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Radiolabeling as a tool to study uptake pathways in plants 
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The identification of major uptake pathways in plants 
is an important factor when evaluation the fate of 
manufactured nanoparticles in the environment and 
the associated risks. Using different radiolabeling 
techniques we were able to show a predominantly par-
ticulate uptake for CeO2 nanoparticles (NPs) in con-
trast to a possible uptake in the form of ionic cerium.  

EXPERIMENTAL. For radiolabeling CeO2 NPs were irra-
diated with 17.6 MeV protons at the in-house cyclotron to 
form [139Ce]CeO2 NPs via a (p,2n) nuclear reaction from 
140Ce to 139Pr with consequent decay of the 139Pr to 139Ce. In 
a different approach, CeO2 NP were radiolabeled to also 
form [139Ce]CeO2 by in-diffusion of ionic 139Ce3 + at a tem-
perature of 300 °C. 
For the plant uptake studies, ryegrass and sunflowers were 
exposed to [139Ce]CeO2 NPs in a hydroponic setup using tap 
water with 5 mg/L fulvic acid added for 24 – 96 h under 
shaking. After exposure, the plants were harvested and the 
activity measured. 
 
RESULTS. Using our methods, we were able to isotopical-
ly radiolabel CeO2 NPs with 139Ce at activity concentration 
of about 1 MBq/mg allowing a detection of the NPs in the 
ng/L range (Tab. 1). The particle size distribution and zeta-
potential was retained for both methods and the radiolabel 
proved to be stable in an environmentally relevant pH range. 
However, at lower pH the differently labeled particles 
showed a distinctly different activity release kinetic, the in-
diffusion-labeled NPs releasing a 70 times higher activity 
than the activated particles indicating a surface labeling in 
case of the in-diffusion labeled particles. 

This allowed us to use the so-labeled particles to track the 
role of dissolution phenomena in plant uptake of cerium 
stemming from manufactured CeO2 NPs. If dissolution 
plays a major role in uptake or translocation, different activ-
ity uptake rates will be observed when comparing experi-
ments with either one of the labeled particles. 
However, using ryegrass we did not detect significant dif-
ferences in uptake into the roots nor translocation into the 
shoots (Fig. 1 & 2) proving a predominantly particulate 
transfer pathway. Furthermore, autoradiographic imaging of 
leafs of an exposed sunflower showed accumulation of the 
CeO2 NPs in the leaf veins and edges (Fig. 3) indicating a 
particulate uptake and consequent translocation along the 
water stream inside the plant.[1] 
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Tab. 1: Radiolabeling yields and detection limits for the different  
methods. 

Method 
Activity  

concentration 
Detection 

limit* 

In-diffusion 0.925 MBq/mg 52 ng/L 
Activation 1.242 MBq/mg 41 ng/L 

*: Wallac 1480 WIZARD 3” gamma counter. 

Fig. 2: Translocation of CeO2 into shoots of ryegrass in dependence of 
exposure concentration and radiolabelling method.  

Fig. 1: Uptake of CeO2 in roots of ryegrass in dependence of exposure 
concentration and radiolabelling method.  

Fig. 3: Autoradiographic imaging of [139Ce]CeO2 accumulation in sun-
flower leaf veins and edges. 


