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Titlecolloids & nanoparticles attract attention

1989
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Title

� Engineered nanoparticles will be emitted to the environment
(lessons learned from chemicals)

� Engineered nanoparticles are emitted to the environment

- Titanium dioxide

- Cerium dioxide

- Silver

- Iron

- ???

� Relevant barriers ?

� Natural background issues

� Distribution ?

� Final destination ?
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Titlebackground of natural nanoparticles

@ 17.7 g/L NaCl

650 ppm in surface runoff

25 ppm TiO2
121 ppm soil NPs

72 – 2400 ppm soil and clay NPs
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Titleelement distributions of natural nanoparticles (1 – 20 nm)

hydrodynamic radius (nm)
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v.d.Kammer & Hassellov 2009 in prep.

Analysis of soil NP with

Field-Flow Fractionation

coupled to 

HR-ICP-MS

20 nm
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Titledistribution pathways in terrestrial and aquatic environment

mixing zonefreshwater seawater

soil

groundwater hyporheic zone
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settling

sediment/porewater
transformations

aggregation
stabilisation ?

remobilisation from
or with sediment

deposition / surface runoff
transport in soil &
in groundwater
root/plant uptake

stability & aggregation
appearance in fresh waters
effects on organisms

reactions determine
exposure

WWTP

(Christian; v.d. Kammer; Baalousha; Hofmann: Ecotoxicology 2008)
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Titlebehaviour  ���� fate ���� final sink ���� exposure

(Mueller & Nowack: ES&T 2008)

aquatic organisms / export to ocean: 

0.7 – 16 µg/L n-TiO2

heteroaggregation with 25 - 50 mg/l SPM: 

14 – 640 mg/kg n-TiO2 in SPM

sediment concentration: 

~ 20 – 800 mg/kg n-TiO2

Buffle & Leppard (1995)

surface water nanoparticles
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TitleSimplified test matrix for dispersion stability in natural waters

different species
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TitleTiO2 NP stable dispersed fraction as function of pH and Na+ and Ca++ concentration
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TitleTiO2 NP stable dispersed fraction as function of pH and NOM and sulfate 
concentration
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Titlestability regions and aggregation conditions for HOM UV-100
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Titletransport in river systems: simulation in laboratory flumes

lab flumes

deposition
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Titletransport in river systems: how far do they get?

Travel distance until 99% removal from water column
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Titletransport in river systems: size selective transport

settling deposition

Particle size over time in flume experiments
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Titleyes, there are effects on microorganisms in the biofilms

percentage of compromised cells (life/dead kit) in biofilms of flume experiments
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Titleconcluding remarks

What we know

• colloid chemistry is still valid ���� prediction possible for “simple” systems

• knowledge about natural colloids/nanoparticles is a pplicable

• ENPs show effects on organisms in natural waters

What we don't know still

• emission scenarios (what, where and how much)

• behaviour in “real” highly complex systems

• analytical methods to detect and quantify ENPs in na tural waters

• background problem unsolved

• what causes effects and what attenuates them

… to be continued …


