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Microplastic and chemicals - Is there an intrinsic risk?
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Microplastic and chemicals - Is there an intrinsic risk?

Environment International 142 (2020) 105807

Contents lists available at ScienceDirect

» Leslie and Depledge (2020)

Environment International

ELSEVIER journal homepage: www.elsevier.com/locate/envint

» The ability of microplastic to be chemical vectors needs to be seriously
considered as part of the overall assessment of microplastic safety. Where is the evidence that human exposure to microplastics is safe? ®
H.A. Leslie™, M.H. Depledge” B
» Bibliography of >3500 publications related to microplastic particle e P e e e e i et o,
research, with >1300 which broadly include some aspect of chemicals
(about 35%).

Weight-of-evidence vector effect

from 61 studies
» Kolemans et al. (2020)

» Reviewed 61 studies specifically related to the vector issue

M Inconclusive
m Not supported
m Demonstrated

Risk indicated




Microplastic and chemicals - an evolving story
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» Carpenter and Smith (1972) - Many plastics contain considerable (% ~ %4
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) 537 C'itat'ions Environ. Sci. Technol. 2007, 41, 7759-7764
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Annika Bjoérn, Steven J. Rowland, Richard C. Thompson, Tamara S. Galloway, Rei Yamashita,
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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.” Eﬂ!ﬁgﬂﬂﬁ% 386 citations

Microplastic as a Vector for Chemicals in the Aquatic Environment:
Critical Review and Model-Supported Reinterpretation of Empirical

» Gouin et al. (2011) Studies S
Albert A. Koelmans,*"# Adil Bakir,¥ G. Allen Burton,! and Colin R. Janssen
» “Using a multimedia modelling approach, we define a chemical
There must space aimed at improving our understanding of how chemicals
be a rational partition in the marine environment with varying volume ratios
?gft?‘?satm" of air/water/organic carbon/polyethylene, where polyethylene

represents a main group of microplastic

Egcvlgﬁcgmﬁmy 67 citations R

A Thermodynamic Approach for Assessing the Environmental
Exposure of Chemicals Absorbed to Microplastic

Todd Gouin,*" Nicola Roche," Rainer Lohmann,” and Geoff Hodgesf




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

Water
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Equilibrium partitioning

25 - t95
time

At equilibrium:

fo =fw

and CO / CW = KOW

Fugacity is also proportional to concentration

Cof
C=1f

Where:

L = fugacity capacity




Fugacity 101: Fugacity capacity

» Fugacity capacity (Z) is media specific

» HOCs concentrate in octanol because Z, >> Z,
» Where Z, >> Z,, a higher mass of chemical will concentrate

> Generally Koy = Koy = Ky = Ko

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

Zw » Importance of volume in relation to concentration

» Concentration = mass / volume

» Volume and mass are not constant
_ » Fugacity capacity is constant
Kow=Co / Cy

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

KOW = ZO / ZW volume ratios.
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Multimedia mass fraction -
influence of volume ratios
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A Thermodynamic Approach for Assessing the Environmental
Exposure of Chemicals Absorbed to Microplastic
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Open ocean environment - 360,000 km?
Water depth = 20 m; no organic carbon
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The extent of sorption and desorption depend on the
relative fugacity of the surrounding environment

. SORPTION DESORPTION

Low fugacity

~ -
~—— -

If fugacity is low in the plastic If fugacity is high in the plastic
then bioavailability is reduced then leaching will occur




And fugacity is?

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

See Mackay
(2001)

redia
Environmental
Models
The Fugacity Approach




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

e Intermational 94 (2016

Human biomonitoring data provides an indication of actual exposure m S

journal www.elsevier
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Coupled near-field and far-field exposure assessment framework for

New approach methodologies are being developed better quantify and
characterize chemical exposure and exposure pathways e e et b’ e il A\j“ ez
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Available online at www.sciencedirect.com current Opinlon In Innerspaceotapplarce  Amtcie nten
ScienceDirect Toxicology
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ELSEVIER Environmental Research 164 (2018) 597-624

Exposure Pathways Contents lists available at ScienceDirect

New approach methodologies for exposure science
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Kristin K. Isaacs® and Ground Water Opportunities to decode the exposome using human biomonitoring data =

Nadine Steckl.inga’b‘*’l, Alberto Gotti®, Stephan Buse-O'Reillya‘b, Dimitris Chapizanis®,

Danae Costopoulou’, Frank De Vocht®, Mercé Gari*!, Joan O. Grimalt', Ester Heath?,

Rosemary Hiscock”, Marta Jagodic?, Spyros P. Karakitsios®, Kleopatra Kedikoglou®, Tina Kosjek?,
Leondios Leondiadis”, Thomas Maggos®, Darja Mazej?, Kinga Polaiiska', Andrew Povey®,
Joaquim Rovira', Julia Schoierer”, Marta Schuhmacher!, Zdravko Spiri¢¥, Anja Stajnko?,

Rob Stierum', Janja Snoj Tratnik®, Irene Vassiliadou®, Isabella Annesi-Maesano™, Milena Horvat®,

Target Populations Dimosthenis A. Sarigiannis®




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

Environ. Sci. Technol. 1999, 33, 22842290
» Microplastic dosed with HOCs added to a test system Establishing and Controlling
will: Dissolved Concentrations of N
. Hydrophobic Organics b \O_
. . L Partitioning from a Solid Phase AIR Evaa don 7/ o
» Partition between the various media in the test system P '
PHILIPP MAYER.* JURGEN WERNSI} b '
1 1 . P N W
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Integrated Environmental Assessment and Management — Volume 10, Number 2—pp. 197-209 j
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Passive Sampling Methods for Contaminated Sediments: At Toolon 88 (2010) 15,24 " <
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Controlling and maintaining exposure of hydrophobic organic compounds in and nondegrative (—) depletion processes by partitioning from a
aquatic toxicity tests by passive dosing dominating solid phase.
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Influence of volume ratios - in vitro
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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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