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Exposure assessment (of Nano) in the environment: 
  How much is released, and where does what go? 

The NanoFASE Approach 
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Investigating forms leaving end of life stage (WP5) 

Investigate fate and transformation of ENM in major WASTE REACTORS: 

Effluent to rivers 
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Fate of Ag-NP in WWTP: 
Mass Balance and Transformation 
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Initial spike 
(1day, 2400µg/l) 

Dosing I 
10days, 130µg/l, 1m3/d 

Dosing II 
10days, 130µg/l, 2.2m3/d 

Recover 
24days, no Ag added 

Mixed liquor 

Effluent 

Dosing I Dosing II Recover Init. 

data 

model 

Kaegi, R. et al. ES&T, 45, 
3902–3908 (2011). 

Ag- (NP) Mass Balance 

Ag meas. 
Agtot Agmeas AgExcess AgSecCl Agrem 

133 126 112 7 8 

95% 5% 

95 % of the Ag-NP are accumulated in the sludge.  
In which form?  
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Ag-Speciation and Structural 
Arrangement of the Ag-NP 

Pilot WWTP Ag(0) Ag2S 

Sludge(1d) 2 99 

Sludge(18d) 3 98 

Effluent (1d) 0 100 

Effluent (18-37d) 15 86 

Linear combination fits (%) 
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Electron microscopy 

Kaegi, R. et al. ES&T, 45, 3902–3908 (2011). 
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Morphology and Structure of the Ag-NP  
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What goes in is NOT what goes out 

Ag-NP released  
to the sewer 
system 

Ag-NP released 
to urban 
surface water 

! 

!! 

Interface between ‘WASTE’ and 
‘ENVIRONMENTAL’ reactors 
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Will CuO – NP survive the wastewater 
/ sludge treatment? 

XAS-LCF analysis and electron microscopy 

Gogos, A., Thalmann, B., Voegelin, A. & Kaegi, R. Environ.-Sci. Nano 4, 1733–1741 (2017). 
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Sulfidation kinetics in the 
presence of ‘organics’ 

Yes, there are differences, but are they decisive?  

Control NP 

Humic acid 

BSA 

time [h] 

BSA CuO CuS (am) CuS (cryst) 

Gogos, A., Voegelin, A. & Kaegi, R. Environ.-Sci. Nano 5, 2560–2569 (2018). 
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Control 
sludge 

+ ZnO-NP 
or 
CuO-NP 

+ Zn2+ 
or Cu2+ 

Differences in speciation of Cu 
and Zn determined by XAS 

5 

Dissolved Cu2+ / Zn2+ vs. Cu- / Zn-NP 



NIA’s 8th Annual Symposium 
27 March 2019 

Sludge Ash 

CuO: Incineration makes it alike 
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5 0  n m5 0  n m

400 nm 400 nm 

1 week 

15 min 

400 nm Ag2S 

CuS 

Ag0 

CuO 

Waste Reactors Transform ENMs A ≠ B 
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Exposure assessment (of Nano) in the environment: 
   

How much is released, and where does what go? 

 

Waste Water 
95% Sludge 
5% Effluent 

? 

0-95% 

5% 

Waste Water Treatment Plant  
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Adam, V., Caballero-Guzman, A. & Nowack, B. Environmental 
Pollution 243, 17–27 (2018). 

Exposure assessment (of Nano) in the environment: 
   

How much is released, and where does what go? 

 

Production 

Sludge Ash 

Fate of Ag-NP 
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+ ZnO-NP 
or 
CuO-NP 

+ Zn2+ 
or Cu2+ 

Waste Reactors Unify ‘ENMs’ 
A 
B 
C 

D 
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Conclusions and 
remaining questions  

‘Reactive’ NP transform in Waste Reactors 
-> biota is exposed to transformed rather 

than to pristine NP  

??? 

What are the impacts of the 
transformation products on biota? 

‘Reactive’ NP unify in Waste Reactors 

Are also the impacts unified? 

pristine 

transformed 

Lah
ive

, E. et al. En
viro

n
.-Sci. N

an
o

 
4

, 7
8

–8
8

 (2
0

1
7

). 


