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Green chemistry 
is  the design of 

products and 
processes that 

reduce or 
eliminate the 

use or 
generation of 

hazardous 
substances.! 

#3.  Less hazardous 
chemical syntheses 
#4. Design safer 
chemicals and products 
#5 Use safer solvents 
and auxiliaries 
#10 Design chemicals 
and products to 
degrade after use 
#12. Minimize the 
potential for accidents 

12 Principles of Green Chemistry   
focus on reducing inherent hazard 

Risk = ƒ(Hazard, Exposure)  
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Chemical Functionality 

•  The functionality of a 
chemical is the job it 
performs in a 
formulation, material or 
product;  
– Function is related to 

chemical structure and 
physical chemical 
properties 

•  Functional use classes for 
cleaning products: 
–  Surfactants 
–  Solvents 
–  Chelating & sequestering 

agents 
–  Fragrances 
–  Colorants 
–  Preservatives 
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Informed Substitution and The Continuum 
of Improvement 

Of Concern Improved Safer 

Characteristics of 
Ingredient of 

Concern 
(HIGH) 

Characteristics of 
Improved 
Ingredient 

(MODERATE) 

Characteristics of 
Safer Ingredient 

(LOW) 
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DfE Alternatives Assessment Partnerships 

1.  Final Report includes: 
–  Background – functional use, life-cycle 

and exposure considerations 
–  Comprehensive chemical hazard 

profiles and hazard summary table  
2.  Currently addresses USEPA Action Plan 

Chemicals 
–  Action Plan Chemicals currently 

include: BPA in thermal paper; 
decaBDE, HBCD, phthalates, NPEs 

–  See: DfE Alternatives Assessment 
Criteria for Hazard Evaluation* 

First DfE AA Partnership:  Alternatives to penta-BDE in Furniture Foam 

*http://www.epa.gov/dfe/alternative_assessments.html 6 



DfE Hazard Summary Table 4-1:  Hallmark of 
Chemical Hazard Assessment (CHA) 

7 
Note*:  The above table is not based on the new DfE Alternatives Assessment for Hazard Criteria 

* 



Need a Structured Decision Logic 

Don t just count H s (or M s or L s) ….. 
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Origins of the GreenScreen™  
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What is the Green Screen?  

•  Comparative Chemical Hazard Assessment approach 
(CHA) developed by Clean Production Action 

•  Builds on the DfE Alternatives Assessment and 
Safer Product Criteria approach 

•  Considers 18 environmental and human health 
endpoints; 
•  Addresses constituents and breakdown products  

•  Evaluates chemical hazards for an overall chemical 
score (Benchmark 1 - 4) 

•  GreenScreen™ v 1.2 launched October 2011 
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All supporting resources at:  http://www.cleanproduction.org/Greenscreen.v1-2.php 

Publicly Accessible,  Transparent, Peer- 
Reviewed and Reproducible 
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How It Works 

1.       Assess and Classify Hazards  

2.       Apply the Benchmarks 

3.       Make Informed Decisions 
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Step 1: Assess & Classify the Hazards 
GreenScreen v 1.2 Hazard Endpoints 

 

Human Health 
Group I 

Human Health Group II Environmental  
Toxicity & Fate 

Physical Hazards 

 

Carcinogenicity 
 

Acute Toxicity Acute Aquatic 
Toxicity 

 

Reactivity 

Mutagenicity & 
Genotoxicity 

Systemic Toxicity & Organ 
Effects 

Chronic Aquatic 
Toxicity 

Flammability 

Reproductive 
Toxicity 

Neurotoxicity Other Ecotoxicity 
Studies when 

available 

Developmental 
Toxicity 

Skin Sensitization  

Persistence 
Respiratory Sensitization  

Endocrine Activity Skin Irritation Bioaccumulation 
Eye Irritation 



Where did the Hazard Endpoints 
Come From? 

Primary Source of Hazard Endpoints 

•  GHS – Globally Harmonized System of Classification and Labelling 
of Chemicals 

•  USEPA Design for the Environment Program Alternatives 
Assessment Criteria for Hazard Evaluation 

•  USEPA New Chemicals Program 

•  OECD Screening Information Data Sets (SIDS) 

Notable Additions 

•  Endocrine Activity 

•  Physical Hazards 

•  Prioritization of Human Health Effects for Benchmarking 

•  Inclusion of feasible transformation products 
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GreenScreen v 1.2 Hazard Criteria 



Step 1: Classify the Hazards 
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Step 2: Apply the Benchmarks to the Hazard 
Classifications 

ç    Aligned with  
Regulatory Drivers 
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Step 2: Apply the Benchmarks 
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Step 3: Make Informed Decisions 

•  Compare results by functional use (e.g. 
flame retardants, plasticizers, etc.) 

•  Need toxicology expertise to do a GS 
assessment, but resulting scores can be 
applied by those without toxicology 
expertise (e.g. engineers, purchasers) 
–  Hazard table allows users to 

consider specific concerns (worker 
EHS, specific exposure routes) 

•  Drives wider adoption of preferred 
materials 
–  Preferred material lists 
–  New product development  

Benchmark 2 alternatives 

Benchmark 1 alternatives 

Benchmark 4 alternatives 

Benchmark 3 alternatives 
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GreenScreen™  
Application Highlights   

Step 3: Make Informed Decisions 
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GREENSCREEN™ 

      

HP is the world s leading practitioner of  the 
GreenScreen™ tool.  

!HP has committed to replace restricted 
substances only with materials that are better 
for the environment and human health, and 

when there is sufficient assurance of  
required volumes and we have enough time 
to design and qualify the new material into 

the product. To assess alternative 
replacement materials we now use the 

GreenScreen, a hazard-based assessment 
framework developed by the 

nongovernmental organization Clean 
Production Action."

HP s Global Citizens Report 



•  Key screening tool that Hewlett Packard (HP) uses for 
alternatives assessment when replacing  
a restricted substance 

•  Enables identification of better  
materials, not just minimum acceptable 

•  Green Screen results are only part of decision, but 
initial hazard screening deselects certain options early 
in assessment process 

•  HP continues to use Risk Assessment, LCA, and 
Carbon Footprint tools to complement 
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GreenScreen™ for Assessing Replacements for 
Restricted Substances in Electronics 
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ROHS – And More Regulations Are Coming 

• Substance restrictions are now 
a major class of regulation for 
finished electronic and other 
products 

–  More substances 
–  More jurisdictions 
–  More reporting 
–  Alternatives assessments may 

be required 
23 

ROHS 
EU Directive 2002/95/EC on the 
Restriction of the Use of certain 

Hazardous Substances in 
Electrical and Electronic 

Equipment 
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How Many Companies Implement 
RoHS Restrictions 

• Look for substances that are legal 
– All unregulated substitutes  
equally acceptable 

 
• Base material selection only on: 

–  Cost 
–  Function 
–  Reliability  
–  Manufacturability 

 

24 

24 



Business Case for Choosing Low Hazard 
Materials 

•   Replacing materials is expensive 
–  Want to select alternatives that will 

not be restricted in the future 
•  Replacements should have lower 

environmental impact 
–  Avoid unintended consequences 
–  Identify preferable materials (not 

just minimally acceptable) 

25 
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HP’s PVC-Free Power Cord  
GreenScreen™ Program 

1.  HP started GreenScreen™ program as a 
small pilot to learn what works 

2.  For PVC alternatives, screening was made 
mandatory, in addition to all standard and 
regulatory requirements 

•  100% of PVC-free power cords screened 
by suppliers and HP 

•  Requires full disclosure under CDA 
•  Several approved (> BM1) 

•  CHA used as a feature along with cost, 
performance, risk assessment, LCA, etc. 
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•  Supplier of halogen and phthalate-free products that meet 
performance and regulatory requirements 

•  PolyOne GLS engaged with GreenScreen via relationship with HP  
•  Learned from it, and will continue to use the GreenScreen process to 

develop cleaner, greener products going forward as part of their 
corporate responsibility 

 
“The more you know about what you are putting into your products, the 

more likely you are to make better choices in product development” 
Jonathan Plisco, PolyOne 27 



Worker Exposure and Intended Use 
•  GreenScreen is intended to inform decision-making 

but not to replace it! 
•  Risk management must always be applied – even for 

Benchmark 4 chemicals. 
•  Examples: 

1.  Worker Exposure. If the use of a chemical is known to lead to worker 
exposure via inhalation, then it is important to ensure that inhalation 
data are provided in the GreenScreen report -- even if a Benchmark 
score can be assigned without it. 

2.  Intended Use. A chemical may have a relatively high Benchmark 
score, such as a Benchmark 3.  But if the chemical is intended for an 
eye wash, and the hazard associated with the chemical is eye irritation, 
then it not likely to be a good choice. 



Concluding Thoughts 

•  Chemical hazard assessment (CHA) is increasingly important for identifying 
safer chemicals and materials for business and regulatory purposes 

•  Material selection is not just about cost and performance 
–  Chemical hazard is being perceived as a quality feature  
–  The presence of hazardous chemicals in a material or product can be 

considered a defect – especially if it leads to regulatory risk 
•  There is a need for a CHA method that is science-based, publicly accessible, 

comprehensive, reproducible and based on best national and international 
precedents and practices 
–  The GreenScreen builds on the USEPA DfE approach.  It supports the 

identification of safer chemicals and materials for use in product design 
and development and to meet emerging regulatory requirements 

•  CHA can complement risk assessment and life-cycle assessment; it will 
never replace the need for such additional tools. 

•  Next GreenScreen training (see next slide) 
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