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PFAS is Persistent and 
Difficult to Remove Once it 
is in the System

PFAS in Food Packaging 

Image from Department of Toxic Substances Control (2020).
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Paper

Plastic

3D Molded Fiber

2D Paper

Plastic Films

Solid Plastic

Material Type Shape Prevalence/Level of PFAS

High/High

Moderate/Variable

None

None



Table from Dickman, et al. (n.d.).  Packaged in Pollution: Are food chains using PFAS in packaging? 
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Of the packaging tested, 
100% of molded fiber 
containers contained and 
showed the highest levels 
of fluorine



PFAS dominates Wet End Processing
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Wet-end phase 

Image from Didone et al. (2017)

Molding machine

Dry-end phase



Molded Fiber could 
close the loop

◍ Marketed as a plastic 
replacement

◍ But not truly compostable 
due to PFAS

◍ The industry needs 
solutions that eliminate 
PFAS while moving toward 
greater degradability
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11. Compost

Image from Northdene Media Centre

https://northdenemediacentre.wordpress.com/2017/03/06/why-we-should-recycle-paper/


Food Type

Temperature Room Temp Hot Hot

Water Content Medium Low Medium

Oil Content Low High Medium

Food Served in Molded Fiber 
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Images from Shopify, Fast Company, BrenMarco 

https://cdn.shopify.com/s/files/1/0586/2193/products/PLA19__41_R_d8f756ae-f01e-4d68-812b-205bf32a94c9_grande.jpg?v=1574283722
https://images.fastcompany.net/image/upload/w_1153,ar_16:9,c_fill,g_auto,f_auto,q_auto,fl_lossy/wp-cms/uploads/2020/03/p-2-90472838-sweetgreen.jpg
https://www.brenmarco.com/wp-content/uploads/2020/10/takeout-fiber-tray-for-meals-620026-1.jpg


A replacement for PFAS among molded fiber...
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Is compostable
Plant or biologically 

sourced

Provides a barrier 
property

Either water or oil

Is less hazardous 
than PFAS
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Cellulose pulp

11. Compost

13

Extracted plant 
waste

& Molds

Cellulose pulp

11. Compost

& Molds

Category 1: 
Alternatives Added to the Paper System

Category 2:
Alternatives Within the Paper System

Image from Northdene Media Centre

https://northdenemediacentre.wordpress.com/2017/03/06/why-we-should-recycle-paper/


Alternatives Added to the 
Paper System
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Cellulose pulp

11. Compost

Small molecules added to bind to 
cellulose pulp

Solutions:
◍ Rhamnolipids
◍ Pectin

Derived from plants or microbes

& Molds

Image from Northdene Media Centre

https://northdenemediacentre.wordpress.com/2017/03/06/why-we-should-recycle-paper/


RHAMNOLIPIDS
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Source / Manufacture Key chemical 
characteristics

Expected mechanism 
of action at wet-end

Biodegradable?

microbes, typically 
Pseudomonas

hydrophilic head and 
hydrophobic tails

Head groups bind to 
hydroxyl groups of 
cellulose, with 
hydrophobic tails 
extending out

Yes

Image from Dennis Kunkel Microscopy, and Kelly Chou

PFAS Surfactants in Molded Fiber

http://2018.igem.org/Team:Tongji_China/P.A.


Rhamnolipids
Incorporation Mechanism
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Enters Molded Fiber Production 
from Wet End

2N HCl Ethyl 
Acetate

Extraction from 
Pseudomonas Bacteria

Image from Çakmak et al. (2017), Didone et al. (2017) 

Molding machine



PECTIN
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Source / Manufacture Key chemical 
characteristics

Expected mechanism 
of action at wet-end

Biodegradable? 

Biopolymer found in 
ripening fruits

Reduces fiber porosity, 
and increase barrier 
properties.

Cross-linking to reduce 
cell porosity

Yes

PECTIN

Plums contain pectin

Image from Molecular Expressions, Gardening Know How

https://micro.magnet.fsu.edu/cells/plants/cellwall.html
https://www.gardeningknowhow.com/edible/fruits/plum/president-plum-tree-info.htm


Pectin
Incorporation Mechanism
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Extraction from 
cell wall of plants

Cross-linkage with Ca2+ 
cations forming hard gels

Ca2+

Image from Health Jade, and Didone et al. (2017) 

Molding machine

Enters Molded Fiber Production 
from Wet End

https://healthjade.net/pectin/
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Cellulose pulp

11. Compost

Alternatives Within the Paper 
System
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Extracted plant 
waste

Solutions:
◍ Nanocellulose
◍ Lignin

Materials normally wasted 
could be reutilized 
Potential for reduced cost

& Molds

Image from Northdene Media Centre

https://northdenemediacentre.wordpress.com/2017/03/06/why-we-should-recycle-paper/
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Source / Manufacture Key chemical 
characteristics

Expected mechanism 
of action at wet-end

Biodegradable?

Recycled or newly 
manufactured 
cellulose

Improves rigidity and 
reduces water uptake 
of cellulose

Cross-linking to 
reduce cell porosity

yes

CRYSTALLINE NANOCELLULOSE

Image from Bhat, et al., (2017)
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Enters Molded Fiber 
Production from Wet End

Acid treatment

Bulk pulp Nano-
crystals

Crystalline Nanocellulose
Incorporation Mechanism

Low dose dispersing agent

Image from Bhat et al. (2017) and Didone et al. (2017)

Molding machine



LIGNIN
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Source / Manufacture Key chemical 
characteristics

Expected mechanism 
of action at wet-end

Biodegradable?

Waste from Paper 
Industry (and ethanol 
production)

Organic polymer that 
improves rigidity, 
thermal stability 

Once evenly 
dispersed, binds with 
and cross-links 
cellulose fibers

Yes

Image from Becker et al. (2019), and Luong et al. (2012) 



Lignin 
Incorporation Mechanism

Extraction from Waste

Enters Molded Fiber Production 
from Wet End

CO2 Acid treatment 
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+ Ionic Liquid, Xylan & other 
cellulose derivatives 

Molding machine

Image from Didone et al. (2017), and Luong et al. (2012) 
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What properties of performance do we desire?

● Barrier properties

● Surface properties

● Thermal properties

● Chemical Properties

● Mechanical Properties

● End-of-life properties

Image from Tian et. al. (2018) and US EPA
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Our Baseline: PLA

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Rhamnolipid Data Partially Sourced from Proxy

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Data Source Varies

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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 Ranking is Relative 

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Application of Data Source

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Barrier Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap

PFOA water contact angle: ~160˚
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Surface Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Thermal Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Chemical Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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End-of-Life Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap
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Mechanical Properties

Rankings are relative to each other: Ideal Moderate Non-ideal DG = data gap



Hazard screening approach: modified GreenScreen
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Group I endpoints: 
Carcinogenicity 
Mutagenicity 
Reproductive Toxicity
Developmental Toxicity

Group II and II* endpoints: 
Acute mammalian toxicity (all 
routes)
Systemic/organ toxicity 
Neurotoxicity 
Skin sensitization
Respiratory sensitization
Skin irritation
Eye irritation
* - indicates repeated exposure

Ecotoxicity and 
environmental fate
Acute and chronic aquatic 
(and terrestrial) toxicity 
Persistence 
Bioaccumulation



Evaluating toxicities, step-wise:
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Assign 
GreenScreen 
hazard score

Determine 
confidence level

Turn into 
category score 
(1-4) and code

Hazard 
information 
collection 

Create overall 
composite 
scores

Faludi, et al. (2016) for scoring 
methods and composite scores



Selecting baseline compounds that represent existing 
hazards
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Selecting baseline compounds that represent existing 
hazards
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Italic = Low confidence  Bold = High confidence



Pectin and rhamnolipids are safer alternatives for 
Group I, II, and environmental endpoints.
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Italic = Low confidence  Bold = High confidence



Lignin is a benign compound.
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Italic = Low confidence  Bold = High confidence



Crystalline nanocellulose require further health evaluation, but 
preliminary assessment indicates significant reductions in hazards
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Italic = Low confidence  Bold = High confidence



Safer, but not perfect, alternatives
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In terms of safety, proposed 
solutions are much safer 
than fluoropolymer 
mixtures, with 
some/minimal tradeoffs

Improvements in 
environmental safety and 
performance for many safer 
alternatives

Data gaps and low 
confidence scores indicate 
opportunities for research, 
specifically on endpoints 
related to oral ingestion if 
solution(s) were adopted as 
food packaging additives.



Per- and polyfluoroalkyl substances in food packaging

Our Scope: Molded Fiber

Alternatives to PFAS Added to the Paper System

Alternatives to PFAS within the Paper System

Technical & Hazard Assessments

Recommendations and Next Steps

46

Roadmap



Possible 
Alternatives

Food Type

Temperature Room Temp Hot Hot

Water Content Medium Low Medium

Oil Content Low High Medium
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Images from Shopify, Fast Company, BrenMarco 

Possible Usage of Alternatives

Pectin
Rhamno

lipids
Nano

cellulose
LigninPectin

Nano
cellulose

LigninRhamno
lipids

Nano
cellulose

Lignin

https://cdn.shopify.com/s/files/1/0586/2193/products/PLA19__41_R_d8f756ae-f01e-4d68-812b-205bf32a94c9_grande.jpg?v=1574283722
https://images.fastcompany.net/image/upload/w_1153,ar_16:9,c_fill,g_auto,f_auto,q_auto,fl_lossy/wp-cms/uploads/2020/03/p-2-90472838-sweetgreen.jpg
https://www.brenmarco.com/wp-content/uploads/2020/10/takeout-fiber-tray-for-meals-620026-1.jpg


Improving the search for greener solutions in 
molded fiber technology
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Product testing and toxicity 
research on promising 

wet-end PFAS alternatives 

Identify greener functional 
additives for traditional 

processes

A common language 
facilitates the search for 

greener solutions
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