4, Round Table Online Event
> 14/09/2020

: 5'-
“'l !llu‘ll ||lu._|| H
I |'|.|I’[,.| (I

SItE Towards Lecce2021

,. ; >3 UNIVERSITA L1f;y,vi¥ch www.congresso.ecologia.it

DEL SALENTO

Effect-based methods for ecological risk assessment of
chemical mixtures

llaria Corsi University of Siena Ecosystem health and chemical mixture risk assessment and management



Ecological Risk Assessment
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Ecotoxicology faces the challenge of assessing and predicting the effects
of an increasing number of chemical stressors on species and ecosystems

‘ I
With increasing ecological relevance the reproducibility, specificity and
thus suitability for standardization of methods tends to diminish
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8 The promising concept of “adverse outcome pathways (AOP)” links
| mechanistic responses on the cellular level with whole organism,

population, community and potentially ecosystem effects and services
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Adverse outcome pathways
aim to establish associations between different levels of biological organization
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Chemical mixtures

Simultaneous exposures to multiple chemicals can exert additive, synergistic, or antagonistic effects; equal
to, greater than, or less than the sum of the independent effects of each contaminant, respectively

Mechanistic
(e.g. genomics, proteomics, metabolomics)

|

Whole organism
(e.g. growth and development, physiology, adaptation,
behavior, reproductive capacity, survival)

l

Population
(e.g. population growth rate, inter-specific interactions,
sex ratios, egg viability and emergence success, viability)

l

Community and Ecosystem
(e.g. inter- and intra-specific interactions, competition, predation)

* Effect-based tools can be
useful in the development of
rational and cost-effective
monitoring programes, to
improve the environmental
relevance of the assessment,

* and to link ecological and
chemical information.

Adverse Outcome Pathways
associations between different levels of
biological organisation
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Connon et al., 2012 Sensors
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Natural vs engineered nanomaterials
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NANOMATERIAL EXAMPLES
- Cellular uptake

- Interaction with molecules
- Toxicity

Magneéli phases  Welding fumes Metal oxides Viruses

Nanoplastics Soot Clay minerals Sulfides
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Bio-corona
formation

Biological fate
determined by
biocorona

Nanotoxicological events

Measuring the occurrence is not predictible of real exposure scenarios
Low relevance for ecological risk assessment
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Corsi et al., 2020 Frontiers in Marine Sciences



Nanoplastics

PE PP PS5 PVC PET
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cm
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Ter Halle et al., 2018 Env Sci Technol
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Size Distribution by Intensity
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Polystyrene
nanoparticles

Up to mg/L in the real
exposure scenarios

due to fragmentation and
weathering of macro and
micro

Z-Average: 883.9 3.2 nm
PDI: 0.533 £ 0.05
Count-Rate: 17.4 £ 0.4 kcps

GO9S
0 00

]




S\TATIs
=@

b}
)

Upgyv®

25
'r,( \®

/‘)

% suns Ve,

MEDITERRANEAN ANTARCTICA
20+4°C SST

BER
/v
E )
e L\S
Dyt

UNIVERSITA ALBEDO 0+2°C SST
- (o)
b1 SIENA 38-40%o

1240

34-35%o0
o AL ’
1
/ Coasi:lines . m .
m% — = LATR N

FRAGMENT)
Sea sirface /—_\
GMENTATION

- QJ'KW L
| A
P;HF i 5 i".\

1\‘%/

- -

Branchinecta gaini

Paracentrotus lividus
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Sterechinus neumayeri



Impact on phytoplankton

single cell level

Dunaliella terctiolecta

Surface adhesion
Aggregation
No toxicity

Bergami et al., 2017 Aquat Toxicol
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Skeletonema marinoii

...at population level

Surface adhesion

Reduction of chains

No buoyancy and aggregates sinking
Impact on carbon flux

10 yg PS/mL

50 pg PS/mL

Bellingeri et al. 2020 Env Pollut




A predator-prey

approach ST
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Long-term vs short-term
New end-points

A. franciscana
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Impact on carbon flux in Southern Ocean_Antarctica
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British
Antarctic Survey

NATURAL ENVIRONMENT RESEARCH COUNCIL.

Bergami et al., 2020 Environ Int



New paradigm

Effect-based tools for emerging pollutants
in chemical mixtures

Ward- '08

Listen up men. You are about to embark on a
toxicity test to determine an LC50. Look left,
look right — half of you won’t be coming back.

Single-species assay

Single-substance basis
Limited number of species
Classical end-points

The measurement endpoint is a measure obtained from a standard laboratory
toxicity test using a model organism, whereas the assessment endpoint is often
ecosystem function and biodiversity

Repeatability Landscape
High Throughput s
Low-med Cost

W
Questionable application Cha"enges Q\VQ\(O

across systems/taxa 0

Ecosystéms
&

Low Relevance

Communities
No higher level interactions 7

Populations
A7 Highly relevant
Individuals Higher level interactions

Location specific
OG Costs can vary
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% i

Organs

Cells A
7 @G
Molecules 6@6

High effort to execute

Blue = pro
Purple = +/-, uncertain
Red = con

Integrated approaches of linking mechanistic responses on the
cellular level with whole organism, population, community and
ecosystem effects and services would be desiderable for a
comprehensive assessment of ecotoxicological risks
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