  
- temperature, pH 

Jordan Avery Pitt 

MIT-WHOI Joint Graduate Program 


