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“An average person could be ingesting approximately
. 5 grams of plastic per week.”

Senathirajah et al., Estimation of the mass of microplastics ingested — A pivotal first step towards
human health risk assessment
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Micro and nanoplastics are emerging pollutants

* d} Microorganisms
Aggrega’non

Cellular uptake
O
Increased transport

Biouptake
Nanoplastics Mlcroplqshcs

i

@ ©
O QOQ O Organic matter

I I 1

1073 1072 10‘1 10° 10 10° 10° 104
Radius (um)

23 september 2022 Politecnico di Torino — Groundwater Engineering



Q)

\/4

Particulate plastics in water treatment systems
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* Microplastics and nanoplastics are
in many drinking water sources

* (Can conventional drinking water
treatment plant systems remove
them?

* Which stages of drinking water
treatment and operational
conditions are most
important/efficient for removal?
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Simplified drinking water treatment chain
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Natural sample
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Test system

$

Analyze metal as
proxy for plastic

Overcoming obstacles in nano- and microplastics analysis

Polystyrene NP doped with Pd

Mitrano et al. Nature Nanotechnology 2019

* NPssize 160 nm
* No metal leaching over time
* Metal inside polymer, surface

chemistry unaffected

* 0.3 wt% metal, density

differences negligible
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Ozonation has no effect on nanoplastics fate

i

A £ 300 B Ozoneogoses (mg 0O3lL) .

5 ] * No changes in plastics size and

g™ - morphology observed

2 1007 £

§ 100 g

> 2

g 50 - d
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removal in DWTP
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J—” Pilot-scale drinking water treatment plant
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Water supply company of Ziirich

Lake Zurich Water
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injection
[ Pump ]

A4

Pressure
valve

Water
sampling
points

Water head

0.1m
0.2m
0.3m

0.6m

0.9m

1.4m

i Diameter: 1.10 m
Length: 1.85 m
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Modeling approach: Particle-filter interactions

i

Modified transport equation accounts for interaction mechanisms:
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MNMs 2022 software
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Licensed institutions:

. . 1. Austrian Institute of Technology
MNMs = Micro- and Nano-particles transport, 2 Universtyof Calforia, Davis
. . . o 3. Deltares
fl Itratlon a nd Cloggl ng MOdeI - §u Ite 4. Helmhotz Centre for Environmental Research
5. Helmholtz-Zentrum Dresden
6. Helmhotz Zentrum Munchen
: 7. Institut de Mécanique et d’Ingénierie
I 020 Breakihrough curves of species In iquid phase 8. Jacobs University Bremen
& 9. KAUST King Abdullah University of Science and
R, Technology
o B 1 10. Slovak University of Technology in Bratislava
L 11. Stuttgart University
For < 12. The French National Institute for Agricultural Research
‘g 1 % 13. University of Chemistry and Technology, Prague (UCT)
— - § I % 14. University of Gothenburg
i | T 15. Land Quality Management Ltd.
h T 16 University of Leeds
- i yi 17.  University of Manchester
... =Py . 18. University of Potsdam
P e— 19 University of Tehran

. ) 20. University of Utrecht
v 21. University of Vienna
22. Vienna University of Technology
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www.polito.it/groundwater/software
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Pore Volume (-)

e Possibility to measure NP
retention over filter depth

ClC ()
Depth (m)

* Higher retention in sand than in
activated carbon

0 25 50 75 100
Retained nanoplastics (mg/kgac)

* Higher retention in upper layers

- of sand filter, due to the presence
Zj:i_/ of a biofilm
gl v e The MNMs model properly 4%
N " reproduces the dynamics of
. o nanoplastics filtration
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Simulated performance of a drinking water treatment chain

NP retention parameters
extracted from modeling BTC of
DWTP pilot experiments used to
model full-scale system

Cumulative removal efficiencies
estimated using “unrealistically
high” NP conc. to stress-test

system

High capability of filtration units:
overall 3.6 log removal
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Take-home messages

i

e Tested drinking water treatment chain
significantly reduces NPs in potable water

* MNMs can help predicting large scale NPs
filtration behavior

* Even higher removal anticipated in full scale
drinking water treatment plants:
* Additional treatment steps
* More established biofilm

Different types of NPs and drinking water \
treatment configurations should still be assessed G 3
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