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ENPs

Engineered nanoparticles (ENPs) are man- :
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made particles having diameters from 1- - 4=

100nm with unigue properties compared to

their bulk counterparts => applications in >
1300 consumer products
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Release Into the environment
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ENP uses and routes of human exposure

Auto Traffic

Palladium and Platinum NPs (catalytic converter)
Battery waste (electric cars)
+ Fine carbon particles (exhaust, tire wear)
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ENP synthesis — liquid phase
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ENP synthesis — gas phase
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Spark ablation schematic layout

SDG: spark discharge Outflow

generator BL

5DG

TO: tube oven
3WV: three-way valve

BL: bubbler

NT: aerosol neutralizer

DMA.: differential mobility
analyzer

CPC: condensation particle
counter




ENP shape and size

Oven Temp. 990 ° C
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Toxicity of ENPs to aquatic organisms

The aquatic environment is at risk of exposure to ENPs as it is a sink for
most environmental contaminants

Industrial waste and urban water sewage end up in aquatic systems (lakes,
rivers, etc)

More potential routes of uptake by aquatic organisms than terrestrial
(ingestion, gill entry, cellular uptake, skin uptake)

Nanotoxicity still at infant stage
Large knowledge gaps for most aquatic organisms

Total silver ion concentrations in aquatic environments around the world
have been reported at levels ranging between 0.1 and 120 ug/L
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Aims of the study

¢ Determine if high purity AQNPs and AuUNPs
produced by spark ablation having a diameter of
20-80 nm are toxic to the aquatic organism L.
Minor

* Examine if purity affects the toxic behaviour of
AgNPs to L. minor and compare our results with
previous studies on AgNPs
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Lemna minor

Aquatic duckweed

Rapidly growing

Simplest and smallest floating plant on Earth
Food for many aquatic fish and birds

Model system in ecotoxicology and toxicity
testing (OECD and US EPA protocols)
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Silver NPs

Antimicrobial properties

Used in textiles, footwear, paints,
wound dressings, cosmetics,
medical plastics, conductive inks &
biosensors

Toxicity is mainly due to ionic form
Ag+

AgNPs have been previously shown

to be toxic to L. minor (Gubbins et al. 2011,

Uclincu et al. 2014)

—
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Gold NPs

Optical and electronic properties

Used in organic photovoltaics,
sensory probes, therapeutic
agents, drug delivery, electronic
conductors and catalysis

No literature on AUNP exposure of
L. minor. A recent study reported
toxicity on the aquatic plant
Ceratophyllum demersum
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Experimental setup x
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Results — frond numbers
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Normalized Frond Number Reduction
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Results — frond number reduction
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Our study: AgNPs 20 - 80 nm (spark
ablation)

AgNPs1 7-30 nm, AgNP2 40-110 nm,
lonic solution (liquid phase technique,
Gubbins et al. 2011)

AgNPs 5-20 nm (laser ablation,
Uclincu et al. 2014)
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Results — inhibition of growth rate
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where:

- %1, percent inhibition in average specific growth rate

- pc : mean value for p in the control

- pr :mean value for p in the treatment group
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Conclusions

AgNPs were toxic to L.minor even at the lowest tested concentration (5 pg/L)
Frond number inhibition for AQNPs increased with increasing concentration

In comparison to previous studies, our AgNP results are in agreement with
the ionic silver solution and not the AgNP results of Gubbins et al. (2011),
possibly due to higher impurities and capping agents

Nanoparticle purity can affect a toxicity experiment result

At lower concentrations (5 and 10 pg/L) AuNPs had a positive effect on frond
number => hormesis?

Not toxic to L.minor at concentrations of 20-40 ug/L

< Toxicity of engineered nanoparticles in aquatic organisms - DTSC 2015
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Future work

Since ENPs produced by gas-phase methods are of the highest possible
purity, it is recommended that these techniques are used to study
nanoparticles toxicity

Standardized protocols and study design for toxicity studies
More research into the effects of NPs aquatic organisms is needed to
provide a broader picture of the toxicity of these particles to different types of

organisms

Examine the effects of different capping agents on toxicity, as coatings are
an important factor in the toxicity of Ag particles (due to silver ion release)

Toxicity of engineered nanoparticles in aquatic organisms - DTSC 2015
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Thank you for your attention
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