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Accelerating commercialization of novel bio‐
based materials and improving safety by 

design through public private partnerships



Assess occupational, consumer, environmental impacts [ROADMAP] 

Develop/adopt standardized EHS methods

Create a data set demonstrating safety

Develop a testing strategy for next‐gen materials

ENVIRONMENTAL HEALTH AND SAFETY EHS ROADMAP –
CELLULOSE NANOMATERIALS
EXPOSURE SCENARIOS FOR LIFE‐CYCLE RISK ASSESSMENT (LCRA)
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• American University/NIST
• Baylor University School of Medicine
• Harvard School of Public Health
• Oregon State University

• Testing laboratory ‐ GLP 
Studies

• Independent Peer 
reviewers

• Expert Advisors 

•USDA Forest Products 
Laboratory 
•Alberta Innovates 
•NIH
•NIFA

Government Private

AcademicService 
Providers

•US Endowment for Forestry and 
Communities & P3Nano
•Alliance for Food Safety 
Acceptance of Fibrillated and 
Crystalline Celluloses (Industrial 
Producers) 
•Agenda 2020 Nanocellulose 
committee
•Vireo Advisors

PUBLIC/PRIVATE PARTNERSHIP MODEL



FOOD SAFETY TESTING STRATEGY
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Alternative Test 
Methods/ Strategy



FOOD SAFETY STUDY MATERIALS
ANIMAL TESTS
Novel forms
• UMaine CNF (cake)  
• Hardwood CNC (powder)

PCHEM/ALTERNATIVE TESTS
• UMaine CNF
• Hardwood CNC
• 6 industrial CMF/CNF
• Conventional cellulose

Conventional/GRAS
• Commercial Cellulose 
(SolkaFloc)

Testing strategy allows 
“read across” from 
animal to alternative 
testing 
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ALTERNATIVE TESTING STRATEGY

**Follows EFSA Guidance on Nanomaterials 



CELLULOSE NANOMATERIALS FOOD SAFETY STUDY
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Animal Studies Cell‐based Studies
Study Result Endpoint Result

Acute Oral Rat Toxicity

7‐day Oral Toxicity 
(OECD TG 407)

NO ADVERSE 
EFFECTS

Cytotoxicity In Co‐
Culture Model

NO ADVERSE 
EFFECTS

14‐day Oral Toxicity 
(OECD TG 407)

NO ADVERSE 
EFFECTS

Barrier Integrity Over 
7‐days

NO ADVERSE 
EFFECTS

Sub‐chronic Oral Rat Toxicity Oxidative Stress NO ADVERSE 
EFFECTS

90‐day Oral Toxicity 
(OECD TG 408)

NO ADVERSE 
EFFECTS

Inflammation NO ADVERSE 
EFFECTS

• Fibrillar/Crystalline Celluloses behave 
similarly to conventional cellulose and 
raises no safety concerns when used as 
a food ingredient at 4% of diet;

• Seek GRAS status with FDA allows use 
in food and food contact applications.

• CNs behave similarly to conventional 
cellulose; supporting evidence for use in 
food;

• Baseline measurements for examining 
potential impact of future 
functionalizations on toxicity. 



CN SAFETY STUDIES

Endpoint Result

Inhalation

Acute Inhalation

Chronic Inhalation

Oral

Acute Oral Toxicity

Repeated Dose (Acute)

Repeated Dose (Sub‐chronic)

Dermal

Skin Irritation/Corrosion

Skin Sensitization

Eye Irritation

Genotoxicity

Bacterial Assay

In vitro Genotoxicity

In vivo Genotoxicity

Human Health

No adverse effects found; 
standardized testing

No adverse effects found in initial studies; 
additional testing required

No data

Endpoint Result

Biodegradation
Aerobic degradation
Anaerobic degradation
Environmental Toxicity
Aquatic Plants
Bacteria
Aquatic Invertebrates (Acute, 
Chronic)

Fish (Acute, Chronic)

Environment



NEXT STEPS

1. Safer‐By‐Design Manufacturing Toolbox
• Survey of surface modifications
• Select target functionalizations
• Methods development
• Alternative testing strategy
• Read across to toxicity data for unmodified materials
• Develop data sets/share
• Standardize methods for next generation
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INTERDISCIPLINARY APPROACH TO SAFER BY DESIGN TOOLBOX



•Publish methods
•Sample preparation 
•Testing procedures
•Pursue international standards 
for Alternative Testing Strategy

• Compare functionalized to 
unmodified CNs

• Testing across Product Life 
Cycle

• Methods for testing other 
novel forms

•Application‐specific Alternative 
Testing Strategy 
•Combine Standard and novel 
assays
•Ex vivo/ in vitro
•Phys/chem data

•Conduct Survey of Users and 
Researchers
•Identify Project Partners for 
source materials
•Produce materials

Select 
Targets

Develop 
Methods

Standardize 
Methods & 
Generate 
Toolbox

Conduct 
Testing

SAFER MANUFACTURING TOOLBOX STRATEGY



2020 VIREO SURVEY – WHICH FUNCTIONALIZED
FORMS LIKELY TO BE COMMERCIAL IN 3 YEARS?

Materials 24 % Functional groups 30 % Applications 23 %
CNF 11 46% TEMPO oxidized 8 27% Packaging (barrier, film 8 35%
CNC 11 46% Carboxylated 6 20% Polymer and Composit 6 26%
Hairy cellulose 1 4% Alkylated 4 13% Metal ion absorbant 3 13%
Chitin 1 4% Cationic 3 10% Coatings 2 9%

Sulfated 3 10% Similar to cationic starc 2 9%
Carboxylmethylated 2 7% Drilling mud 1 4%
Neutral hydroxyl 1 3% Cosmetics 1 4%
PEG 1 3%
Phosporylated 1 3%
CN-NCO or CN-R-C= 1 3%

Commercial potential within 3 years



Surface Functionalization Variables



Safer Manufacturing Alternative Testing Strategy 

14



PUBLICATIONS TO DATE
1. Ede, J.D.; Ong, K.J.; Mulenos, M.R.; Pradhan, S.; Gibb, M.; Sayes, C.M.; Shatkin, J.A. Physical, chemical, and toxicological characterization of sulfated cellulose nanocrystals for food‐related 

applications using in vivo and in vitro strategies. Toxicology Research, 2020 December. https://doi.org/10.1093/toxres/tfaa082

2. Ong, K.J, Ede, J.D., Pomeroy‐Carter, C.A., Sayes, C.M., Mulenos, M.R., Shatkin, J.A. (2020) A 90‐day dietary study with fibrillated cellulose in Sprague‐Dawley rats. Tox Rep 7: 174‐182. DOI: 
10.1016/j.toxrep.2020.01.003.

3. Gibb M, Pradhan S.H., Steele L.R, Mulenos M.R, Lujan H, Ede J.D, Ong K.J, Shatkin J.A., Sayes C.M. (2020) Characterization of an Intestinal Co‐culture System: Seeding Density Matters. 
FASEB J. Submitted. Ong, KJ, Ede, JE.  Cassidy A. Pomeroy‐Carter, CA, Christie M. Sayes, CM, Marina R. Mulenos, MR, and JA Shatkin. 2020. A 90‐day dietary study with fibrillated cellulose in 
Sprague‐Dawley rats. Toxicology Reports. Accepted for publication. 

4. Pradhan, S, George, M, Steele, L, Gibb, M, Ede, JD, Ong, KJ, Shatkin, J, Sayes, CM. 2020. Physical, chemical and toxicological characterization of fibrillated forms of cellulose using an in vitro 
gastrointestinal digestion and co‐culture model. Toxicology Research Submitted. 

5. Ede JD…Shatkin JA et al (2019) Risk Analysis of Cellulose Nanomaterials by Inhalation: Current State of Science, Nanomaterials. 9(3):337. https://doi.org/10.3390/nano9030337 .

6. Roberts R…Shatkin JA (2018) Collection of airborne ultrafine cellulose nanocrystals by impinger with an efficiency mimicking deposition in the human respiratory system. J Occup Environ 
Hygiene  DOI: 10.1080/15459624.2018.1540876

7. Foster EJ…Ong, KJ…zShatkin JA, et al. (2018) Review: Current characterization methods for cellulose nanomaterials. Chem Soc Rev. 47(8):2609‐2679. DOI: 10.1039/C6CS00895J

8. DeLoid et al. (2017). An integrated methodology for assessing the impact of food matrix and gastrointestinal effects on the biokinetics and cellular toxicity of ingested engineered 
nanomaterials. Particle and Fibre Toxicology 2017 14:40. 

9. Ong KJ, Shatkin JA et al.(2017). Establishing the safety of novel bio‐based cellulose nanomaterials for commercialization. NanoImpact, (6): 19‐29. 
https://doi.org/10.1016/j.impact.2017.03.002 

10. Shatkin, J.A., Ong, K.J., Ede, J.D., Wegner, T.H., Goergen, M. (2016). Toward Cellulose Nanomaterial Commercialization: Knowledge Gap Analysis for Safety Data Sheets According to the 
Globally Harmonized System. TAPPI Journal. 15:425.

11. McClements, D.J., DeLoid, G., Pyrgiotakis, G., Shatkin, J.A.,  Xiao, H., Demokritou, P. (2016). "The role of the food matrix and gastrointestinal tract in the assessment of biological properties 
of ingested engineered nanomaterials (iENMs): State of the science and knowledge gaps". NanoImpact, July 2016. (3‐4); 47‐57. http://dx.doi.org/10.1016/j.impact.2016.10.002

12. Shatkin J.A. and G. Oberdörster. 2016. Comment on Shvedova et al. (2016), “Gender differences in murine pulmonary responses elicited by cellulose nanocrystals”. Particle Fibre Toxicol
13:59 https://doi.org/10.1186/s12989‐016‐0170‐4

13. Shatkin, J.A. and B. Kim. (2015). Cellulose Nanomaterials: Life Cycle Risk Assessment, and Environmental Health and Safety Roadmap Environmental Science: Nano, (2):477‐499. DOI: 
10.1039/C5EN00059A 15



ACKNOWLEDGEMENTS
P3Nano, the U.S. Endowment for Forestry and Communities and 
the USDA US Forest Service Forest Product Laboratory (FPL).

AFSAC partners  

Our Collaborators, especially: 
Dr. Christie Sayes and the team at Baylor
Jeff Gilman, Jeremiah Woodcock, NIST
Douglas Fox, American University

The Vireo 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.

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. 
He is ANSI Co-Chair 
and participates in 
ISO TC229 and 
other international 
safety committees.

Jerry Liu and Megan Roberts are interns and 
Ph.D. Students at the University of Toronto

Ana Diges is an intern and recent 
UW-Madison Graduate in Materials 
Science and Engineering  

Patricia 
Hodgkinson is 
Vireo’s research 
consultant with a 
background in 
Food Policy law.  

THE TEAM AT VIREO

WE’RE ALWAYS LOOKING FOR NEW TALENT TO JOIN OUR
TEAM!! 
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THANK YOU!
Jo Anne Shatkin, Ph.D.
JAShatkin@VireoAdvisors.com

FIND US ON TWITTER AND LINKED IN @VIREO_ADVISORS
WWW.VIREOADVISORS.COM/BLOG


