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A brief history of ‘X-axis questions’

Comans et al. Nature, 1988

Comans et al, Nature, 1988:

X-axis
= f( pH
Ionic strength
Ligands
Competing cations..)

Studying uptake of cadmium …
Can we do such things for
(microplastic) particles ?

New X-axis



Two ‘MP examples’
Ecological risk assessment for freshwaters

Koelmans, A.A., Redondo-Hasselerharm, P.E., Mohamed Nur, N.H., Kooi, M. 2020. Solving the non-alignment of methods and 
approaches used in microplastic research in order to consistently characterize risk. Environ. Sci. Technol. 
https://pubs.acs.org/doi/10.1021/acs.est.0c02982

Exposure assessment for humans

Mohamed Nor, N.H.; Kooi, M.; Diepens, N.J.; Koelmans, A.A. 2020. Lifetime accumulation of microplastic in children and adults, 
Submitted.

Tackle the issue of 
uncertainty and diversity
via probability distributions
that capture the ‘habits of 
microplastic in nature’:

Kooi & Koelmans, ES&T Letters, 2019



Ecological risk assessment for freshwaters

Steps taken to get a ‘clean’ assessment:
1. Define problem & effect mechanism

Weight of evidence approach – only use high QA/QC data

2. Select and align exposure data
Based on probability density function for size

3. Select and align effect data – build SSD
Based on probability density functions for size, shape and density

4. Align and compare exposure & effect data to 
characterise risk



1. Define effect mechanisms

De Ruijter et al. ES&T, 2020 

 Risk assessment 
tuned to the MP ‘food 

dilution’ effect



Koelmans et al, ES&T, 2020

1. Weight of evidence for effect mechanisms2. Align exposure data

‘default’ microplastic 1 to 5000 μm
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Koelmans et al, ES&T, 2020

1. Weight of evidence for effect mechanisms2. Align effect data - I

‘default, all’ microplastic 1 to 5000 μm

Log size

Re
la

tiv
e

ab
un

da
nc

e

𝐶𝐹 =
∫ 𝑏𝑥ି
௫మವ
௫భವ

∫ 𝑏𝑥ି
௫మಾ
௫భಾ

=
𝑥ଶ
ଵି − 𝑥ଵ

ଵି

𝑥ଶெ
ଵି − 𝑥ଵெ

ଵି

bioavailable
microplastic

But that’s still
highly diverse 
≠
The monodisperse 
MP used in lab 
tests



Koelmans et al, ES&T, 2020

2. Alignment of effect data - II

For this particular effect mechanism of food dilution, the metric relevant for effect is not number, not mass, 
but ingested volume (within the bioavailable size range)

Imagine an effect threshold in the lab of 4 #/L,
Then calculate the ingested volume of the 4 

particles Volume (μm3)

Calculate how many ingestible environmental (diverse) 
particles (here: 6) fit in that same Volume,

while that diversity is defined via realistic distributions



Koelmans et al, ES&T, 2020

2. Alignment of effect data - III



Koelmans et al, ES&T, 2020

Exposure: Global surface water data 
from Koelmans et al. Water Research, 
2019.

Risk characterisation

1.5% of these reported concentrations
would be at risk

If we take the lower bound of the 95% CI (11 
#/L), risk would be indicated for 28% of the 
locations

Key features:
• All data for ‘environmental MP’
• All data aligned w.r.t. sizes, types, 

effect mechanism
• Only high QA/QC

3. Risk characterisation

No risk



• Workflow 1: Method harmonisation & technical innovations & 
data collection are likely to give best accuracy w.r.t. exposure, 
hazard and risk data - demands patience

• Workflow 2: pragmatic workarounds for alignment of data and
probabilistic assessments - considerable uncertainties

• Hybrid approach:        (rather than parallel) best of both worlds

Prospect
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