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Radiolabeling as a versatile tool in nanosafety
research – Accurate quantification in complex 
media

Application: (Nano-)Particle Tracing

Interaction with soil bacteria:
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Release of  [48V]TiO2 NPs from UV-degraded 
surface coatings

Release from solids: Transport in liquids:

ζ-Potential [mV]

NP - 41.8 - 12.3 + 41.3 

Matrix - 50.3 - 12.6 - 35.0 

Transport of  [48V]TiO2 NPs

Visualization and quantification 
of complex processes in 
complex systems with very low 
detection limits
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Radiolabeling methods
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Radiosynthesis Radiochemistry Recoil-labeling Activation In-diffusion

e.g.: [110mAg]Ag NPs e.g.: [125I]CNTs e.g.: [7Be]MWCNTs e.g.: [48V]TiO2 NPs e.g.: [139Ce]CeO2 NPs

stable nuclide radioactive nuclide
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Method Particle Halflife Activity Detection limit
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In-diffusion
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Conclusion

Cyclotron techniques

Motivation
Many studies in the field of nanosafety research „do not offer any kind of clear statement on the safety of nanomaterials“[1], as
methodological problems considerably hinder the reliable detection of nanoparticles (NPs)[2] at the predicted low
environmentally relevant concentrations[3].
The radiolabeling of nanoparticles has the potential for detecting nanoparticles at minimal concentrations in complex matrices,
even against a same-element background, with unprecedented experimental ease, making it a versatile tool for NP release,
transport, and uptake studies.
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COSTIS target station

Established nuclide 
production routines:
11C, 18F, 45Ti, 64Cu, 
135La, 89Zr, 48V, 51Cr, 
85Sr, 56/58Co, 86/88Y, 
139Ce 

Target capsules for NP irradiation
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Uptake by plants:[9]

start

10 days

experiment 
setup

no degradation 
visible with SEM NP release detectable by radiolabeling

localization of NP release
retention rates of 100 ng TiO2 on 
7x1 cm glass bead (200 µm) column

deposition pattern of TiO2
along the column

Particulate uptake of  [139Ce]CeO2 by sunflower

target window 
sets proton 
energy

start 10 days

NP irradiation

Radionuclide 
production

Cyclotron 
IBA Cyclone 18/9

[48V]TiO2
[139Ce]CeO2
[194Au]Pt
[7Be]NP

[139Ce]CeO2 NPs accumulate 
in leaf veins and edges

aq. [139Ce]CeCl3 shows 
equal distribution
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Fate in waste water treatment:
Dissolution of  [75Se]CdSe/[65Zn]ZnS NPs
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Dissolution of  [141/139Ce]CeO2

development of Zn/Se ratio in effluents
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dissolution of CeO2 at pH 3
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