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Introduction

Methodology

Carbon nanotubes (CNT) are considered one of the most promising materials
in nanotechnology. However, their expected widespread use requires
assessment of potential risks to the environment.

14C-CNT

This study deals with the bioavailability of CNT for organisms of different
trophic levels. Therefore, radiolabelled CNT (14C-CNT) were synthesized. This
enables quantification of biological uptake and evaluation of the fate of the
nanomaterial at concentrations that cannot be detected by other methods.

synthesis:

Chemical Vapour Deposition - 14C-benzene
=> carbon framework 14C-labelled
Removal of catalyst:

product washed in 12.5% HCl

Specific radioactivity:

1.3 MBq/mg 14C-CNT

SEM-Analysis:

multi-walled CNT similar
to commercially available CNT

SEM
Test preparation:

500 µg 14C-CNT added to 500 mL test medium
=> test concentration of 1 mg 14C-CNT/L
Ultrasonication with a microtip 2 x 5’
(0.2 sec pulse – 0.8 sec pause)
=> agglomerates and single tubes (both referred to as CNT)
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Water flea (Daphnia magna)
- exposure of 1 daphnid in 20 mL (n=7)
- comparison of uptake in presence and absence of dissolved organic carbon
(DOC; Aldrich Humic Acid; 8 mg/L)
- tissue solubilizing prior to LSC
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Daphnids:
• No difference in internal
CNT concentrations over time
or due to the presence of DOC

Blackworm (Lumbriculus variegatus)
- exposure of 10 worms in 50 mL (n=4) & glass pearls as sediment surrogate
- homogenized in MeOH prior to LSC

• Daphnids exposed in presence of DOC
remained mobile and uncovered

CNT in daphnids (µg/mg dw)
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• Daphnids exposed in absence of DOC
were alive, but lying immobile and
upside down at the bottom of the test
vessel, covered with CNT agglomerates

Algae (Desmodesmus subspicatus)
- exposure of 4 x 106 cells/mL in 100 mL (n = 4)
- separation of algae and 14C-CNT by means of density gradient centrifugation
- gathering of algae on a filter prior to liquid scintillation counting (LSC)

Without DOC
8 mg DOC/L
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Zebrafish (Danio rerio)
- exposure of 1 fish in 500 mL (n = 5)
- comparison of uptake via water (+8 mg DOC/L) and diet (5 exposed worms)
- dissection of gut, gills and brain => tissue solubilizing prior to LSC
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Fish:

• Less scatter in data of the DOC-test

• CNT detected in both gut and gills
of water exposed fish (WE)

Worms:

• CNT only detected in the gut of
dietary exposed fish (DE)

• Observation of uptake and elimination of the nanomaterial

• No distribution of the material
towards the fish brain

• CNT observed in gut epithelial cells by means of TEM
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Clearance of gut
Observation of CNT
laces in the water phase

Conclusions
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• CNT observed
in algae cells
by means of TEM
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• uptake of
14C-CNT over time
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Algae:
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DIETARY EXPOSURE

• Increase of CNT concentration over
time in the gut and gills of WE fish
• CNT elimination over time by DE fish
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Dispersed CNT material is bioavailable for all tested organisms at a
concentration of 1 mg/L, i.e. >> than expected in the environment.

In presence of DOC, agglomerates are smaller and built slower,
but CNT uptake by daphnids was equal to exposure without DOC.

Daphnids show the highest bioaccumulation with internal concentrations
of 20 µg 14C-CNT/mg dw, i.e. > algae > worms >> fish

Zebrafish and blackworms are able to eliminate CNT agglomerates,
whereas daphnids seem unable to remove incorporated material.

Nanosized particles were detected in both algae & gut epithelium of the
blackworm by TEM analysis (will be performed for daphnid & fish gut).

The largest fraction of CNT taken up by both WE and DE exposed fish
were found in the gut - no distribution of CNT to other organs.
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