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The HHHHHHHHHHH 

Behaviour and Fate is environment dependent 

Most “entities” change behaviour 

when moved from one compartment 

to another or between different Phys 

Chem. parameters.  
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Data needs for environmental RA of nano 
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Fig. 1. Schematic illustrating key issues concerning the disposal fate and 

environmnetal relase pathways of an example “down the drain” 

nanotechnology product (e.g. ZnO ENP containing sunscreen.

1) How much? 

2) Where does it go? 

3) Will it cause effects? 

“Tools for mapping environmental risk across Europe from  
commercial nanoparticles used in consumer products” 
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Predictive models, 
data & assumptions 

 
Ag+

tox > AgPVPNPtox > AgSNPtox 
 

High dissolution => high ion tox 
 

etc, etc 

 

Decision-trees Decision tables 

Aim: to generate 
Hazard estimates  
using as much of 
existing data and 
methods as 
possible. 
 
Data selection: 
- Quality (of test) 
- Relevance (of test) 
- Similarity (of NM) 
 

Hazard data selection 



Similarity 
Step 1 of “read across” 

Predicted Toxicity data 
for 

“Exposure relevant NM” 

Observed Toxicity data 
for “Tested NM” 

How directly  
can toxicity  

data be used? 
Adjustments?  

Similar?  

Comparing “Nano Forms” 
• OECD/ECHA workshop on this 
• ECHA consultation on this          
      (Adopted US EPA – includes coating) 
 
Key issues: 
• Where does it go (fate and uptake)? 
• What does it look like? 
• What does it do? 
 
Need to agree on what to compare. 
 

Surface coating – layer 1     

Surface coating – layer 2     

Base particle (core) 
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transformations 
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Test media 
transformations* 

Predicted Toxicity data 
for 

“Exposure relevant NM” 

Observed Toxicity data 
for “Tested NM” 

How directly  
can toxicity  

data be used? 
Adjustments?  

Similar?  

* Relevant in test systems where NP are present in a 
media and can transform during the experiment 

(e.g., ecotoxicity tests, in vitro tests…) 

Similarity 
Step 1 of “read across” 

WP6 hazard 
testing 

WP5 models??  
Prediction rules?? 

Experimental  test analytical data?? 
Open box to be filled in the future?? 
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Test media 
transformations* 

Predicted Toxicity data 
for 

“Exposure relevant NM” 

Observed Toxicity data 
for “Tested NM” 

How directly  
can toxicity  

data be used? 
Adjustments?  

Similarity evaluation 
based on: 
subset of 
physicochemical 
properties considered 
to play an important 
role for a given context  
(understood as hazard 
type, environmental 
compartment, …). 

WP5 models??  
Prediction rules?? 

Experimental  test analytical data?? 
Open box to be filled in the future?? 

Similar?  

* Relevant in test systems where NP are present in a 
media and can transform during the experiment 

(e.g., ecotoxicity tests, in vitro tests…) 

Similarity 
Step 1 of “read across” 

WP6 hazard 
testing 
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“Read across” assumptions in the environment 
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transformed 
Environment 

transformed 
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Pristine WWTP 

transformed 
Environment 

transformed 

Bioaccumulation 

Reactive nano materials in reactive environments => Transformations 

“Context” 
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Hazard ranking: 

=>  

Mass exposure (PEC)/ 

Ion Hazard (PNEC) 

based RA 

Should be conservative and 

protective. 

 

But what if: 

Ag2S accumulates 

in hotspots (biota) and  

dissolves late  

(e.g. post ingestion) 

=>  

Need to understand 

Exposure  

“Read across” assumptions in the environment 
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Exposure - Nanomaterial fate in the environment: 
   

   Where, what and for how long? 

London (UK)

Thames (UK)
catchment

3) Object-oriented multimedia fate models
dynamically connecting “Environmental cells”
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Waste mgt.

GIS layers providing “cell” specific:
• Human population & Industry
• Elevation & river network
• Vegetation, soil type & landuse
• Environmental chemistryRecycling

Conceptual workflow for a framework to deliver dynamic multimedia fate 
prediction both in a generalised model environment and GIS enabled mode.

Focus on the “real product” and “environmentally realistic/relevant forms.

• “Reactors” and relevant 

ENMs (using the right 

starting materials at each 

step) 

• Functional fate groups                 

a tool to understand and    

reduce complexity 

• Exposure assessment 

framework catalogue of 

models, parameters and 

methods 

• Multimedia fate models  

simplified to feed   

regulatory models 

(SimpleBox for nano) 
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Environmental reactors: Complex, but may they help? 
   

    Reactive nano materials in reactive environments => Transformations 
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Environmental reactors: Complex, but may they help? 
   

    Reactive nano materials in reactive environments => Transformations 
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Modified from D Mitrano & B Nowack (EMPA) 
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What about a mild reactor – water? 

London (UK)

Thames (UK)
catchment

3) Object-oriented multimedia fate models
dynamically connecting “Environmental cells”
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Focus on the “real product” and “environmentally realistic/relevant forms.
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starting materials at each 
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• Functional fate groups                 

a tool to understand and    

reduce complexity 

• Exposure assessment 

framework catalogue of 

models, parameters and 

methods 

• Multimedia fate models  

simplified to feed   

regulatory models 

(SimpleBox for nano) 



What about a mild reactor – water? 
  

• The order of sensitivity to AgNO3 and 2 x Ag NPs NPs has no simple correlation 

Marianne Matzke, in prep 

Lynch et al., in Frontiers of Nanoscience, 2014,   

Volume 7: Nanoscience and the Environment 
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What about a medium reactor – soil? 

London (UK)

Thames (UK)
catchment

3) Object-oriented multimedia fate models
dynamically connecting “Environmental cells”

A
ir

 
W

at
er

SMP
Phase

Free
phase

Sediment
phase

Solid
Phase

So
il

Pore water
Phase

X

Y

2) Environmental
„cell“
reactors

1) ENM enabled
Product value chains
& release pathways

ENM 
Synthesis

ENM 
Prod. Manu.

Distribution

Use phase

Waste mgt.

GIS layers providing “cell” specific:
• Human population & Industry
• Elevation & river network
• Vegetation, soil type & landuse
• Environmental chemistryRecycling

Conceptual workflow for a framework to deliver dynamic multimedia fate 
prediction both in a generalised model environment and GIS enabled mode.

Focus on the “real product” and “environmentally realistic/relevant forms.

• “Reactors” and relevant 

ENMs (using the right 

starting materials at each 

step) 

• Functional fate groups                 

a tool to understand and    

reduce complexity 

• Exposure assessment 

framework catalogue of 

models, parameters and 

methods 

• Multimedia fate models  

simplified to feed   

regulatory models 

(SimpleBox for nano) 



+
+

+

++

Concentration Shape

Size

Size 

Distribution

Composition

Structure / 

Crystallinity

Porosity / 

Surface Area

Surface 

Functionality

Surface 

Speciation

Surface 

Charge

Agglomeration State

Hassellöv and 

Kaegi, 2009

www.nanofate.eu 

Dissolution time scales can be long 
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• In dark at 20 ± 1°C 

• Continuously aerated 

• Moisture loss adjusted 

OECD test 

Field 
relevant 
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Coating, Uptake and Toxicity 

50nm AgNPs  
(PVP coated) 

Diez-Ortiz, M et. al. Environ Tox and Chem 34 (10), 2263–2270 (2015) 

0

30

60

90

0 20 40 60 80 100 120 140 160 180

R
e
p

ro
d

u
c
ti

o
n

 (
J
u

v
e
n

il
e
s
)

Ag Tissue, ug/g worm

PVP AgNP

AgNP t=0

Ag+

Particle binding
to cells

Particle uptake

?

Organism

SILVER UPTAKE AND TOXICITY IN EARTHWORMS  

EXPOSED 56DAYS (IN FRESHLY SPIKED SOILS) 

(b)  (a)  

(c) (d)

0.2 μm

50 nm50 nm

5 μm

50nm AgNPs  
(uncoated) 

v 

v 

NP “over-accumulates” 

without effect: 

Coating and slow 

dissolution seems 

“protective” 

http://images.google.pt/imgres?imgurl=http://www.amystewart.com/images/efetida-lg.jpg&imgrefurl=http://www.amystewart.com/images.html&usg=__RfdBBpsTeFxybKGh7lMLcpsebk8=&h=919&w=1231&sz=161&hl=pt-PT&start=2&sig2=cWPiiJjsFW2nqysus5_w2Q&tbnid=f5YT6JyMABPx4M:&tbnh=112&tbnw=150&prev=/images?q=eisenia+fetida&gbv=2&hl=pt-PT&ei=8wFWS7r5G9Hv-Qa3n8TCCA
http://images.google.pt/imgres?imgurl=http://www.amystewart.com/images/efetida-lg.jpg&imgrefurl=http://www.amystewart.com/images.html&usg=__RfdBBpsTeFxybKGh7lMLcpsebk8=&h=919&w=1231&sz=161&hl=pt-PT&start=2&sig2=cWPiiJjsFW2nqysus5_w2Q&tbnid=f5YT6JyMABPx4M:&tbnh=112&tbnw=150&prev=/images?q=eisenia+fetida&gbv=2&hl=pt-PT&ei=8wFWS7r5G9Hv-Qa3n8TCCA


The HHHHHHHHHHH 

How to access coating stability in the environment ? 
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What about a chain of reactors – “real world”? 

London (UK)

Thames (UK)
catchment

3) Object-oriented multimedia fate models
dynamically connecting “Environmental cells”
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maximum regulatory loading of Zn from sewage soils 

Sludge production at Cranfield University, UK 

Three sewage sludge streams  

NP 
SS 

Ionic  
SS 

Control  
SS 

US EPA Guideline (CFR 40 part 503) 

Sludge 

Zn limit:  
2800 mg/kg 

Equivalent Ag: 
250 mg/kg 

Zn + Ag Zn + Ag 

NP  Control  Ionic  

- Mixed with soil to Max. Zn loading from 
sewage sludges in US soils = 1400 mg Zn/kg 
- Aged 6months in outdoor mesocosms 

Real world “Aged” sewage sludge NPs trials 



maximum regulatory loading of Zn from sewage soils 
 

Effects on Clover nodulation 
Medicago Nodulation (Legume N-acquisition)  

Judy, J. et. al. Environ. Sci. 

Technol., 2015, 49 (14), pp 8751–8758 



maximum regulatory loading of Zn from sewage soils 
 

Effects on earthworm reproduction 
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Body Zn unchanged, 

but Ag elevated 

Lahive, L. et. al. Environ. Sci.: Nano, 2017,4, 78-88  



maximum regulatory loading of Zn from sewage soils 
 

Reproduction + Earthworm body concentration 

maximum regulatory loading of Zn from sewage soils 
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maximum regulatory loading of Zn from sewage soils 
 

Reproduction + Earthworm body concentration 

maximum regulatory loading of Zn from sewage soils 
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• Three sewage sludge streams: Control, Ionic and NP 
• No Zn Speciation difference and no ZnO left 
• (Ag too low concentration for speciation) 

Real world “Aged” sewage sludge NPs trials 

Question: What is different when metals arrive as NP vs. ions? 

 Cranfield  

     UNIVERSITY 

ZnS 
~5nm 

O2, S2- 
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Exposure - Nanomaterial fate in the environment: 
   

   Where, what and for how long? 

London (UK)

Thames (UK)
catchment

3) Object-oriented multimedia fate models
dynamically connecting “Environmental cells”
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prediction both in a generalised model environment and GIS enabled mode.

Focus on the “real product” and “environmentally realistic/relevant forms.

• “Reactors” and relevant 

ENMs (using the right 

starting materials at each 

step) 

• Functional fate groups                 

a tool to understand and    

reduce complexity 

• Exposure assessment 

framework catalogue of 

models, parameters and 

methods 

• Multimedia fate models  

simplified to feed   

regulatory models 

(SimpleBox for nano) 
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Exposure - Nanomaterial fate in the environment: 
   

   Where, what and for how long? 

Incorporate modules into regulatory models e.g. EUSES Model 



Overall conclusions 
• Pristine nanoparticle info is meaningless – unless the patterns 

found are use in context of exposure relevant forms! 

 

• Fate determines if and where there may be possible Nano Exposures  

 Including how potent the exposure relevant form is 

Long-term fate and hazard data is needed.  

 

• Begin with good empirical relationships between properties, 

reactions (e.g. coating degradation, sulphurdation and dissolution) 

and consequent uptake/effects –  

• Identify key “undesirable” NM behaviours 

• Link these to properties to avoid or ensure are degradable 

 

• Tune the properties of NM products so function is maintained in use 

phase, while ensuring fast environment degradation of ENMs          

or their Nano function.  
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