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Nanotechnology – What is it?

• The science and applications of 
nano-materials – controlling 
matter on an atomic and 
molecular scale
• Engineered nanoobjects: at least 

one dimension between 1 to 100 
nanometers (nm)
•  roughly 100,000 times smaller 

than the diameter of a human hair Nano-
objects
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A range of 
applications 

– 
The Promise
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Engineered nanomaterials: enhanced performance compared 
to their bulk counterparts 

• At nano-scale: 
• material properties change - 

melting point, fluorescence, 
electrical conductivity, and 
chemical reactivity 
• Surface size is larger - more 

material comes into contact with 
surrounding materials and 
increases reactivity Nanosclale 

performance 
benefits

More durable

More reactive

Stronger

Lighter

Better electrical 
conductivity
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Engineered nanomaterials

Broad Categories: Engineered Nanomaterials

Carbon-
based

fullerenes, 
carbon 

nanotubes

Metal 

Silver, gold, 
copper 

Metal 
Oxides

Titanium 
dioxide, zinc 
oxide, iron 

oxide

Dendrimers

Hyperbranched 
polymers, 

dendrigraft 
polymers, 
dendrons

Composites

Nano clays, 
polymer beads

5

Nanomaterials 
can be found in 
nature – but 
nanotechnology is 
about 
engineering 
nanomaterials 
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A Familiar Story? A 
stool without its 3rd leg

Source: DOI:10.1186/s40494-021-00493-5
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https://heritagesciencejournal.springeropen.com/articles/10.1186/s40494-021-00493-5
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A Precarious Promise? An enchantment with 
performance trumping health and safety? 

Late Lessons from Early 
Warnings (2001, EEA) 
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Engineered Nanomaterials – Basic Concerns 
for Human Health and Environment

• Particle size influences toxicity 
• As particles become smaller, characteristics of the material change

• At the same exposure dose, compared to micrometer scale particles, ENMS:
• are greater in sheer number
• have roughly 1,000,000 times greater surface area enhancing reactivity
• have enhanced ability to redistribute from their site of deposition and to 

travel by new pathways, including the lymphatic and nervous systems, to 
many tissues and organs

• have the potential to deliver a higher dose of complex materials attached 
to their surface 

• Substances that are hazardous in bulk form (e.g., cadmium) can 
generally be expected to be hazardous at the nanoscale
• Substances that are not hazardous in bulk form may, however, be 

hazardous at the nanoscale because of the above nanoscale properties 
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What we’re learning about potential harms – 
some examples 

• Carbon nanotubes
• Quantum dots
• Nano-titanium dioxide
• Nanosilver

• Note – these are materials, not chemicals – tens of 
thousands of variations, even within the same class of material
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Carbon Nanotubes

• 2 broad categories:
• Single-walled CNTs (SWCNTs)
• Multi-walled CNTs (MWCNTs) 

• Primary hazard endpoints 
of concern:
• Pulmonary fibrosis; pulmonary 

inflammation (NIOSH Current 
Intelligence Bulletin 65, 2013) 
• “Biomarkers of effect”  seen 

in workers exposed
• Cancer (IARC, Group 2B) [one 

type of MWCNTs]
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Quantum Dots
• Crystalline semiconductors

• Semiconductor core: CdSe; CdTe; 
ZnS 

• Semiconductor shell: often ZnS

Primary health hazard endpoints 
of concern:
• Cd cores are of concern 

(carcinogenicity); toxicity seems 
dependent on coatings and 
release mechanisms of Cd2+ 
ions
• Organ toxicity (lung, liver, 

kidney) (Cd-based QDs) 
(DOI: 10.1002/jat.4180)
• Immune cell activation 

(DOI: 10.1002/jat.4180)

Televisions
 Lasers

Solar cells Medical 
imaging

Drug 
carriers Biosensors

https://doi.org/10.1002/jat.4180
https://doi.org/10.1002/jat.4180
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Nano Titanium Dioxide
Size-dependent effects (i.e., 
micrometer versus nanoscale 
matters)

Primary health hazard 
endpoints of concern:
• Pulmonary inflammation
• Genotoxicity (under certain 

conditions)
• Carcinogenicity (potential 

occupational carcinogen, 
NIOSH)
• organ/liver effects (at high 

doses)

Paints/pigments
 

Food/drug 
colorant

Cosmetics Sunscreens

Photovoltaics Self-cleaning 
surfaces

• No authorization for use in EU spray-
based cosmetics/sunscreen products

• On CA Prop 65 list
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Nanosilver

• Collodial silver Primary health hazard 
endpoints of concern:
• Aquatic toxicity – research 

suggests effects are 
dependent on the release of 
silver ions
• Functionalization/aggregation/ 

sulfidation – all possible 
mechanisms that reduce 
impacts

Textiles Water 
treatment

Cosmetics Food 
packaging

Food 
Sensors

Fuel additive 
catalysts
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Best Management Practice – Environmental 
Management

• Good Question???
• Efforts (US and internationally) have focused on 

workplace controls to date
• Environmental management best practices 

dependent on industrial hierarchy of controls
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Best Management Practices – NIOSH Guidances

Controlling Health 
Hazards When 
Working with 
Nanomaterials: 
Questions to Ask 
Before You Start

https://www.cdc.g
ov/niosh/docs/201
8-103/default.html 

https://www.cdc.gov/niosh/docs/2018-103/default.html
https://www.cdc.gov/niosh/docs/2018-103/default.html
https://www.cdc.gov/niosh/docs/2018-103/default.html
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General guidance, including for small businesses: essential elements of a risk management program
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Physical-chemical properties: key to 
performance AND inherent hazard

Physicochemical 
characteristics 

governing 
inherent hazard 

of ENM

Chemical 
composition

Surface area

Shape

Size
Charge Chemical 

surface 
coatings

Aspect ratio

Reactivity

Solubility

Can we tune these properties to 
enhance performance AND 

reduce their potential hazards to 
ensure the safe development 

and use of engineered 
nanomaterials?
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More 
fundamental 
protection: 

Can we design 
out the 
hazard?

Safer and More 
Sustainable 

Nanotechnology

Principles of Design for SAFER Nanotechnology 
 Morose, G. J Cleaner Prod. 2010;18:285-289

Size, Surface & Structure: Diminish or eliminate the hazard by 
changing the size, surface or structure of the nanoparticle while 
preserving the functionality of the nanomaterial for the specific 
application

Alternative Materials: Identify either a nano or bulk safer 
alternative that can be used to replace a hazardous nanoparticles

Functionalization: Add additional molecules (or atom) to the 
nanomaterial to diminish or eliminate the hazard while preserving 
the desired properties for a specific application

Encapsulation: Enclose a nanoparticle within another less 
hazardous material

Reduce the quantity: Where the above principles can not be used, 
and use is necessary, investigate opportunities to use smaller 
quantities.
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Where is regulation?
US EPA
• Toxics Substances Control Act – regulated by 

molecular composition (e.g., CAS #) not size
• ”Existing” – subject to a reporting rule (2017)

• nano-silica; nano-gold; nano-titanium oxide
• ”New” 

• Requires pre-manufacturing notices (PMNs) and review 
of safety through EPA’s new chemicals review program

• Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA) 
• Anti-bacterial materials, e.g., nanosilver

No restrictions on 
ENMs to date

It’s a different story 
in the EU

Other US authorities:
• OSHA
• FDA
• CSPC
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A New Driver for Use of ENMs – Alternatives 
to Chemicals of Concern
Now emerging (in development or commercially available) as replacements 
for functions currently being served by chemicals of concern. Examples 
include:
• Multi-walled carbon nanotubes (MWCNTs) as replacements for 

halogenated flame retardants 
• Nanowhiskers as a replacement for per- and polyfluroralkyl substances 

(PFAS) in stain resistant textiles and carpets 
• Organosilicates as replacements for PFAS surfactants in aqueous film 

forming foams 
• Polymer nanocomposites as replacements for phthalate plasticizers
• Range of nanomaterials as replacements for copper-based anti-fouling 

agents
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State programs focus on phasing out toxic 
chemicals not set up to deal with ENMs

SAFER PRODUCTS FOR WASHINGTON
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We can have our cake and eat it too
BUT we need

• Support for EH&S research
• Anticipatory governance/policy structures
• Actions for protection despite uncertainty



SUSTAINABLE CHEMISTRY CATALYST

Thank you!

Molly Jacobs – molly_jacobs@uml.edu

Sustainable Chemistry Catalyst
Lowell Center for Sustainable Production

University of Massachusetts Lowell

mailto:molly_jacobs@uml.edu


SUSTAINABLE CHEMISTRY CATALYST

Reflections by others?


