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Daphnia is a freshwater crustacean (0.2-5 mm height) used for investigating the toxic effects of 
toxins (e.g. metals) on an ecosystem. Synchrotron radiation based micro X-ray fluorescence (SR 
micro-XRF) allows the investigation of the trace level metal distribution within these organisms in 
an essentially non-destructive manner. Several two-dimensional (2D), computed tomography (CT) 
and confocal micro-XRF experiments under conventional and cryogenic environments have been 
performed on Daphnia magna previously [1-4]. However, due to its larger size (3 mm height) full 
three-dimensional (3D) imaging of the metal distributions is not practically feasible. In this 
contribution, we therefore report on the full 3D elemental imaging on Ceriodaphnia which is a 
smaller variant (1 mm height) by means of 3D confocal micro-XRF. 

Figure 1: Experimental setup.    Figure 2: Minimum detection limit. 

A W/Ni multilayer monochromator delivered high intensity monochromatic excitation (15 keV) with 
moderate energy resolution. A polycapillary optic (XOS) was used to focus the monochromatic radiation 
(30% transmission, 15 µm focus size at 17 keV, 3000 x gain, 4.8 mm working distance). A second 
polycapillary optic at the detector side was aligned in a confocal geometry as shown in Fig. 1. A depth scan 
through a thin Au foil delivered an acceptance for the confocal volume of approximately 18 µm FWHM at 
Au-L fluorescence energy. A point measurement in confocal mode was performed just below the surface of 
a pressed pellet of NIST SRM1577B (Bovine liver) resulting in relative detection limits at the ppm level for 
the most sensitive elements (LT=1s) as shown in Fig. 2. 

Due to the tight geometry of the confocal set-up, analysis under cryogenic conditions was not feasible. 
Therefore, an adult Ceriodaphnia (1 mm height) from control culture was rinsed in deionised water, taken 
through a water/aceton series for dehydration and fixed in hexamethyldisilazane (HMDS) and dried 
overnight in a dessicator. The Ceriodaphnia sample was then glued to a glass fibre and subsequently 
characterised by means of a laboratory absorption micro-CT instrument, providing the tissue structure below 
the µm level as shown in Fig. 3. For the confocal micro-XRF analysis, a dynamic scanning routine was used 
to analyse 29 dorsoventral planes through the Ceriodaphnia (30 µm distance). A single plane consisted of 35 
by 34 pixels with 20 µm step size and a measuring time of 2s per point, resulting in a total analysis time of 
approximately 24 hours. The 34510 XRF point spectra were fitted with the AXIL software and processed 
with the IDL XVOLUME routine to generate Mn, Fe and Zn elemental isosurfaces and the Compton 
scattering isosurface as shown in Fig. 4. The coinciding presence of different elements is visualised by 
means of combing the elemental isosurfaces in RGB mode as shown in Fig. 5. 



Figure 3: Micro-CT Side view (surface/inside) and Front view (surface/inside) of Ceriodaphnia. 

Figure 4: Mn, Fe and Zn elemental isosurfaces and Compton scattering isosurface of Ceriodaphnia. 

Figure 5: R/G/B combined elemental isosurfaces of Compton/Br/Mn (image 1), Ca/Br/Fe (image 2), 
Ca/Mn/Zn (image3) and combination of the latter with absorption micro-CT dataset (image 4). 

 

The isosurface based upon the Mn elemental distribution could clearly isolate the region of hepatopancreas, 
gut and eggs, whereas that of Fe and Zn also included the osmoregulatory tissue. The isosurface generated 
from the Compton scattering clearly isolated all inner tissues and the glass support capillary. From these 
results can be concluded that synchrotron radiation based confocal micro-XRF is ideally suited for 
visualising the three-dimensional trace level elemental distributions within these millimetre sized model 
organisms and that the results can be fully merged with absorption micro-CT datasets for more thorough 
interpretation. 
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