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*Worker 
• Inhalation exposure to dry particles
• Manipulating composites

* Consumer 
• Cosmetics (dermal)
• Food contact (oral)
• Abrasion/wear

* Environmental
• Water; waste; recycling; re‐use
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ASSESSED 59 SCENARIOS, INCLUDING: 

CN LIFE CYCLE RISK ASSESSMENT & EHS ROADMAP IDENTIFIED
IDENTIFIED KEY KNOWLEDGE GAPS

Shatkin, J. A., & Kim, B. (2015). Cellulose nanomaterials: life cycle risk assessment, and 
environmental health and safety roadmap. Environmental Science: Nano, 2(5), 477‐499.



GLOBAL MAP OF CELLULOSE NANOMATERIAL SAFETY RESEARCH

Available at: www.vireoadvisors.com/cellulose‐nanomaterial‐safety‐research‐map/

Worldwide Efforts include:
•Occupational Safety 
Research

• Biocompatibility and Tissue 
Engineering

• Toxicity Testing Methods
• Food Safety

• P3Nano Food Safety 
Study Project



• We help our clients bring better technologies to the market
‐ Reduce the risks of innovation
- Address environmental, health and safety requirements
- Connect our partners to resources/solutions

• We help individual companies navigate the EHS landscape and manage safety aspects of 
new products and technologies

• We build and work with consortia to address critical data gaps necessary for 
commercialization

P3Nano

SD Warren d/b/a

WHAT VIREO ADVISORS DOES

P3Nano
Worker Safety

• Inhalation Study 
Analysis

• Worker Guidance

Consumer Safety
• Safety for Cosmetic 

Applications
• Safety of 

Composites

Environmental Safety
• Analysis of Available 

Data for Safety 
Demonstration



EHS OF CELLULOSE NANOMATERIALS

Worker Safety

• Summarize published studies for their 
contribution to our current understanding of 
CN inhalation hazard

• Evaluate studies for risk assessment
purposes using published evaluation tools 



EHS OF CELLULOSE NANOMATERIALS

CONCLUSIONS
• Quality of the available studies is generally 

inadequate for risk assessment purposes 
but is improving over time.

• There have been some advances in 
knowledge about short‐term inhalation 
effects. 

• The most recent studies suggest short‐
term exposures are similar to other poorly 
soluble, low toxicity dusts such as 
conventional cellulose.

• However, several data gaps remain, and 
there is still a lack of understanding of the 
effects from long‐term, low‐dose 
exposures.

Worker Safety
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Worker Safety

Cellulose Nanomaterial Worker 
Handling Guide

• Developed in collaboration with 
P3Nano

• Guide for people working with CNs 
• Written for non‐experts
• Safety concerns, current knowledge, 
and best available safety management 
practices

Available at: http://tappinano.org/whats‐up/hse‐summary/



EHS OF CELLULOSE NANOMATERIALS

Worker Safety

Cellulose Nanomaterial Worker 
Handling Guide
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PROJECT OBJECTIVES
Focused Oral Toxicity Studies to Address Gaps

Build a set of methods and a data set demonstrating safety;
Conduct studies in commercial testing labs to compare oral 
uptake of new forms of cellulose to Existing GRAS; 
Develop a suite of assays to address nano exposure and 
toxicity;

Tiered Testing Approach – Minimize Initial Effort & Inform Design
To achieve demonstration of safety  

• FUNDING PARTNERS

– Alberta Innovates
– P3Nano (public private partnership with US FPL)
– Industry – international producers/end users
– US Govt. Granting Agencies

• COLLABORATORS
– Vireo Advisors – PI/ Project Coordinator
– American University/NIST
– Baylor University School of Medicine
– Harvard School of Public Health
– Oregon State University
– Commercial testing labs ‐ GLP Studies
– Independent peer reviewers
– GRAS Advisor 
– APPTI/ Agenda 2020 Nano Committee

FoodFood
Consumer Safety
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Data Suggests CNC & CNF Similar Safety to Conventional Cellulose for Use in
Cosmetics

SUMMARY: Test  Cellulose Nanocrystals Cellulose Nanofibrils

Skin Irritation Non‐irritating 
Non‐corrosive1

No studies publicly available.

Eye Irritation No studies publicly available. No studies publicly available.

Skin Sensitization Non‐sensitizing1 No studies publicly available.

Acute Toxicity No mortality or adverse effects 
observed.1

No studies publicly available.

Repeat Dose Toxicity No mortality or adverse effects 
observed (28 day).1

Vireo Food Safety Study

1. O’Connor et al., 2014 Commercialization of Cellulose Nanocrystal Production: A Business Case Focusing on the Importance of Proactive EHS Management. 
2. Ong et al., 2017. Establishing the safety of novel bio‐based cellulose nanomaterials for commercialization. NanoImpact 6, 19‐29.

CosmeticsCosmetics
Consumer Safety
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Cellulose Nanocrystals Cellulose Nanofibrils

Sub‐chronic (90 day) Toxicity Vireo Food Safety Study Vireo Food Safety Study

Mutagenicity/ Genotoxicity No evidence genotoxic.1 No evidence genotoxic.2

Skin Photoirritation No studies publicly available. No studies publicly available.

Phototoxicity Testing                   
(sun‐exposed)

No studies publicly available. No studies publicly available.

SUMMARY:

1. O’Connor et al., 2014 Commercialization of Cellulose Nanocrystal Production: A Business Case Focusing on the Importance of Proactive EHS Management. 
2. Pitkänen et al., 2014. Characteristics and safety of nano‐sized cellulose fibrils. Cellulose 21 3871‐86.

CosmeticsCosmetics
Consumer Safety

Data Suggests CNC & CNF Similar Safety to Conventional Cellulose for Use in
Cosmetics
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CompositesComposites
Consumer Safety

Wohlleben et al., 2016 NanoImpact



EHS OF CELLULOSE NANOMATERIALS

Adapted from: Peters TM, Ch 8. Managing Risks in Occupational Environments, in Shatkin, 2012. 
Nanotechnology Health and Environmental Risks, 2nd Edition. CRC Press.

CompositesComposites
Consumer Safety

Knowledge from Studies with Carbon Nanotube Composites:
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Environmental Safety
Endpoint CNC CNF

Biodegradation

• Aerobic biodegradation

• Anaerobic biodegradation

Environmental Toxicity

Aquatic Plants

Bacteria

Aquatic Invertebrates

• Acute Toxicity

• Chronic Toxicity

Fish

• Acute Toxicity

• Chronic Toxicity

Kovacs et al., 2010; Vartiainen et al., 2011; Celndaniel et al., 2014; Pereira et al., 2014; Harper et al., 
2016; Due et al., 2016; Ong et al., 2017



THE VIREO ADVISORS TEAM

Dr. Kimberly J. Ong 
is a biologist and environmental 
scientist. Dr. Ong is an expert in 
developing protocols specific for 
novel material testing to improve 
reliability for risk and exposure 
assessment, and is experienced in 
regulatory analysis for novel 
products.

Dr. James D. Ede 
is a toxicologist experienced 
in testing strategies for 
novel materials, including 
molecular, biochemical and 
cellular techniques, and is
experienced in life cycle risk 
assessment

Dr. Jo Anne Shatkin is an expert in novel product 
safety and environmental and health policy issues, 
with over 20 years experience leading projects in 
risk analysis, safety and regulatory policy work 
including numerous publications. 

She is founder and president of Vireo Advisors in 
Boston, Massachusetts. 

Leslie Hockman has 
industry experience working 
for a commercial 
manufacturer of cellulose 
nanomaterials, and is Vireo’s 
administrator.

Cassidy Pomeroy 
Carter holds a Bachelor's 
degree in biology. She has 
science and technology 
policy experience and has 
worked on emerging 
technologies, innovation, 
and risk assessment.

Dr. Shaun Clancy is a 
chemist with over 30 years 
experience in the chemicals 
industry, directing programs 
in health, safety, and 
regulatory affairs in major 
corporations.
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