Downloaded from orbit.dtu.dk on: Dec 18, 2017

Technical University of Denmark

=
—
—

i

Aquatic Ecotoxicity Testing of Nanoplastics (and microplastics) - Lessons learned
from nanoecotoxicology

Hartmann, Nanna B.; Rist, Sinja; Baun, Anders

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Hartmann, N. B., Rist, S., & Baun, A. (2016). Aquatic Ecotoxicity Testing of Nanoplastics (and microplastics) -
Lessons learned from nanoecotoxicology Kgs. Lyngby: Technical University of Denmark, DTU Environment.
[Sound/Visual production (digital)]. SETAC Europe 26th Annual Meeting, France, 22/05/2016

DTU Library
Technical Information Center of Denmark

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
¢ You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


http://orbit.dtu.dk/en/publications/aquatic-ecotoxicity-testing-of-nanoplastics-and-microplastics--lessons-learned-from-nanoecotoxicology(9f45ba57-741e-429c-9203-049093fec718).html

Technical University of Denmark []TU

Aquatic Ecotoxicity Testing of
Nanoplastics (and microplastics)

Lessons learned from nanoecotoxicology

Nanna B. Hartmann, Sinja Rist, Anders Baun

SETAC Europe 26th Annual Meeting
22-26 May 2016
Nantes, France

DTU Environment
Department of Environmental Engineering




Tuning the test system...

NanoFM Radio Chemical
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Definition of nanoplastics
Proposed definitions 1nm - 1pm I igm=imm 1 mm-1cm[ >1lcm
Gregory & Andrady 2003  67-500 pm >500 um
Browne et al 2007 <Ipm - lpm-1mm >5mm
Ryan et al 2009 <2mm . n-2cm B >2cm
Arthur et al 2009 <5mm |
Fendall and Sewell 2009 <5mm B onm
Costa et al 2010 <Imm |
EU Comission 2011 1-100 nm
Hidalgo-Ruz et al 2012 <5mm |
Claessens et al 2013 <imm |
Van Cauwenbergheetal 2013 <Imm |
Desforges et al 2014 ~ 1gm-5mm
Koelmans et al 2015 1-100 nm | ] I <5Smm _ \ >
107 108 107 10 10° 104 103 102 particle size [m]
1nm 1um 1mm lcm

nanoplastics  ['microplastics’”  mesoplastics macroplastics
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Similarities and differences

Composition

Sources to
occurrence in the
aquatic environment

Regulatory
intervention options

Detection in the
environment and
biota

DTU Environment

Metal, metal oxide,
carbon based,
organic...

Mainly primary
(intentional
production)

Specific ENM
production & use

Challenging - but
possible for ENMs
made of non-

ubiquitous elements

Synthetic polymers,

natural rubber...

Mainly secondary
(degradation in the
environment)

General plastic
production & use

More challenging!
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Similarities and differences

Engineered Nanoplastics (and
nanomaterials microplastics)
(ENMs)
Hazardous Can be designed to Not intentionally
properties have a specific hazardous

biological effects or
functionalities

Toxic effects - Leaching (ions) - Leaching
potentially caused - Physical interactions (additives)
by... - ENM reactivity - Physical

- Carrier effects interactions

- Carrier effects

Novel properties Inert - Reactive ?2?77?
as nano

DTU Environment
Department of Environmental Engineering



Nanoplastics — an environmental problem?

Particle number pr volume or area

DTU Environment

: Mesh size cut-off
: (e.g. 333 um)
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1nm-1um 1um Imm I1mm-1cm >1cm

Mesh size
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Will nano stay nano?

Freshwater Brackish water Sea water
Salinity <1 %o Salinity <30 % Salinity >30 %.

Zooplankton R
4

Phytoplankton

Phytoplankton

R s

Forage ﬁsl:

||

Freshwater organisms Brackish water organisms Marine organisms
(oligohaline, mesohaline, polyhaline)

Anadromous —
— Catadromous

Microplastics /
Nanoplastics varying
in size, shape,
density and
agglomeration state
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Probably not...

= - o surfectant

—— Palstyrene - with surfactant
20 1 ‘ —— PABAA - with surfactent
2500
/

o I T T T T T 1 : I 1 T 1 1 T 1
[] 5 10 1:,“1-”':'0 25 0 35 0 o 5 10 ]:m mzu 5 30 35
Polystyrene PMMA

+ interactions with organic matter, phytoplankton etc.
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Water soluble chemicals
VS. particles

Soluble chemical

\l___——"
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Nanoparticles
+ Nanoplastics / Microplastics
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Water soluble chemicals B
VS. particles %ﬁ 1S

Chemical and
physical

transformations
and reactions

Mainly physical
transformations

Dispersion. Release of ions,
(De)agglomeration/
(de)aggregation, Sedimentation,
Surface transformations and in
situ functionalisation, Sorption
as sorbant/sorbent

Dissolution, Evaporation,
Precipitation, Speciation /
Complexation / Dissociation,
Sorption as sorbant

DTU Environment

Skjolding et al., 2016 (under review)



1st step: acknowledging the
problem

SELECTIVE
ABOUT THE
REALITY
| ACCEPT

T .
- @ Effect = f(conc)

Prl
rgrh conc:

Q@ o '
. B
e ©O ¢

o]

Effect = f(conc.,time, organism, media etc)

Baalousha & Lead (2013). Nature Nanotechnology, 8, 308-309
Baun, et al. (2008).. Ecotoxicology, 17 (5), 387-395

DTU Environment Hartmann et al.. (2013)..Nanotoxicology DOI:
Department of Environmental Engineering 10.3109/17435390.2012.710657
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The ‘solution’...

Effect = f(conc.,time, organism, media etc.)

F YRS

[ Control + Describe Exposure ]

A\ 4

INTERPRETATION OF TEST RESULTS
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Ecotioxicity testing of nanoplastics — key
challenges and suggestions

o Making our studies (more) relevant:
o What we test VS nanoplastics in the environment
o Properties of environmentally weathered nanoplastics?

o In lack of environmental nanoplastic samples - more studies on
artificial weathering are needed!

o Detection, identification and quantification in the environment
o Need for standardised methods - increased comparability
o Increased analytical sensitivity (size & concentration)

- WARNING
o Detection and quantification in lab experiments

AHEAD

@ CHALLENGES

DTU Environment




Lessons learned from microplastic

research
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Thank you for your attention!
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