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A U.S. EPA white paper (U.S. EPA 2007) pointed 
out the positive aspects of using nanomaterials 
in environmental remediation while also calling 
for research on the possible negative effects.

Other risk framework documents have 
recommended research into the toxicity, fate 
and transport, and bioaccumulation of released 
nanomaterials (Maynard and Aitken 2006). 



There is a need to evaluate the risk of ENP use 
versus persistence in the environment.
Yet very little research has been done on 
environmental toxicology of engineered 
nanomaterials. 
Address :bioaccumulation, bio-toxicity and 
biodegradability [i.e. Life Cycle] versus the
potential benefits of nanotechnology in 
Environmental settings.



Standardize tests to access ENP toxicity 
Exposure levels and pathways of uptake
Consider ecotoxicity during entire life-cycle, i.e. 
production, use and fate.
Assess NP bioaccumulation and bio-magnification
Nano-enhanced remediation puts ENP’s into the 
environment
Long-term consequences???



Only a few quantitative methods available
They are time-consuming and expensive.
Need better tools.
Establish biomarkers to track nanoparticles as part of 
a biological monitoring program.
Some existing regulatory toxicity tests might  be 
appropriate for nanoparticles.
However, risk analysis requires proper measurement 
of nanoparticles in the environment (Handy et al. 
2008).



Health- Toxicologists/Physicians
Toxicology and Toxicokinetics
Clinical Studies and Particle Translocation
Metabolism
Bioaccumulation and Persistence

Environment- IH
Exposure
Emissions
Persistence

Metrology- Physics /Engineering
Instruments of measure
Standardization of techniques and terminology
Standardization of materials (TiO2 at 96, 54 and 25nm)



Risk is usually defined as:

Toxicity x Concentration  (i.e. mg/kg b.w.)

Mass concentration is not an appropriate measure for  NP
Δ density of states changes
Δ bulk density changes
Δ in # surface active atoms



Bind As [V] irreversibly – up to 99% removal 
Higher Conc. nZVI if high dissolved carbon, 
sulfate and phosphate
Effectively Dechlorinates of a variety of cpds.
Aggregation limits its mobility/modifications 
needed
The high reactivity of nZVI due to high specific 
surface area. 



No radically new properties compared with 
microscale-sized Fe particles (Watlington 2005). 
Addition of catalytic coatings changes these 
properties and may ↑hazard potential 
Oberdörster et al. (2006) toxicology should 
include benthic and soil flora and fauna [food 
chains].
Different reactions to nZVI may be found in 
some lower organisms 



Inhalation exposure to Fe0 nanoparticles could 
result in the release of Fe(III), followed by 
oxidative damage (Keenan and Sedlak 2008). 

Low concentrations of nano-Fe and taken up 
into cells produce an oxidative stress response 
(Wiesner et al. 2006) 

But tests were conducted at >dosages

Inflammation is a significant concern



Although Fe is an essential element for growth 
in nearly all species, an abundance of free 
chelating Fe has been  (Valko et al. 2005).
linked to DNA damage
lipid peroxidation, and 
oxidative protein 
damage in vivo



Evaluated same ENP) [05/06/2013] -8 labs
Results in consistent, comparable results.
Evaluated  TiO2 NP and MWCNT’s
All produced inflammation & inflammatory lung 
lesions 
↓ hazard if excess metal catalysts used in 
manufacture are removed 
↓ hazard by adding carboxyl groups to the outside 
of ENP.

MWCNT



Maternal exposure to ENP(TiO2) affects the expression of 
genes related to the central nervous system in 
developing mice. 

Compared to brains of control animals, the researchers 
demonstrated changes in expression of hundreds of 
genes. 

According to Takeda, "Diseases associated with these 
genes include those we normally consider to develop in 
childhood, such as autistic disorder, epilepsy and learning 
disorders, and also others that arise mainly in adulthood 
or old age, such as Alzheimer's disease, schizophrenia 
and Parkinson's disease."



• SWCNT may induce cell apoptosis, characterized by 
up- regulation expression of apoptosis-associated 
genes (e.g., p16, bax, hrk, bak1, p57, FGFR2, TGF beta 
receptor 1 and TNFAIP2 genes) and down regulation 
expression of cell-cycle-associated genes 

• Silica nanoparticles induced a higher level of acute 
phase proteins, such as C-reactive protein (CRP) when 
compared with than larger silica particles (diameter 
>100 nm).



• Nanomedicine (06/12)an article linking ENP to rheumatoid 
arthritis and the development of other serious autoimmune 
diseases. 

• Identical response in human cells and in the lungs of mice

• Saw transformation of the amino acid arginine into the 
molecule called citrulline associated with autoimmune 
conditions such as rheumatoid arthritis. 



Using Langendorff heart―showed  
that nanoparticles have a clearly 
measurable effect on the heart. 

When exposed to ENP’s, the heart 
reacted to certain types of particles 
with an increased heart rate, cardiac 
arrhythmia and modified ECG values 
that are typical for heart disease. 

Helmholtz Zentrum Muenchen
and the TU Muenchen



Peptide-coated
fullerenes do
penetrate the skin
following flexion
and extension.
Jillian G. Rouse,†,‡
Effects of Mechanical
Flexion on the
Penetration of
Fullerene Amino
Acid-Derivatized
Peptide Nanoparticles
through Skin
NANO LETTERS
2007, Vol. 7, No. 1
155-160
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Message – protect workers



vHigh aspect ratio ↑ toxicity

vNon-soluble particles have a significantly greater 
potential for toxicity where it appears that 
available surface area, size, shape, surface 
coating length to diameter aspect ratios each 
contribute to the overall risk potential.



• Crop yield and quality are affected by the addition of ENPs to the 
soil. 

• The study showed that soybean plants grown in soil that 
contained zinc oxide bio-accumulated , absorbed into the stems, 
leaves, and beans. 

• Food quality was affected, although it may not be harmful to 
humans to eat the soybeans if the zinc is in the form of ions or 
salts, 

• ENP’s of cerium oxide, did not bio-accumulate, but stunted plant 
growth. Changes occurred in the root nodules, where symbiotic 
bacteria normally accumulate and convert atmospheric nitrogen 
into ammonium, which fertilizes the plant. 



The researchers first examined the indigenous 
microbe communities prior to adding three 
types of ENP includingNano Ag. 
The soil samples were then left for six months 
to see how the microbe communities were 
affected. 
After 6-months, complete loss of nitrogen fixing 
species [more than 106 more susceptible to 
nano Ag than other species]. 



Evaluate nanoparticles on 
the entire ecosystem 
Consider UV, oxidation 
state, and microbial 
activity which modify or 
degrade the functionalized 
surface 



Exposure
Product Form
Concentration
Composition
Stability
Handling
Containment
PPE
Volume
Exposure Scenario
Exposure Freq.

Characteristics
Size
Shape
Surface Area
Mass (?)
Number
Surface Chem.
Agglomeration
Solubility
Durability

Biol. Fate
Deposited Dose
[Pulmonary]
[Translocation]
Clearance
Persistence

Inflammation
Cytotoxicity
Oxidative Stress
Cellular Homeostasis
Immunomodulation
Fibrosis
Genotoxicity
Cell Transformation



Develop “Smart “nanomaterials for remediation 
new coatings or functional groups to enhance mobility
More sophisticated ENP’s with multi-functionality
Treating several different pollutant reactions on the same 
particle or
interact with both hydrophobic and hydrophilic pollutants. 
Build in self-termination for active nanoparticles so they 
become benign after remediation [Limit Life-Cycle]
Improve delivery systems for injecting nanoparticles into 
contaminated groundwater plumes.

Engineering more effective particles can improve the 
ability remediate pollutant plumes while minimizing 
potential harm.



Exposure Registries

Enviro. Expo. Monitoring

Personal Expo. Monitoring

Biol. Monitoring

Medical Screening

Clinical Care

Rehabilitation

Prospective Studies

Accommodation

Retrospective Studies



There is no clinical test to measure:
Transdermal nanoparticle absorption
Transneural nanoparticle absorption
Gastrointestinal nanoparticle absorption
Respiratory nanoparticle absorption
• Other respiratory tests are severely limited

Spirometry detects late effects, variability ±7%,relatively insensitive.
Bronchoscopy and lavage is too invasive.
Exhaled nitric  oxide is experimental measure of inflammation.



Toxico-kinetics 
Standardized NP’s 
Target tissues [lung/gut etc.; 2nd –
heart/brain/liver]
Physicochemical characteristics (e.g. size, shape, 
composition, coatings, metals, aggregation state, 
ability to cause oxidative stress etc) 
Evaluation of ENP’s to induce toxicity via 
mechanisms identified for fibre toxicity, namely 
length, biopersistence and reactivity; 
Mechanisms of toxicity include ability to induce 
inflammation, fibrosis, and genotoxicity



Two ways to modify nanomaterials to make them more 
biocompatible by varying coatings or covalent surface 
modifications. 
Some surface modifications can be altered under UV 
exposure or oxygen to cause cytotoxicity 
The likelihood of weathering under environmental 
conditions makes it important to study toxicity under 
UV and air exposure conditions. 
This is similar to the problem of studying polycyclic 
aromatic hydrocarbons (PAHs) in the laboratory, where 
UV-exposure activates PAHs and makes them more 
toxic.



Characterization based on physico-chemical properties [not chemical]
Toxicological Properties
Environmental Fate and Behavior
New Data might also be required for evaluation:
»» crystal structure;
»» primary particle size distribution;
»» agglomeration/aggregation state;
»» specific surface area;
»» morphology/shape/aspect ratio;
»» information on surface modifications;
»» catalytic properties, radical formation potential (to be further defined);
»» surface charge/zeta potential;
»» dustiness;
»» properties for the fate of nanomaterials in water, soil and air
»» photo degradation properties.



The effectiveness of ethical considerations 
depends, in part, on scientists discussing 
nanotechnology in a manner which is open, 
accessible, inclusive and fair.  

Nanotechnology demands public policy and 
regulation

Issues include“distributive justice”, informed 
consent and voluntariness

The continued use of Nanotechnology and 
Ethics are inseparable.


