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Nanotechnology offers many potential benefits which are of interest to Unilever in developing new innovations. To support the safety of nanotechnologies we have 

put together a risk assessment framework to identify the key risks across consumer, environmental and occupational safety. There are still a number of scientific 

challenges in identifying these risks and we are actively involved in developing the capabilities required to define the exposure and hazards related to specific 

nanomaterials to enable risk-based rather than hazard-based approaches. 

One of the key areas we are interested in is the safety assessment of inhalable biopersistent materials which have traditionally relied upon the estimation of 

consumer lung exposure coupled with generation of in vivo inhalation toxicity data. Our aim is to replace the need for in vivo studies using a combination of exposure-

based waiving and an understanding of the Adverse Outcome Pathways (AOP) for key events in lung responses to fibrosis. 

RISK ASSESSMENT FRAMEWORK

Generation of enhanced physico-chemical data package 
including shape, size distribution, surface area and potential for 

biopersistence of the nanomaterial as supplied.

Physico-chemical characterisation of 
the material in intermediate and final 

product formats.

Exposure scenarios from product 
manufacture, distribution and use. 

Define and advise on risk 
management measures. 

Quantification of exposure.
Determine hazards relevant to the route(s) of exposure.

Comparison of hazards and 
exposures to characterise

COE risks.

Consumer
Adverse effects due to particle 

characteristics (e.g. shape, 
surface area & chemistry), 

potentially increased/altered 
biodistribution.

Occupational
Increased potential for exposure 
due to particle characteristics.

Increased potential for chemical 
reactivity, flammability and 

instability. 

Environmental
Adverse effects due to 
particle characteristics 

(e.g. shape, surface area 
& chemistry), potentially 

increased/different 
bioavailability and/or 

mode of action.

Consumer
Appropriate product 

format & packaging to 
reduce/control exposure. 
Information and labelling. 

Instructions for use.

Occupational
Specify raw material form.

Isolation or containment and 
ventilation. Personal & respiratory 

protection.
Handling systems for 

flammable/explosive materials.
Assure thermal stability.

Environmental
Control emissions to 
acceptable levels.

Sectioned Daphnia and algal cells overlaid with 

titanium dioxide maps

Deposition of fibres on natural and 

synthetic fabrics

Adverse Outcome Pathway (AOP) for lung disease (fibrosis/cancer)

Exposure to 
biopersistent 

material 

Bioavailable to target 
cells - alveolar 

macrophage, epithelial 
cell, fibroblasts

Gene activation
Protein production
Altered signalling

Cell death/proliferation, 
Inflammation, Remodelling

Lung Pathology Lung
Disease

Is there sufficient human exposure to cause concern? 
Are the particles biopersistent?  Can they cause 

inflammation? What size are they? 

Identification of the major gene/protein changes in human disease 
progression  informs the discovery of upstream pre-disease markers 

i.e. TGFß. Also consider genetic changes that could lead to fixed 
mutation.
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Cell systems selected based on responses in levels of known biomarkers of 
pro-fibrotic effect (i.e. collagen, osteopontin, αSMA, and specific genes). 
Transcriptomic studies of in vitro cell lines and of relevant human disease 
states in vivo furthered our understanding of the pathways involved. 
Sensitivity and specificity were tested using previously characterised 
substances followed by use of relevant fibrosis BioMap systems (at BioSeek, 
DiscoveRX) to identify the key events which are consistently activated in 
response to known fibrosis-inducing materials.  
Next steps are to use relevant in vitro lung exposure models using air/liquid 
interfaces – Vitrocell.

6 of the 12 BioMap® systems tested were responsive - Sensitive systems which detected all positive test materials:

• Mphg -Venular endothelial cells + macrophages

• MyoF - Lung fibroblasts (stimulated  with TNFα and TGFβ)

• HDF3CGF – Fibroblasts (stimulated  with TNFα, IL-1β,EGF, PDGF)

• KF3CT - Keratinocytes +fibroblasts (stimulated  with TNFα, IL-1β , TGFβ)

• BE3C - Bronchial epithelial cells (stimulated  with TNFα, IL-1β, IFNγ)

• BT-B cells + peripheral blood monocytes (stimulated with anti-IgM)
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