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No, really, I 
have evidence

There must 
be a rational 
explanation 
for this

Microplastic and chemicals – Is there an intrinsic risk? 

Dedicated to investigating the unexplainable



 Leslie and Depledge (2020)
 The ability of microplastic to be chemical vectors needs to be seriously 

considered as part of the overall assessment of microplastic safety.

 Bibliography of >3500 publications related to microplastic particle 
research, with >1300 which broadly include some aspect of chemicals 
(about 35%).

 Kolemans et al. (2020)
 Reviewed 61 studies specifically related to the vector issue 

Microplastic and chemicals – Is there an intrinsic risk? 



Microplastic and chemicals – an evolving story

 Carpenter and Smith (1972) – Many plastics contain considerable 
concentrations of PCBs as plasticizers.  If the plasticizers have been lost to 
seawater…the incorporation of PCBs by marine organisms is possible.

 Teuten et al. (2007)

1043 citations

537 citations



Microplastic – “Trojan Horse” analogy

 During the 10-year siege of troy the Greeks constructed a wooden horse, in 
which a select force of men were concealed.  The Greeks pretended to sail 
away, and the Trojans pulled the horse into the city as a victory trophy.  That 
night the Greek force crept out of the horse and opened the gates for the rest 
of the Greek army to enter and destroy the city of Troy – ending the siege.



Microplastic and chemicals – an evolving story

 Koelmans et al. (2016)

 “We conclude that overall the flux of HOCs bioaccumulated from 
natural prey overwhelms the flux from ingested microplastic for 
most habitats, which implies that microplastic ingestion is not 
likely to increase the exposure to and thus risks of HOCs in the 
marine environment.”

 Gouin et al. (2011)

 “Using a multimedia modelling approach, we define a chemical 
space aimed at improving our understanding of how chemicals 
partition in the marine environment with varying volume ratios 
of air/water/organic carbon/polyethylene, where polyethylene 
represents a main group of microplastic

386 citations

167 citations



Thermodynamics and Fugacity

 Concept of fugacity introduced in 1901 by G.N. Lewis

 Refers to the escaping tendency of a chemical

 Units of pressure (Pa)

 Convenient method for defining thermodynamic equilibrium criterion

 Thermodynamic equilibrium occurs between two matrices when the fugacities
in each matrix is equal



Fugacity 101

Octanol

Water

fO = fW

CO / CW = KOW

At equilibrium:

and

Fugacity is also proportional to concentration

C ∝ f
C = Zf

Where:
Z = fugacity capacity



Fugacity 101: Fugacity capacity
 Fugacity capacity (Z) is media specific

 HOCs concentrate in octanol because ZO >> ZW

ZO

ZW

KOW = CO / CW

KOW = ZO / ZW

 Where ZO >> ZW a higher mass of chemical will concentrate

 Generally KOW ≈ KPW ≈ Klip-w ≈ Koc

 Alternatively, the fugacity capacity of octanol, plastic, lipid, and organic 
carbon are all similar

 Importance of volume in relation to concentration

 Concentration = mass / volume

 Volume and mass are not constant

 Fugacity capacity is constant

 Consequently, the concentration at equilibrium varies depending on the 
magnitude of Z relative to Z in the other media and the media-specific 
volume ratios.



Fugacity 101: Fugacity capacity
 Fugacity capacity (Z) is media specific

 HOCs concentrate in octanol because ZO >> ZW

KOW = CO / CW

KOW = ZO / ZW

 Where ZO >> ZW a higher mass of chemical will concentrate

 Generally KOW ≈ KPW ≈ Klip-w ≈ Koc

 Alternatively, the fugacity capacity of octanol, plastic, lipid, and organic 
carbon are all similar

 Importance of volume in relation to concentration

 Concentration = mass / volume

 Volume and mass are not constant

 Fugacity capacity is constant

 Consequently, the concentration at equilibrium varies depending on the 
magnitude of Z relative to Z in the other media and the media-specific 
volume ratios.

ZO

ZW



Multimedia mass fraction –
influence of volume ratios

Open ocean environment - 360,000 km2

Water depth = 20 m; no organic carbon

1200 m3 plastic 106 m3 plastic



What do the 
Greeks have to 
do with it 
again?

It’s coming…I 
hope!?!



The extent of sorption and desorption depend on the 
relative fugacity of the surrounding environment 
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SORPTION DESORPTION

If fugacity is high in the plastic 
then leaching will occur

High fugacity

Low fugacity

If fugacity is low in the plastic 
then bioavailability is reduced



Analogy to the Trojan Horse implies that the 
fugacity is >> fugacity in surrounding 
environment – is this really the case?

And fugacity is?

See Mackay 
(2001)



Exposure to chemicals from microplastic 
versus other pathways

 Exposure to chemicals used in commerce is ubiquitous

 Most chemicals are used in a wide variety of applications/products

 Human biomonitoring data provides an indication of actual exposure

 New approach methodologies are being developed better quantify and 
characterize chemical exposure and exposure pathways



Quantifying the differences between exposure routes

 Characterization and quantification of the relative strength of the different 
exposure pathways, requires derivation of:

 Mass distribution in the different compartments, which depends on

 FUGACITY GRADIENTS

 MEDIA-SPECIFIC VOLUME RATIOS



Influence of volume ratios – passive dosing/sampling

 Microplastic dosed with HOCs added to a test system 
will:

 Partition between the various media in the test system 
according to the laws of thermodynamics

 Biological uptake is influenced by the mass of chemical 
that becomes freely available

 Free concentrations of HOCs can be controlled by 
manipulation of the volume ratios of the various media –
passive dosing 



Influence of volume ratios – in vitro

Fischer, F. C., L. Henneberger, M. Konig, K. Bittermann, L. Linden, K. 
U. Goss and B. I. Escher (2017). "Modeling exposure in the Tox21 in 
vitro bioassays." Chem Res Toxicol.



Reflections

Is there a scenario where the fugacity in plastic is >> fugacity of the surrounding environment (occupational)

Should we continue to prioritize the influence of microplastic to act as vectors/Trojan horses for chemicals?

Do we know enough about the physical effect of microplastic particles – does the polymer 
composition/shape/size represent a toxicity for microplastic that is more potent then any other particle?

Do we know enough about chronic exposure to bioavailable chemical mixtures that occur from diet and 
inhalation to even begin to assess the additional stressor that exposure to particulates represents?

Does the issue represent an opportunity to develop risk assessment frameworks better able to address the 
complexity related to the adverse effects associated with both chemical and non-chemical stressors?
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