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Microplastics as a vector for hydrophobic
organic pollutants?

“Cocktail” of Chemical Contaminants
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Corporate Governance

CorpGov.net: improving accountability through democratic corporate govemance since 1995
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Plastic Additive Chemicals (PACs)

for a toxics-free future
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IPEN's Toxic Plastics Campaign

Every stage of the life-cycle of plastic involves toxic chemicals, which threaten human health, the em
biodiversity, and the dimate.

IPEN's work aims to reveal the toxic threats to health and the environment in each stage of plastics”
to:

«  Curb the production of toxic oil, natural gas, and petrochemicals.

«  Eiiminate and substitute the most toxic chemicals used in the production of plastic

«  Strengthen global policies related to plastic waste controls and incineration.
«  Promote environmental justice.

TOXIC PLASTICS REPORTS

View Media on Toxic Plastics

IPEN is calling for an international
plastics treaty that:

o Protects health and the environment

= Ends the production and use of toxic chemicals in plastics

= Removes toxic impacts at al stages of the lifecycle of plastics
= Bans recycling of plastics containing hazardous chemicals

= Protects the public’s right to know about chemicals in plastics
and information on plastic production and waste exports
= Charges plastic producers to finance the treaty
= Promotes safer sustainable materials for a toxics-free drcular
economy
= Curbs toxic and climate polutants
In the meantime, greater transparency on toxic chemical
additives used in plastics is needed, along with data on the

quantities of plastics made, traded, and disposed of. For
more information see our Plastics Treaty page.

Voluntary initiatives lack
scale to drive system change
Increasingly complex landscape of

initiatives driving change at
company rather than industry scale

Foundational reporting
capabilities are lacking

Only 40% of countries publicly
report waste data; no agreed
definitions or standard terminology

Source: Jambeck et al., 2015; UNEP, 2018; World Bank, 2018; Duke, 2020; The Ocean Conservancy, 2020; BCG analysis
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Intergovernmental negotiating

Regulations are misaligned vs
value chain & problem drivers

Two-thirds of countries with plastic
legislation only regulate plastic bags
— only 5% of ocean pollution

Targeted interventions
needed to accelerate change

Key leakage geographies need
support accelerating improvement
in core waste mgmt. capabilities

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

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

wildlife .... BUT what
about humans?
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A Thermodynamic Approach for Assessing the Environmental
Exposure of Chemicals Absorbed to Microplastic

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

*Eaf:’cy and Environmental Assurance Centre, Unilever, Colworth Science Park, Shambrook, Bedfordshire, UK, MK44 1LQ
*Graduate School uchranugra.ph}r, University of Rhode Island, South Ferry Road, Narragansett, Rhode Island, 02882 United States
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ABSTRACT: The environmental distribution and fate of micro-
plastic in the marine environment represents a potential cause of
concern. One aspect is the influence that microplastic may have on
enhancing the transport and bioavailability of persistent, bioaccu-
mulative, and toxic substances {(PBT ). In this study we assess these
potential risks using a thermodynamic approach, aiming to
prioritize the physicochemical properties of chemicals that are
most likely absorbed by microplastic and therefore ingested by
biota. Using a multimedia rlmdd.l.l:l.g approach, we define a
chemical space aimed at improving our md.crslznding of how
chemicals partition in the marine environment with varying
volume ratios Dfan:fwzhu’.fuu:gmlc carbon/polyethylene, where

g
polyethylene represents a main group of microplastic. Results suggest that chemicals with log Koy > 5 have the potential to partition > 1%
to polyethylene. Food-web model results suggest that reductions in body burden concentrations for nonpolar organic chemicals are likely
to occur for chemicals with |c|s Ko between 5.5 and 6.5. Thus the relative importance of microplastic as a vector of PBT substances to
biulugical organisms is likely of limited importance, relative to other exposure pathways. Nevertheless, a number ud:datzgaps are
identified, largely associated with improving our understanding of the physical fate of microplastic in the environment.




Chemical exposures & potential risks from ingesting
microplastics in drinking water

Table 3.3 Upper-bound daily intake estimates of chemicals from microplastics, maximum levels of
contaminants associated with microplastics, and corresponding MOE

Microplastics in

Chemical® Upper bound Maximum Point of departure
concentrationin  daily intake (pg/kg bw/day)
microplastic (pg/g) (ng/kg bw/day)®
Bisphenol A 0.7297 0.001 609
(admium 3390 50 0.8
Chlordane 0.0144 0.00002 50 i i i
Margin of exposure  Adequacy of MOE Conclusion Chemical
Di(2-ethylhexyl)phthalate 0.0699 0.0001 2500 (MOE)
Dichlorodiphenytrichloroethane fel LLL U 5.9 x10° MOE of at least 100 No safety concern Bisphenol A
Hexachlorobenzene 0.0587 0.00002 50 1.7 %102 MOE of at least 10¢ No safety concern ~ Cadmium
Polyaromatic hydrocarbons 119 0.06 100 25x10° MOE of at least 100 No safety concem  Chlordane
PBDEs 99 001 100 2.5% 10" MOE of at least 100 No safety concemn Di(2-ethylhexyl)phthalate
PCBs 187 0.03 5 1.0 x 108 MOE of at least 100 No safety concern Dichlorodiphenyltrichloroethane
' ' 6.0 x 10° MOE of at least 100 No safety concern Hexachlorobenzene
6.0 X 10° MOE of at least 10000 No safety concern Polyaromatic hydrocarbons
7.2 X 10° MOE of at least 100 No safety concern PBDEs
1.9x10° MOE of at least 1000°  No safety concern PCBs
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Modified ACC-Humang,,y Food Web Model

Steady-state,

Air

non-
equilibrium
(Level 1lI)
fugacity model

for organisms.

Equilibrium
assumed for
chemicals in
environmental
media and
plastic.
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I PI aStI C A FOOD CHAIN MODEL TO PREDICT THE LEVELS OF LIPOPHILIC ORGANIC
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Chemical balance in the organism

Q}Sorbed chemical, not bioavailable

| \:\ Dissolved chemical, bioavailable

Metabolic biotransformation
Gill uptake

Microplastic
() =P Dictary uptake =P & =P Growth dilution
a3 Fecal egestion
| Gill elimination

Molecular Size Cutoff Criteria for Screening Bioaccumulation
Potential: Fact or Fiction?
Jon A Arnot, *{ Michelle | Arnot, | Don Mackay, | Yves Couillard, § Drew MacDonald, § Mark Bonnell, §
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Assumptions about HOC behaviour with plastic

Plastic particles are PE spheres

In equilibrium with sea water (K,.,, from passive sampling)

fr

Two film resistance model for PE-Gut mass transfer

- E + D_F kep assumed to be much
lower than kg,

Y=1pm > area of MP Mass of fish
Bp= 10°-1028 m?2d1 \ /
k, >>>k,=0.1md? Dpp = Gpp.Zp = (kpp.Ap.Mp. Mp). Zy Kpwy

1

So kyr = koand D, = D
PF P PF P Number of MPs in fish



Some data suggest HOCs are not desorbed in fish

’ frontiers
in Environmental Science

Microplastic Intake, Its Biotic Drivers,
and Hydrophobic Organic
Contaminant Levels in the Baltic
Herring

UNIVERSITY OF
Martin Ogonowski %, Viktoria Wenman', Andreas Barth*, Evelyne Hamacher-Barth*, L EIC ESTER

Sara Danielsson® and Elena Gorokhova ™




In Humans

Ingestion = egestion (number of MPs per day)

\‘ '/ — Steady state
Ip = Ep = mcp.ng = ny number of MPs

in the human
/N

Mass of fish consumed Number of MPs
by the human (kg d-1) per kg fish
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Lifetime Accumulation of Microplastic in Children and Adults
Nur Hazimah Mohamed Nor,* Merel Kooi, Noél J. Diepens, and Albert A. Koelmans

Cite This: Environ. Sci. Technol. 2021, 55, 5084-5096 I: I Read Online

ACCESS | |l Metrics & More | Article Recommendations | @ Supporting Information

ABSTRACT: Human exposure to microplastic is recognized as a global Plastic sources Exposure k1
problem, but the uncertainty, variability, and lifetime accumulation are H
|
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v, H
Loy
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unresolved. We provide a probabilistic lifetime exposure model for children
and adults, which accounts for intake via eight foed types and inhalation,
intestinal absorption, biliary excretion, and plastic-associated chemical
exposure via a physiologically based pharmacokinetic submodel. The
model probabilistically simulates microplastic concentrations in the gut,
body tissue, and stool, the latter allowing validation against empirical data.
Rescaling methods were used to ensure comparability between microplastic
abundance data. Microplastic (1-S000 ym) median intake rates are 553
particles/capita/day (184 ng/capita/day) and 883 particles/capita/day (583

Assume fugacity in plastic (fp) = fugacity in water (f,,)
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
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Scenarios LABER A%

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

*Environmental exposures (Scenarios 2 & 3) assume all
chemicals in all media & in MPs are at equilibrium with sea

UNIVERSITY OF ]
LEICESTER water (arbitrary conc =1 ng L™1)




Chemical space plots

.100 Relative contribution of MP
ingestion to total chemical
Hypothetical (persistent) chemicals with exposure for a given combination
varying physicochemical properties o0 of chemical partitioning
. properties and for given

assumptions about MP size and
ingestion rate.

.60

.40

—S 6 5 20 Illustrative examples mainly
assume 1 um MP size for 3

Log Kow ingestion rates:
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Scenario 1: Results

Air

Exposure Scenario
Humans only Humans and fish Humans, fish and

Microplastic 100
exposure i Milk and Beef
i cattle
583 ng/d | 80
-
_________________________________________________ |
i i | 2
| | 60
10 mg/d | i
| | o
_________________________________________________ Relative MP contributions
| | to exposure decrease as
20 Koy increases
500 mg/d | | (biomagnification in food
| | webs)
| | 0
(%)
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Scenario 2: Results

Humans only

Exposure Scenario

Microplastic i 100
exposure i
583 ng/d 80
60
3
10 mg/d N,
o
S
40
20
500 mg/d
0
(%)

MP contribution to
exposure increases with
increased MP ingestion

Peak contribution
around log K, 4
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Relative contribution of MPs to PAC EDI (difference between

Scenarios 2 & 3) Microntasti
particle size
1pm 100 um 1 mm
Microplastic >la b c 100

exposure 2 | | Absolute exposure and
X contribution of MPs to EDI
g —2- o

583 ng/d = 80 decreases with increased

—4 particle size

MP contribution to
relative PAC intake
increases with
increased K,
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Application to Risk Assessment for specific PACs

Scenario 2¢ Scenario3

1000000
100000 -
10000 -
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100

Margin of Exposure
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[y

10 1 0.5 0.1 0.001 1
MP Ingestion Rate (mg/d) Water

conentration

mPBDE-209 ™WBPA MDEHP mUV-328 (ng/L)

Relatively low K, so

conc in MPs low

UNIVERSITY OF
LEICESTER



Summary and next steps LABRLAS

* 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

e 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 MIP

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

UNIVERSITY OF
LEICESTER



Thanks for Listening!
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