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Routes of Engineered Nanoparticle 
Entry into the Environment 
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Microbial Interactions with Nanoparticles 

How does the nanoparticle 
impact the microorganism? 

• Toxicity? 

• Growth 
inhibition/stimulation? 

 

 

 

 

 

 

• Resulting effects on 
microbial community? 

How does the microorganism 
impact the nanoparticle? 

• Chemical alteration? 

• Coating modification? 

 

 

 

 

 

 

• Resulting effects on 
nanoparticle fate and 
transport? 

 



Microbial Interactions with Nanoparticles: Arguments 
Against the Predictive Value of Bacterial Suspension 

Cell Culture Toxicity Data 

Engineered nanoparticle interactions with macromolecules and surfaces in real 
environments? 
 
Reactions with solutes in real environments? 
 
Non-equivalence of biofilm and planktonic community behaviors? 

Biofilms are by far the dominant 
mode of bacterial life in the 
environment. 



Engineered Nanoparticle Effects on Bacteria 
in Environmentally (More) Relevant Contexts 

• Nanoscale Zero-Valent Iron (NZVI) effects on 
microbial communities in aquifer materials 

 

• Silver nanoparticle effects on bacterial biofilms 

 
Bacterial Effects on Engineered Nanoparticles 

• Biodegradation of nanoparticle-stabilizing 
polymer brushes 

 



Nanoscale Zero-Valent Iron (NZVI) is a promising 
in-situ remediation agent for groundwater 
contamination by trichloroethylene (TCE) 
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Nanoscale zero valent iron (NZVI) 
particles are a promising technology for 
the remediation of chlorinated solvent 
contaminated groundwater. These 
particles are small enough to transport 
through aquifer pores, and the zero 
valent iron core rapidly reduces 
chlorinated ethenes to nontoxic 
products. In the field, high 
concentrations of particles will be 
injected into wells. There are concerns 

about injecting large quantities of nanomaterials into the environment 
and therefore it is important to 
understand the impacts of NZVI addition 
on microbial communities. 

 

NZVI particles have a zero valent iron core 

which reacts rapidly in aqueous 

environments. Although the desired 

reaction reduces chlorinated solvents, the 

corrosion of NZVI in water produces hydrogen 

which is expected to stimulate the growth of 

various groups of microorganisms, including 

sulfate reducers and methanogens.  

 

Experiments were performed in 

microcosms (Figure 4), using soil from a 

trichloroethylene contaminated site in 

Alameda, CA. Microcosms were either 

amended with 100ppm TCE, 1g/L NZVI or 

both. NZVI and polyaspartate modified 

NZVI were studied to deduce the impact 

of a biodegradable polymer on the 

community. Nano-magnetite controls 

were assembled to determine whether 

changes in the microbial community were 

caused by particle reactivity.  

 

Figure 1. Conceptual model of a chlorinated solvent 
contaminated aquifer undergoing NZVI treatment 

Figure 2. TEM image of NZVI particles. Particles have a zero 
valent iron core and a magnetite shell.
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Figure 3. The zero valent iron particle core can reduce 
chlorinated solvents to non-chlorinated products. Anaerobic 
corrosion of the particle produces hydrogen which can serve as 
an electron donor for the microbial community. 

Figure 4. Microcosms of unamended aquifer material 
and NZVI amended aquifer material 

 



NZVI has a strong bactericidal effect on 
E. coli  planktonic cell culture in buffer 

Li and coworkers Environmental Science 
and Technology 2010, 44, 3462 

100 ppm NZVI in 5 mM NaHCO3 

~ 109 CFU/mL E. Coli  

Minimal Inhibitory 
Concentrations  
 
MIC = 5 ppm for uncoated NZVI 
MIC = 500 ppm for coated NZVI 

Bare NZVI 

Coated NZVI 

Adsorbed macromolecules, 
including natural organic matter,  
decrease bactericidal effect. 



Does NZVI exhibit a strong bactericidal 
effect in aquifer materials? 

• Microcosms assembled with 
aquifer material from TCE 
contaminated sites 

 

 

• Amended with NZVI (1500 ppm) 
and TCE (100 ppm) 



NZVI does not decrease bacterial abundance after 
8 months in Alameda aquifer solid microcosm. 

B
ac

te
ri

al
 1

6
s 

rD
N

A
 (

co
p

ie
s/

gr
am

 s
o

il)
 

1 x 104 

1 x 105 

1 x 106 

1 x 107 

Control TCE NZVI NZVI 

+ TCE 

Modified  

NZVI 

+ TCE 

Modified  

NZVI 

Nano- 

magnetite 

Kirschling et al. Environ. Sci. and Technol. 2010, 44, 3474 
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NZVI does change bacterial community 
composition 

*After 1 NZVI lifetime (110 days) 

Kirschling et al. Environ. Sci. and Technol. 2010, 44, 3474 



Silver nanoparticles (AgNPs): a “model suspect” 
for potential environmental toxicity 

11 

 
 Most abundant type of nanomaterial 

in consumer products 
 
 Broad spectrum biocide 



PL: polylysine capping agent 
MPA: mercaptopropionic acid capping agent 

Dror-Ehre et al. Journal of Colloid and Interface Science 2009, 339, 521 

Silver nanoparticles exert a strong bactericidal effect 
on E. coli in planktonic culture in growth media  

~ 4-5 log killing at 8 mg/mL (8 ppm) 
concentration 



What is the effect of silver 
nanoparticles on bacterial biofilms? 

Model System 

– Pseudomonas fluorescens biofilms grown in 
Minimal Davis Media 

– Poly(vinyl pyrrolidone)-stabilized Ag NPs. 
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Established biofilms display some tolerance  
to AgNP exposure compared to planktonic bacteria.  

Humic acid added at 10 mgC/L provides a protective effect by binding 
dissolved silver. 

These treatments 
caused > 6 log 

killing and 100% 
viability loss in 

planktonic cultures 

Wirth et al. Environ. Sci. and Technol. 2012 46, 12687-12696 
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Do adsorbed AgNPs prevent surface colonization? 
No. 

Silica surface colonization from 106 CFU/mL planktonic P. fluorescens inocula    
longer incubations: planktonic growth has recovered after initial shock  

Wirth et al. submitted 



Do adsorbed AgNPs prevent surface colonization? No – 
nor do they affect adherent cell count or viability. 

AgNP-coated region 

Uncoated region 

Wirth et al. submitted 



PEO brush grafted on poly(styrene)-like core 
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Kirschling et al. Environmental Science and Technology 2011, 45, 5253 

PEO-degrading 
enrichment culture 
originated from 
Monongahela River 

 
Biomass and CO2 
Production 
 
Particle Aggregation 

Supplied as sole carbon 
source to 
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PEO brush nanoparticles 

 

No carbon control 

An example of bacterial action on engineered 
nanoparticles: Biodegradation of polymeric stabilizer 
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Main Points 
 

• Potential impact of engineered nanoparticles on environmental 
microorganisms should be determined in systems that include critical features 
of environmental complexity 
 

 
• Using pristine nanoparticle suspensions may exaggerate potential 

toxicity 
 

 Natural organic matter decreases silver toxicity. 
 

• Using planktonic bacterial cultures may exaggerate potential toxicity 
 
 Presence of soil (aquifer solids) greatly diminishes Fe0 nanoparticle 

toxicity. 
 

 Biofilms predominate in nature and they are significantly less 
susceptible to toxic nanoparticles than are planktonic suspensions 
(silver) 
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Key Questions:  
Toward a Systems Approach 

• How do we balance the need for high-throughput 
ecotoxicity screening with the critical importance of 
environmentally realistic complex media? 
 

• Is there a minimal, well-defined media that captures most 
important features of environmental systems? 
 

• How do effects on microbial communities compare to 
single species effects? 
 

• How should any predictive model be formulated to account 
for environmental conditions in addition to the customarily 
reported nanoparticle characteristics? 
 



Possible mechanism for biofilm tolerance of AgNP: Extracellular 
Polymeric Substance acts as a nanoparticle transport barrier and 
as a sink for dissolved silver. 
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