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Microplastics as a vector for hydrophobic 
organic pollutants?



Plastic Additive Chemicals (PACs)



What is the potential exposure (+ associated health risk) to humans 
associated with chemical ingestion (PACs & environmental) via MPs?

Image: Todd Gouin

The “Trojan Horse” Effect
MPs unlikely to enhance 
HOC exposures in marine 

wildlife …. BUT what 
about humans?



Chemical exposures & potential risks from ingesting 
microplastics in drinking water



Plastic

Chemical

Modified ACC-HumanSTEADY Food Web Model

Steady-state, 
non-

equilibrium 
(Level III) 

fugacity model 
for organisms.

 Equilibrium 
assumed for 
chemicals in 

environmental 
media and 

plastic.
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Chemical balance in the organism
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Assumptions about HOC behaviour with plastic

Plastic particles are PE spheres

In equilibrium with sea water (KPE:W from passive sampling)
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Y = 1 m
BP= 10-9 - 10-8 m2 d-1

kw >>> kP = 0.1 m d-1

So kPF ≈ kP and DPF ≈ DP
 

𝐷𝑃𝐹 = 𝐺𝑃𝐹 . 𝑍𝑃 = 𝑘𝑃𝐹 . 𝐴𝑃 . 𝑛𝐹 . 𝑀𝐹 . 𝑍𝑊.𝐾𝑃𝑊

Surface area of MP

Number of MPs in fish

Mass of fish

Two film resistance model for PE-Gut mass transfer

kFP assumed to be much 
lower than kPF



Some data suggest HOCs are not desorbed in fish



𝐼𝑃 = 𝐸𝑃 = 𝑚𝑐𝐹 . 𝑛𝐹 → 𝑛𝐻

Ingestion = egestion (number of MPs per day)

Mass of fish consumed 
by the human (kg d-1)

Number of MPs 
per kg fish

Steady state 
number of MPs  
in the human

Assume fugacity in plastic (fP) = fugacity in water (fW)
Steady-state exposure + 1 day residence time in human

Model also enables relative comparison between exposure to hydrophobic organic chemicals 
via diet and air and what might occur via contaminated MPs

In Humans



1. PAC exposure only via ingestion of MPs containing 5% PAC MM-1 by 

  (a) humans; (b) humans & fish; (c) humans, fish & cows

2. PAC exposure via the environment* and & MPs, which are ingested by

 (a) humans; (b) humans & fish; (c) humans, fish & cows

3. PAC exposure only via the environment* (no MPs present)

Scenarios

*Environmental exposures (Scenarios 2 & 3) assume all 
chemicals in all media & in MPs are at equilibrium with sea 
water (arbitrary conc = 1 ng L−1)



Chemical space plots

Hypothetical (persistent) chemicals with 
varying physicochemical properties

Relative contribution of MP 
ingestion to total chemical 
exposure for a given combination 
of chemical partitioning 
properties and for given 
assumptions about MP size and 
ingestion rate.

Illustrative examples mainly 
assume 1 m MP size for 3 
ingestion rates:

583 ng d-1; 10 mg d-1; 500 mg d-1



Scenario 1: Results

Relative MP contributions 
to exposure decrease as 

KOW increases 
(biomagnification in food 

webs)



Scenario 2: Results

MP contribution to 
exposure increases with 
increased MP ingestion

Peak contribution 
around log KOW 4



Relative contribution of MPs to PAC EDI (difference between 
Scenarios 2 & 3)

Absolute exposure and 
contribution of MPs to EDI 
decreases with increased 

particle size

MP contribution to 
relative PAC intake 

increases with 
increased KOW



Application to Risk Assessment for specific PACs

“SAFE”

“UNSAFE”

Relatively low KOW so 
conc in MPs low



Summary and next steps

• Microplastics could act as vectors for PACs 

• Modelling can provide an interpretive framework for
• Comparing different exposure scenarios

• Understanding the relative contribution of MPs to total exposure

• Setting expectations about levels, sensitivity and uncertainty which can support 
field data collection and interpretation

• Assessing risks

• Model outputs imply minor contribution of MPs to PAC exposure cf other 
exposure pathways

• Toxicological thresholds for PACs unlikely exceeded based solely on the 
ingestion of MP

• UNCERTAINTIES HIGH:  Need to represent key inputs as probability 
distributions in Monte Carlo Simulations
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