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Nanoparticles by Gas Phase Process
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„Nanoreactors“ by Miniemulsion Technology: 
Preparation of Nanoparticles

disperse
phase

continuous
phase with
emulsifier

pre-emulsion

homogenizer/
dispersing device

mini-emulsion,
kinetic stabilisation

• droplet disruption by input of mechanic energy

• kinetic stabilisation by small amounts of emulsifier

• droplet size down to the sub-micrometer range



Integrating Nanoparticles into Emulsions
from Coating Resins
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in vitro dermal Penetration study
with nano ZnO and TiO2 on pig skin

Dermal Toxicity
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Gamer A. et al. (2006 ): The in vitro absorption of microfine zinc oxide and 
titanium dioxide through porcine skin, Toxicology in Vitro, 20,  3, 301-307  



Nanomaterials in the Body
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SCENIHR issue item: - State of the art 1/3

1. The mechanisms of toxic effects of engineered 
nanoparticles may be dominated by those 
characteristics specifically introduced in order to 
meet the intended function of the product of 
interest, ….

2. Therefore, any unpredicted interactions between 
nanoparticles and biological systems may 
depend on their unique physical and chemical 
properties and their multiple functionalities.



SCENIHR issue item: - State of the art 2/3

Since key mechanismsfor exposure processes and toxicity effects of 
manufactured nanomaterials are not sufficiently 
understood, these inherent uncertainties will dominate 
the estimation of risk.

It should be emphasised that these are not simply 
uncertainties in the values of some traditional 
parameters, but rather the uncertainties about the 
potentially unique or significantly modified causal 
mechanisms themselves.



SCENIHR issue item: - State of the art 3/3

1. uncertainty from the relevance of routes of exposureto 
individual circumstances,

2. uncertainty from the mechanisms of translocationto 
different parts of the body and the possibility of 
degradation after nanoparticles enter the body, 
and the modified toxicokinetics of these 
nanoparticles compared to conventional bulk 
materials. 

3. uncertainty from the mechanisms of toxicity (effect)of 
nanoparticles,
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Health Concerns with Nanomaterials

Chemical’s Effects

Cellular / Nano-specific Effects
• Cytotoxicity
• Genotoxicity
• Inflammatory reactions
• ROS formation
• …

Particle’s Effects

General Toxicity

• Local Irritation
• Sensitization
• Acute Systemic Toxicity
• Systemic Toxicity

by Repeated Exposure 
• Fertility Impairment

• Developmental Toxicity
• Carcinogenicity

Nano-related Effects

Biokinetics
• Absorption
• Distribution
• Excretion



Route-specific Concerns

Triggers by Initial Concerns
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• Skin irritation and 
corrosion

• Eye irritation

• Cytotoxicity
Genotoxicity

• Effects after Inhalation
(or dermal, oral)  
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DE in the body

• Penetration of specific 
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Health Concerns with Nanomaterials



Design of Targeted Testing
of Nanomaterials

Targeted Studies

Selecting routes :
inhalation, dermal, oral gavage

Nano-specific test item preparation
and characterisation

(e.g. nanomaterials in media/matrix)

based on OECD or other Standard Test Methods

Selecting target organs
e.g. lung only, skin only, …

Selecting effects
e.g. inflammation in the lung

Select and Adapt Test Methods: Relevant and reliable for Nanomaterials

Combining Study Types (e.g. uptake and effects in the lung)

target Parameters
(e.g.  cytokine profiles, fibrinogenesis, …)

appropriate Dosimetrics
(e.g.  mass, particel number, surface, …)

Adaptation (Deselection based on Testing Strategy)Adaptation (accounting for Nanomaterial‘s properties)



� Head/Nose only
� Brush-Generator
� Analysis of concentrations
� Particle size measurement (Impactor,  OPC (optical particle counter) 

and  SMPS (scanning mobility particle sizer) 

Inhalation Exposure
Aerosol Generation
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Inhalation Exposure
Aerosol Characterisation
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Inhalation Exposure
Distribution in the Lung



untreated

nano-TiO2

Inhalation Exposure
Comparing Effects of nano and micron

Quartz

pigment-TiO2



Inhalation Exposure
Biological Parameters

Cytokines et al.

1. Apolipoprotein A1
2. ß-2 Microglobulin
3. Calbindin
4. CD40
5. CD40L
6. Clusterin
7. C-Reactive Protein
8. Cystatin
9. EGF
10. Emdothelin-1
11. Eotaxin
12. Factor VII
13. FGF-basic
14. FGF-9
15. Fibrinogen
16. GCP-2
17. GM-CSF
18. Growth Hormone
19. GST-�
20. GST-1 Yb
21. Haptoglobin
22. IFN-�
23. IgA

24. IL-1�
25. IL-1ß
26. IL-2
27. IL-3
28. IL-4
29. IL-5
30. IL-6
31. IL-7
32. IL-10
33. IL-11
34. IL-12p70
35. IL-17
36. Insulin
37. IP-10
38. KC/GRO�
39. Leptin
40. LIF
41. Lipocalin-2
42. MCP-1
43. MCP-2
44. MCP-3
45. MCP-5
46. M-CSF

47. MDC
48. MIP-1�
49. MIP-1ß
50. MIP-1�
51. MIP-2
52. MIP-3ß
53. MMP-9
54. Myoglobulin
55. OSM
56. Osteopontin
57. RANTES
58. SCF
59. Serum Amyloid P
60. SGOT
61. TIMP-1
62. Tissue Factor
63. TNF-�
64. TPO
65. VCAM-1
66. VEGF
67. von Willebrand Factor

Histopathology

Proliferation and Apoptosis

Clinical chemistry 
Protein
lactate dehydrogenase (LDH)
Alkaline phosphatase (ALP)
g-Glutamyltransferase (GGT)
N-acetyl-b-Glucosaminidase (NAG)
total cell count
cell differential analysis

-macrophage (MPH)
-polymorph nuclear granulocytes (PMN)
-lymphocyte (LYMPH)

Troponin I

Parameters of oxidative stress
Carboxymethyllysin (CML)
Malondialdehyd (MDA)
8-OHdG
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2 mg/m 3 10 mg/m 3 50 mg/m 3

Concentration-Effect Diagram

� Rats exposed to
2, 10 and 50 mg/m3 nano-TiO2

� Immediately after the last 
exposure

� Relative increase vs. control

� Reflect different levels of local
inflammation in inhalation studies

Inhalation Exposure
Effects of TiO2



Inhalation Exposure 
CeO
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Inhalation Exposure 
MWCNT
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Inhalation Exposure
Summary of Effects

Target 
concentration 

(mg/m 3)
NOAEC Clin. Path. Pathology Reversiblity Translocation

TiO2

ZnO

SiO2

SiO2 coated

MWCNT

CB

ZrO2

CeO

2, 10, 50

LOAEC: 0.5 mg/m3  
(only very mild effects)

early inflammation / 
necrosis

lung: inflammation / 
cell death;               

nose: necrosis

LOAEC: 2 mg/m3 (only 
mild effects)

inflammation histocytosis not complete no indication

yes (soluble)

no indication

yes

yes (spleen)

no indication

no indication

n.d.

n.d.not completen.d.inflammation

NOAEC: 10 mg/m3

NOAEC: 0.5 mg/m3

NOAEC: 10 mg/m3

NOAEC: 10 mg/m3

NOAEC: 0.1 mg/m3

no effects  - 

 - n.d.

no effects

inflammation

no effects

 - 

no 

 - 

no effects

no effects

inflammation

no effects

0.5; 2.5; 10

0.5; 2.5; 10

0.5; 2.5; 10

0.5; 2.5; 10

0.1; 0.5; 2.5

0.5; 2.5; 10

0.5; 2.5; 10 no effects

NOAEC: 10 mg/m3 (?)



DNEL/PEC
Classification & Labelling

PBT, vPvB, CMR
Chain of Actors

Lifecycle

Exposure Scenarios 
Generate new information

Concern-driven Testing Strategies

Identify information gaps 
consider if information is adequate to 

All Available Information 
- Physico-chemical data
- Experimental toxicity data
- In silico toxicity data
- Group/Family toxicity data
- Exposure characteristics 

Data Gathering
Information 

Requirements

Standard Requirements

Targeted Requirements

Risk / Safety Assessment Exposure Assessment

Information Platform
MN, Gathered information, Study Results, Methods

Exposure and Life cycle
Risk and Safety

hub

Representative Nanomaterials
characterised, stable, homogenous



What is it?

NAPIRAhub is a comprehensive IT platform 

dedicated to the management of information on 

nanomaterials, relevant for safety/risk 

assessment. 



• Built on proven technology (IUCLID 5).

• Stores information/data structured in accordance with 
OECD and ISO guidelines and harmonised templates.

• Facilitates exchange and merging of datasets.

• Tracks changes to ensure traceability and reliability.

• Extensive search capabilities.

• Supplied free-of-charge by JRC, with support.

Features



WWW.NAPIRA.EU

name: demo
password: demo

Have a go!

Demo site/server at JRC

(no need to install full tool, just web access)



conclusions

1. Strong need for integrated approach
2. Address concerns scientifically
3. Need for Implementation Instruments 

Information Management: NAPIRAhub 
Systems Toxicology, HTS and Method Assessment
NanoMaterials: Repository for testing



supported by
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