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Mapping the distribution of trace elements at the subcellular scale is analytically challenging but 

necessary to understand the mechanisms of uptake of toxic and beneficial elements into plants and crops 

which can affect the human diet [1]. With subcellular localisation of the trace elements, it is possible to 

infer the pathways by which these important elements are taken up by the plant and how they are stored 

and accumulated in edible tissues. 

 

The NanoSIMS is capable of high spatial resolution chemical imaging (down to 50 nm) and detecting 

very low elemental concentrations, making it ideally suited for subcellular trace element localisation in 

biological materials. It uses either an oxygen or caesium ion beam to generate secondary ions from the 

sample surface which are collected and analysed in a magnetic mass spectrometer. A wide range of 

elements in the periodic table can be detected, from hydrogen to uranium, allowing correlation of the 

trace elements of interest with other elements which can indicate storage and uptake mechanisms. 

Furthermore, as this is a mass spectrometry technique, it is possible to detect and image stable isotopes 

allowing for the possibility of pulse-chase experiments which can provide temporal information about 

uptake and mobilisation [1]. 

 

The analysis of biological samples with the NanoSIMS, which operates under ultra-high vacuum, is 

complicated by the need to preserve not only the in vivo structure of the cellular components but also the 

elemental distribution. Plant samples therefore require specialist preparation including high-pressure 

freezing, resin embedding and microtomy to create a sample that is flat and high-vacuum compatible, 

while preserving the water-based cell contents. Sample preparation routes will be discussed. 

 

This presentation will show how the NanoSIMS has been used to localize a range of important trace 

elements in many different plant tissues including uptake of trace levels of iron into wheat grain using 
57

Fe stable isotope labelling (Figure 1) [2] and the localisation of uranium in plant roots colonised with 

arbuscular mycorrhizal fungi. This presentation will also show how the NanoSIMS has been used to 

map nanoparticle distributions in plant roots. 

 

Throughout this presentation, complementary and correlative imaging will be emphasised to show how 

it has been used to gain a deeper understanding of the samples than could be obtained from one 

technique alone [3]. 
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Figure 1. NanoSIMS images from a wheat grain showing iron-rich vesicles in the endosperm (white 

flour) region of the grain labelled with 
57

Fe after a 72-hour feeding period. Correlative Perls’-diamine 

benzidine (DAB) is shown on the right indicating iron rich regions (dark) [2]. 
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