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Routes to the Environment



Particle Transformations
Nanomaterials are designed for 
a specific purpose though 
manipulation of the 
physicochemical properties

These particle properties are 
highly susceptible to change 
throughout the “life” of the 
nanomaterial

Examples of particle 
transformations :

Shielding ROS production in 
TIO2 sunscreens via Al/Si 
coatings

Coating of nanomaterial by 
organic components in 
wastewater

Coating of nanomaterial by 
natural organic matter in 
aqueous systems Nowack et al. 2012



Particle Behavior
A function of:

The intrinsic and adopted particle 
characteristics

Size

Shape/Aspect ratio

Surface charge/chemistry

Surface area

Water Chemistry/Water Quality

pH

Organic matter content

Ionic strength

Redox environment

Temperature

Abiotic Processes

Seasonal Mixing

Chemical Complexation/ 
Oxidation-Reduction Rxn

UV-Light --> photo-activation

Diegoli et al. 2008



Bioavailability
Bioavailability a function of the partitioning between environmental compartments

Interactions with the biota can impact partitioning

excretion of nanomaterials in solid waste introduces suspended nanomaterials to benthic 
organisms

Disturbance of settled nanomaterials in sediments may reintroduce them to pelagic organisms

Adopted and intrinsic particle characteristics important to partitioning  

Burns et al. 2013



Accumulation
Bioconcentration of nanomaterials varies based on particle 
characteristics and organism physiology (Wray and Glenn 
work from yesterday)

Dietborne accumulation is an important route for certain 
species

Trophic transfer does occur

Biomagnification rare (Werlin et al. 2010, Judy et al. 2011)



Accumulation
Zhu et al. 2010 – particle surface 
charge/chemistry affects uptake 
(a) and elimination (b)



Distribution
Internal distribution can be a 
function of particle 
characteristics

Scown et al. 2010 - Rainbow 
trout accumulation in the gills 
and liver is size dependent

Scown et al. 2010



Distribution
Zhu et al. 2010– particle distribution based on 
surface charge



Ecotoxicology of 
Nanomaterials

It should come as no surprise that lethal and sub-
lethal toxicity is dependent on particle 
characteristics, water chemistry, and organism 
physiology 

Toxicity varies based on preparation methods 
(dispersants, excess ligand concentration, etc.)

In many cases the nanomateiral LC50 is far in excess 
of the predicted or measured environmental 
concentration (Gottschalk et al. 2009)

Exceptions – AgNPs, ZnO, and TiO2



Toxic Mechanisms
Ion release

Certain nanomaterials (Ag, Zn, Cu) are highly susceptible to oxidation and dissolution in aqueous 
media

The smaller the nanomaterial the greater the dissolution rate

Identifying the cause of toxicity for nanomaterials that readily dissolve has proven difficult

Studies have shown nanospecific toxicity that differs in response and degree from known ion 
toxicity (Shaw et al. 2012, Chae et al. 2009) 

Other studies using similar particles have linked toxicity strictly to ionic release (Kim et al. 
2012)

Generation of reactive oxygen species

Common for metallic and metal oxide nanomaterials

Leads to oxidative stress, depletion of glutathione, lipid peroxidation, cell damage and death

Energetics

Nanomaterials can coat and clog the intestinal tract of an organisms inhibiting absorption of 
nutrients and requiring more energy to excrete (Zhu et al. 2011)

Important in filter feeding species such as Daphnia

Carbon nanotubes = asbestos?

Trojan horse

Nanomaterials may increase bioavailability of other contaminants 



Surface 
Chemistry

Uncoated versus polysaccharide 
coated Ag NP

Uncoated tended to 
agglomerate more

Uptake was studied in  2 cell 
lines

Both were taken up

Uncoated were agglomerated 
and stayed in cytoplasm

Coated were evenly 
distributed throughout cell

Coated seemed to cause more 
toxicity

DNA damage

Up regulation of proteins

Apoptosis 

Ahmed et al 2008



Surface 
Charge

• Goodman et al. 2004 – MTT 
assay for cell viability 
reveals cationic surface 
charge to be more toxic



Surface 
Charge

Badawy et al. 2011

• Badawy et al. 2011 – toxicity as 
measured by oxygen consumption 
and percent live bacteria reveal 
differences based on surface 
charge

• Cationic nanomaterial (BPEI) is 
the most toxic, anionic 
nanomaterial (Citrate) least toxic

• Repulsion between anionic 
particles and cellular surface is 
likely cause of reduced toxicity



Surface Charge/Chemistry

Alkilany et al. 2009



Size

Gaiser et al. 2011



Size

Gaiser et al. 2011

D. magna neonate size after 
96 hr test

Cumulative molting of D. magna during 96 hr
test



Size

Au and Ag Nanoparticles

3 sizes (s 2-4 nm; m, 5-7 nm; L, 20-40 nm)

Treated macrophages

Characterized nanoparticles

Cytotoxicity

Yen et al 2009



Size

Smaller sizes reduced number of cells



Size Round Shape

Spread Shape



Size





Size

Karisson et al 2009



Size



0

20

40

60

80

100

0.001 0.01 0.1 1 10 100 1000 104 105

C
el

l V
ia

bi
lit

y 
(%

 D
ea

d)

TiO
2
 Concentration (µg/mL)

0

20

40

60

80

100

0.001 0.01 0.1 1 10 100 1000 104 105

C
el

l V
ia

bi
lit

y 
(%

 D
ea

d)

TiO
2
 Concentration (µg/mL)

Anatase/RutileAnatase/Rutile

Structure (shape)-related hazard: Crystallinity
In vitro studies - Human Dermal Fibroblasts
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Shape

FE-SEM images of Ni NPs with 
an average particle diameter of 
30 nm (A), 60 nm (B), 100 nm 
(C), and dendritic structures 
with aggregated 60 nm entities 
(D).

Toxicity of Ni nanoparticles and soluble Ni on zebrafish embryos in mg/L. 
LD10= 10% lethal concentration and LD50= median lethal concentration. 
Values in parentheses are 95% confidence intervals.

Ispas et al. 2009



Shape

Cell viability as a function of aspect ration 
for CTAB coated nanorods (dark squares ) 
and PAA coated nanorods (white circles)

• Alkilany et al. 2009 -
Change in aspect 
ratio for gold NPs 
does not significantly 
affect toxicity


