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Seed funding from the EPA National 
Estuary Program and the Bullitt 

Foundation to develop an independent 
center; Initial operations and 

management to independence through 
June 2016 via contract with TechLaw, Inc.

Our mission is to enhance human 
and environmental health by 

fostering innovation and 
economic opportunities through 
sustainable and green chemistry 

and engineering solutions.



How can we reduce both waste and 
toxic chemicals across the life cycle?

Maximize resource 
efficiency

Eliminate & minimize 
hazards & pollution

Design systems 
holistically & use life 

cycle thinking 

http://www.acs.org/content/dam/acsorg/greenchemistry/resources/2015-gci-design-principles.pdf



NGC Focuses on Growing the Supply: 
Three Approaches

1. Harvest the best existing options
2. Cultivate existing options
3. Plant and nurture new options



Need nice cover slide with 
photos

Washington State Antifouling 
Boat Paint Alternatives Assessment



Chapter 70.300 RCW, Recreational Water 
Vessels-Antifouling Paints

• Beginning January 1, 2018, no new recreational boats under 65 
feet may be sold in the state of Washington if their bottom paint 
contains copper.

• Beginning January 1, 2020, no bottom paint that contains more 
than 0.5% copper may be sold for application to recreational 
boats under 65 feet in the state of Washington.

http://apps.leg.wa.gov/Rcw/default.aspx?cite=70.300&full=true



Why do an alternatives assessment?

Alternatives Assessment: process for identifying and comparing 
potential chemical and non-chemical alternatives that can be 
used as substitutes to replace chemicals or technologies of high 
concern.  (IC2 AA Guide)

Saves $$$ & time Prevents Regrettable Substitutions



Five Steps: Alternatives to Copper-
based Antifouling Boat Paint

Copper is being phased out by law in 
order to protect the environment.

If we simply eliminate copper from 
copper-based paints, will they still work?  
No.

Formal stakeholder process:  Identify 
stakeholders and seek their input.

Decision Framework:  Hazard-
first sequential framework.

Ensure comprehensive coverage of key 
categories and types with input from 
stakeholders.

Assess alternatives with input and 
assistance from stakeholders.



What modules will we assess?

Hazard

Performance

Cost and 
Availability

Comparative 
Exposure

Other 
requirements

What are the inherent human and environmental hazards of the chemicals 
in the product? 

How well do the products perform?  What are the maintenance 
requirements?  How do the products work?  In WA waters?

Are the products available in Washington?  How much 
do they cost?  How much does maintenance cost?

Are there any hazardous exposure 
differences between these products?

Chemicals of Concern (CoCs) to 
Boatyards, VOCs, and known 
CoCs to Puget Sound



Potential 
stakeholdersFormulators

Boatyards

Recreational 
boat owners

Trade 
associations NGOs

Government 
representatives

Academia

Others?
Divers

Retailers

Step 3:  Stakeholder Engagement



Stakeholder Call #1
28 September 2016 at 10 PT

Do we have the right stakeholders?
• Audience of almost 50 stakeholders recommended 

another dozen.

Do we have the right products?
• Yes.

How do we improve data completeness?
• Stakeholders recommended third-party disclosure of 

formulations.



Step 4:  Identify Alternatives
Ensuring coverage of key copper-free antifouling technology 

categories

Antifouling Mechanisms

Biocide

Emerging Zinc 
based

Only Zinc Zinc + 
Econea

Zinc + 
Seanine

Econea
only

Non-biocide

Emerging Ultra-
sound

Foul 
Release

Ceramic Fluoro-
polymer Silicone Polymer/

Wax
Photo-
active

Epoxy/ 
other

Major & Regional 
Companies

Hull-type 
Compatibility

Stakeholder 
RecommendationsDisclosure
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Ultrasonic

Biocidal Non-biocidal

Ceramic

Fluoro-
polymer

Silicone

Polymer/Wax
Photoactive

Epoxy

1. ePaint Ecominder
2. Pettit Hydrocoat Eco
3. Pettit Alumaspray Plus
4. Sea Hawk Mission Bay
5. West Marine CFA Eco
6. Interlux Micro CF
7. ePaint SN-1 
8. Interlux Pacifica Plus
9. Pettit Ultima Eco
10. Sea Hawk Smart Solution

11. UltraSonic Antifouling
12. CeRam-Kote 54 SST
13. Rugged Coatings
14. Interlux Intersleek Pro
15. Hempasil X3+ 87500
16. Oceanmax Propseed
17. Aurora VS721
18. ePaint EP21
19. Aquaply M
20. Hempadur Quattro XO 17870

Existing Product List



Emerging Product List
• Biocide

– Medetomidine (Selektope)
– Capsicum
– Aequor

• Non-biocide
– Hull-covering tarps
– Small molecules (Aequor)
– Novel polymers
– Biomimicry

Emerging Product List

If you would like to recommend additional 
emerging products or technologies, please 
email us at: 
cuboatpaint@northwestgreenchemistry.org



OTHER REQUIREMENTS MODULE

• Boatyards monitor 
copper, zinc, and lead

• Report which products 
contain these 
chemicals, % formula

CoCs to 
Boatyards

• Volatile Organic 
Chemicals (VOCs) are a 
large concern in paints

• Report “no” or “low” 
VOC, report total VOC 
Content

VOCs

• List of 17 known 
chemicals of concern 
(CoCs) to Puget Sound

• Report presence, % 
formula

CoCs to 
Puget Sound



HAZARD
General Approach

Identify 
Chemical 

Ingredients

Assess 
Ingredients for 

Inherent Hazard

Evaluate the 
Hazard Profile 
of the Product



How do we assess human and/or 
environmental hazard?



Crowdfunding QCATs
toxnot.com



Hazard, Exposure &
Life Cycle
Considerations

Individual 
chemicals made

Formulation of 
chemicals into 

paint
Paint applied

Paint peels, 
sloughs, is 
scraped off

Boat 
enters 
water

Solvents
evaporate

Monomers react
to form polymers,
oligomers

Actives
Solvent
Monomer/reactive
Polymer/final product
Other chemical ingredient



Which chemicals matter most for
human & environmental hazards?

• HUMAN:  Chemicals on the ingredient list:  Worker/human 
hazard primarily

• Actives
• Solvent
• Monomer/reactive
• Other chemical ingredient

• HUMAN, secondary:  Humans recreate (swim, dive, fish) near 
boats in the water.

• ENVIRONMENT:  Chemicals on the boat in the water:  Aquatic 
hazard primarily

• Actives
• Polymer/final product
• Other chemical ingredient

• ENVIRONMENT, secondary:  Accidents happen.  Solvents and 
monomers/reactive chemicals must also be assessed.

Actives
Solvent
Monomer/reactive
Polymer/final product
Other chemical ingredient



Need nice cover slide with 
photos

Washington State Antifouling Boat Paint Alternatives
Assessment Stakeholder Meeting #2

11/18/2016, 10:00 AM – 11:30 AM PT



Green Marine Products:  Dock 
fenders and boat paints

December 7th, 10 AM – 11 AM PT (1 PM – 2 PM ET)
Peter Schrappen (Clean Boating Foundation & NW Marine Trade Association)

Andries Breedt (Breedt Production Tooling & Design)
Amelia Nestler (Northwest Green Chemistry)

Register at www.northwestgreenchemistry.com/upcoming-webinars.html

UPCOMING 
WEBINAR

http://www.northwestgreenchemistry.com/upcoming-webinars.html


Contact
Lauren Heine, Ph.D.

lheine@northwestgreenchemistry.org
Amelia Nestler, Ph.D.

anestler@northwestgreenchemistry.org
www.northwestgreenchemistry.org

mailto:lheine@northwestgreenchemistry.org
mailto:anestler@northwestgreenchemistry.org


Crowdfunding QCATs
TEOS, Dibutyltin

TEOS is a versatile form of silicone used as a crosslinking agent, in the manufacture of 
semiconductor chips, and more.  A QCAT could inform future research and development into 
greener and more sustainable uses of silicone. 

Dibutyltin is an organotin compound uses as a catalyst and as a PVC stabilizer.  A QCAT could 
inform future R&D into greener and more sustainable catalysts for the production of 
polyurethane and silicone gels and films, and improved stabilizers for PVC. 



Other:  CoCs to Puget Sound
What are the 17 chemical types?

1. Arsenic
2. Cadmium
3. Copper
4. Lead
5. Mercury
6. Zinc
7. Petroleum-related compounds

• e.g. gas, diesel, jet fuel, motor oil, 
hydraulic fluid

8. PDBEs (Polybrominated diphenyl 
ethers)– flame retardants

9. Phthalates

10. PCBs (Polychlorinated biphenyls)
11. DDT 

(Dichlorodiphenyltrichloroethane)
12. PCDD/Fs dioxins (polychlorinated 

dibenzo-p-dioxins and 
polychlorinated dibenzofurans)

13. Triclopyr
14. Nonylphenol
15. to 17.  PAHs (Polycyclic aromatic 

hydrocarbons)
• Low molecular weight, carcinogenic, 

and other high molecular weight.

http://www.ecy.wa.gov/puget_sound/toxicchemicals/effects.html
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