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Nanomaterial Products

• Most nanomaterials in commerce today contain nanoparticles with:

o An inorganic “core” (Ag, Au, TiO2, ZnO, Si).

o An organic “shell” or coating to keep them suspended 

• “New” nanomaterials are currently under development for various commercial applications

• Potential for release into the environment varies with the nanomaterial and the commercial product.
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Fate and Transformations of Metal 
Based Nanoparticles

in the Aquatic Environment

Fate depends on physicochemical conditions, 
including ionic strength, DOM, redox, pH, etc.

•Homo-agglomeration
(AgNP-AgNP)
•Hetero-agglomeration
(AgNP-POM)

Sediment

Major inorganic
ligands:
• Sulfide
• Chloride
• Carbonate
Major organic 
ligand:
• Dissolved 

organic 
matter

Figure adapted from illustration on website y K. Wilkinson 



Mesocosm Experiment with Nanosilver
Experimental Lakes Area: May to August 2012

• 12 mesocosms: 2 m diameter and 
2 m depth; ~4,000 L; open to 
sediments

• NanoComposix AgNPs: 50 nm 
mean diameter, PVP or citrate 
capped; suspension in deionized 
water (1 g/L)

• “Drip” additions every second 
day for 60 days; Nominal 
concentrations of 4, 16 and 80 
ppb

• “Plug” additions at beginning of 
experiment and monitoring for 
45 days; Nominal concentrations 
of 60 ppb

 Conducted in Lake 239 

pH 6-6.7; alkalinity <90 mg/L; DOC 9-10 mg/L



AgNP in Plug Mesocosms
AF4-ICP-MS fractograms

spICP-MS particle size 
distributions 

Concentrations of different forms of silver derived 
from various analytical methods:

• ICP-MS
• Single particle ICP-MS
• Asymmetric flow field flow fractionation & ICP-MS

Low concentrations of 
dissolved silver

Furtado LM, ME Hoque, DF Mitrano, JF Ranville, B Cheever, PC Frost, MA Xenopoulos, H Hintelmann, CD Metcalfe. 2014. The persistence and 

transformation of silver nanoparticles in littoral lake mesocosms monitored using various analytical techniques, Environ. Chem. 11:419-430. 



How Do Nanoparticles Cause Toxicity?

• Is it the free metal 

ion that is toxic?

• Is it the nanoparticle 

itself that is toxic?

• Is it the “Trojan 

horse” affect that 

causes toxicity?



How Do Nanoparticles Cause Toxicity?



Environmental Toxicology and Chemistry, Vol. 33,

No. 12, pp. 2733–2739, 2014

ARE NANOSIZED OR DISSOLVED METALS

MORE TOXIC IN THE ENVIRONMENT?

A META-ANALYSIS

DOMINIC A. NOTTER, DENISE M. MITRANO, and

BERND NOWACK

Technology & Society Laboratory, Empa-Swiss Federal Laboratories for Materials Science and

Technology, St. Gallen, Switzerland

Conclusion: Most of the toxicity of metal nanoparticles in lab experiments 
can be attributed to the amounts of dissolved metal released into solution



• Bacterial Production  Flow Cytometry

• Bacterial Community Analysis by:
o Polymerase Chain Reaction-Denaturing Gradient Gel 

Electrophoresis (PCR-DGGE)

o PCR-Terminal Restriction Fragment Length Polymorphism 
(PCR-TRFLP)

Toxicity of Nanosilver to Natural Bacterial Communities

Das P, Williams CJ, Fulthorpe RR, Hoque ME, Metcalfe CD, Xenopoulos MA. 2012. 

Changes in Bacterial Community Structure after Exposure to Silver Nanoparticles in Natural Waters. Environ Sci Technol 46:9120-9128.

• Experiments with natural bacteria collected from an urban 
pond and a stream 

• Treatments with 0 (Control), 0.05, 0.1, 0.5, and 5 mg/L of 
AgNP

• Positive control - 0.01 mg/L of AgNO3 

• 3 replicates for each treatment

• Incubated for 5 days at 210C



Community Structure - PCR-DGGE Analysis

Stream
bacteria

Start of exposure

Control treatment

Low AgNP
Treatments

High AgNP
treatments

Ag+ treatment

Conclusion: Community changes are different for bacteria exposed to Ag+ and AgNPs



CONCLUSIONS

• Metal free ions formed by dissolution of 
nanoparticles in aquatic matrixes contribute to the 
toxicity of nanomaterials

• However, nanoparticles probably cause toxicity 
through mechanisms that are independent of free 
ion toxicity

• In natural aquatic ecosystems, concentrations of 
metal free ion may be low due to complexation with:
o Inorganic ligands

o Dissolved organic matter



Are Studies with “Pristine” Nanomaterials
Environmentally Relevant?

• Nanoproducts contain NM in a matrix
o Solids, liquids or aerosols

o Must be released over time (abrasian, desorption, 
dissolution) 

o Often subject to “aging” or “weathering”

• May undergo transformations
o Oxidation

o Reduction

o Photoreactions

o Biotransformation

Nowack, B., J. Ranville, S. Diamond, J. Gallego-Urrea, C. Metcalfe, J. Rose, N. Horne, A.A. 
Koelmans, S.J. Klaine. 2012. Potential scenarios for nanomaterial release and subsequent 

alteration in the environment. Environ. Toxicol. Chem., 31:50-59.



Particles released from paint by natural weathering. Area 3 contains Ag
particles and areas 1 and 2 are
TiO2-containing particles

AgNP in Paint
Dispersed  in a 
liquid matrix, 
Forms a solid when 
painted on 
surfaces. Slow 
release by 
abrasion, 
photochemistry, 
oxidation from 
painted surface

Kaegi et al (2010)



nTiO2 in Sunscreen

Dispersed in a liquid matrix; relatively rapid release 
of original product and transport into wastewater



Pristine material Aged material

Non-realistic exposure Environmentally relevant exposure

Good to obtain mechanistic effects and 
identification of the active fraction of the 
material.

Final exposure is a distribution of
different NM, depending on the extent
of aging/weathering

Material is easy to obtain Aged materials are difficult to separate
from matrix components

High exposure concentrations of pure 
material possible

Low exposure concentrations, often the
NM make up only a small portion of the
released material

Transformation products not considered Transformation products may be more
or less toxic than parent material

Investigations with “Aged” NM are Rare



Conclusions

As the science develops, we will be able to assess:

o The hazards to the environment from 
nanoparticles released from nanoproducts

o The concentrations of nanoparticles in various 
environmental matrixes (water, wastewater, soil, 
sediment, biosolids, air)

o Make informed decisions about the potential for 
environmental impacts from the development of 
nanotechnologies


