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Results Bioconcentration & Elimination

• Algae cells can be separated from MWCNT agglomerates by density gradient
centrifugation 

• Uptake & association of 14C-MWCNT by/to D. subspicatus over time (Fig. 3)

• Elimination of 14C-MWCNT from D. subspicatus cells over time (Fig. 4)

• TEM pictures show that MWCNT are taken up by the algae cells and can be  
found on the outer cell wall and the inner membrane (Fig. 5)
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Fig. 3 : Uptake of 14C-MWCNT by D. subspicatus over 
time, uptake rate constant: 0,04 mL/mg*h; whiskers: 
standard derivation, dw: algae dry weight
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Multiwalled carbon nanotubes (MWCNT) consist of graphite in 
tubular shape and have an inner diameter of about 4 nm an 
outer diameter of about 5 – 20 nm (dependig of the number of 
walls) and a length up to several µm. For aquatic biotesting of 
MWCNT their hydrophobic properties pose a challenge. To 
obtain a MWCNT dispersion in water and to break the 
agglomerates ultrasonication shows the best results (Fig. 1 & 
2). 
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IntroductionIntroduction

Fig. 2: TEM picture of  
MWCNT after sonication

Fig. 1:  SEM picture of  
MWCNT agglomerat

200 µm

Results Bioaccumulation

• Uptake of radioactivity from spiked algae cells by daphnids after 24 h
of  exposure (Fig. 6 & 7)

• Elimination of radioactivity from the daphnids to the water phase within 24 h 
after 24 h with fresh algae cells as a food source (up to 90 %) (Fig. 6)
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Fig. 4: Elimination of 14C-MWCNT from algae cells over 
time, elimination rate constant: 0,02 1/h; whiskers: 
standard derivation, dw: algae dry weight
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Fig. 5: TEM pictures of MWCNT associated to algae cells, found on the outer cell  wall (left) , on the inner cell 
membrane (middle) and free in the cell (right) after 48 h of exposure

Fig. 6: Distribution of 14C-MWCNT [%] between the 
algae & the water phase after 24 h uptake from 
spiked algae (left) and another 24 h of elimination 
(right) in the presence of fresh algae food; whiskers: 
standard derivation; dw: daphnia dry weight 

- Algae test conditions and medium according to OECD 201 (2006)
- Daphnia medium (M4, Elend) according to OECD 202 (2004)

In our tests, we used MWCNT synthesised by 
chemical vapour  deposition of  14C-labelled benzene. 
The testorganism was the green alga Desmodesmus 
subspicatus and the planctonic crustacean Daphnia 
magna (algae primary consumer). Transmission 
electron microscopy (TEM) and scanning electron 
microscopy (SEM) were used to visualise MWCNt in 
organisms and for characterisation.
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Fig. 7: 14C-MWCNT (µg MWCNT/ mg dw 
daphnia) concentration in daphnids after 24 h 
uptake from spiked algae (left) and another 24 h 
of elimination (right) in the presence of fresh 
algae food; whiskers: standard derivation; dw: 
daphnia dry weight 

y = 1,90(1-e-0,02x)

24 h elimination


