Institute for Environmental Research

Characterising the environmental behaviour
and ecotoxicological potential
of carbon nanotubes

Helga E.C. von Lochow, S. Rhiem, F. Stibany, H.M. Maes, A. Weth,
W. Baumgartner, H.T. Ratte, A. Schaffer

-



OV e rVi eW Institute for Environmental Research

* |Introduction

 Material & Methods

- CNT
- Dispersion, DOC as dispersant
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Crossover technologies
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* Duration 4 years
(2008 — 2012)

* Framework for combining
basic research with specific
application requirements and
market needs ﬁ‘ o education
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Crossover technologies

CarboScale: Manufacturing

CarboFunk: Functionalization

phase Liquid phase
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CarboDis: Dispersion

Plastic Rubber Solvents

ol

Energy & Environment Mobility

ﬂllhﬂ"h‘l:ﬂ i ¥ ) CarboAlr
CarbaFuel i W CarboCar
CarboPower ! CarboSpace
CarboMembran 3 CarbaRoad
Carbalnk

Applications

f19jes “UaWUoAUD ‘Y)|eaH ajesoqie)

nnnnnnnnnnnnnnn



CNT <
_ C arb on N an OtU b elnstitute for Environmental Research

 CNT are promising materials with a wide range of
applications (e.g. electrical engineering, materials, waste
water treatment)

Need to address potential risks of CNT
In a responsible manner and early on
* Challenges:

Results in the literature do not give a consistent picture

Lack of characterisation and description of sample preparation
Difficulties in assessing the dose

No standard treatment (e.g. making dispersions, application to the
testsystem...)

CARBON NANOTUBES
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* Baytubes®C 150 P
facility upscaling is ongoing

e Multiwalled Carbon Nanotubes
(MWCNT) with 3 to 15 walls

« Consist of agglomerates
(median size = 500 pum)
* >95% purity
(<5% Iinorganic impurity)
* 4 nm inner diameter 80 nm
e 5-20 nm outer diameter
* 0.2 -1 um mean tube length (dispersed in water and glycol)
« Highly hydrophobic

CARBON NANOTUBES
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« Standard tests have already been conducted

» Dispersed CNT aggregate fast in agueous
systems

for testing of single tubes a dispersant without
effect on the test organism is needed

 Hyung et al. (2007, 2008) stated that natural
organic matter adsorbes to CNT and stabilise
them in aqueous dispersions

« DOC occurs naturally in water in a wide
concentration range



CNT-Dispersions ®
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* CNT stock dispersions

2 ug — 20 mg / 20 mL Millipore (algae) or
PMA (1-methoxy-2-acetoxy propane, worm)

Ultra sonication with a Microtip in an ice bath
(3 x 10 min, 0.2 sec pulse + 0.8 sec pause)

 DOC (Dissolved Organic Carbon)

Alkaline extract of ground peat
Filtered @ 0.45 pm
Stabilised at pH 7.0 £ 0.2

TOC analysis
& nominal concentrations
3 and 6 mg DOC/L 3mgDOC/L  6mgDOC/L 130 mg DOCIL

original peat extract
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Biotests
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 Desmodesmus subspicatus
freshwater green algae

72 h, OECD 201 (2006)
CNT: 0.001, 0.01, 0.1, 1, 10 mg/L
Nominal 3 and 6 mg DOC/L

Cell counting
by Utermdhl counting chambers

 Lumbriculus variegatus
endobenthic freshwater worm

Acute (96 h):

OECD 225 (2007)

& Nikkila et al. (2003)

including glass beads (G 1-2 mm)
as sediment surrogate

CNT: 0.001, 0.01, 0.1, 1, 10 mg/L
PMA: 0.01% and 0.1%

Img/L  10mg/L 100mg/L

CNT concentrations
in 3 mg DOC/L

Lumbriculus variegatus in culture



Algae test
with CNT & DOC
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% Inhibition of Growth Rate

" 3mg DOC/L EC20 =0,4 mg/L

100 EC50= 358 mg/L (p < 0,05)
. 6 mg DOC/L EC20 = 2,3 mg/L
80 - EC50= 20,8 mg/L (marginal p > 0,05)
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CNT [mg/L]

% Inhibition of growth rate of D. subspicatus after 72h with CNT
and " 3 and ¢ 6 mg DOC/L from peat, 95% Confidence Intervall

Test samples
in Utermohl counting chambers,
stained with Lugol solution

CNT cause dose
dependent inhibition of
algae growth rate when
DOC is present

DOC has no significant
Influence on algae growth
rate inhibition

Significant differences of
growth inhibition with
different DOC
concentrations

Replicates of treatments
scatter widely
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Algae test
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DOC over time

L, > Mg DOCL - DOC content is not time
12 dependent
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g8 - DOC content decreases
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algae cells are trapped in CNT-agglomerates
shading of algae?

Uptake of CNT in cells

4

100 mg CNTIL, .
3 mg DOCIL, Desmodesmus subspicatus

) ) : 72hin 10 mg CNT/L
stained with Lugol solution Agglomerate of CNT and algae, ,
) inverted microscope, 40x TEM 25.000 fold
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Lumbriculus
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No acute toxicity of used PMA or CNT concentrations
Uptake of CNT in gut and excretion of black laces
Uptake of CNT In cells

/7 4 7
/
Lumbriculus variegatus / / g00.0m

: : 9_6h in 10 mg CNTIL, Lumbriculus variegatus
Lumbriculus variegatus, binocular, 20 fold 96h, 10 mg CNTI/L

cpntrol, TEM 25.000 fold
binocular, 10 fold

7“4
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* Problems with scattering of replicates because of
iInsufficient dispersion of CNT

« Agglomerates of CNT — DOC - algae
« Uptake of CNT In cells of algae and worms

 CNT cause dose dependent inhibition of growth
rate in D. subspicatus

» Different DOC concentrations lead to different
EC., for inhibition of growth rate in D. subspicatus
- 0mg DOC/L  EC., =134 mg/L (OECD 201)
- 3mg DOC/L  EC,, =358 mg/L
- 6mgDOC/L  EC., = 20,8 mg/L
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To be continued...

* Further test items
- Baytubes® C 150 HP (>99% purity)
- Functionalised CNT

* Further tests with different trophic levels (daphnia,
fish) and endpoints (ROS, genotoxicity)

» Fate and bioaccumulation studies with 14C-CNT
(labeled tubes) in aquatic organisms and systems

* Are standard tests sufficient for nanomaterials?
Are specific adaptions and/or extensions needed?
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. ... for testing
B. Daniels

e ... for funding
BMBF: Inno.CNT (www.Inno-cnt.de)

e ... fOr uppmarksamheten!
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