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Safe	  Chemicals	  in	  Society	  

•  Aspira6onal	  goal	  now	  demanded	  by	  society	  

•  Focus	  now	  on	  how	  to	  benchmark	  progress	  on	  the	  
roadmap	  to	  green	  chemistry	  

•  	  Effec6ve	  to	  iden6fy	  the	  ideal	  and	  backcast	  from	  there	  
–  	  (e.g.,	  Sweden’s	  16	  Environmental	  Quality	  Objec6ves)	  



Challenge	  of	  Integra<ng	  the	  CA	  GCI	  
Recommended	  Policy	  Ac<ons	  

1.  Expand	  Pollu6on	  Preven6on	  and	  product	  stewardship	  
programs	  to	  more	  business	  sectors	  

2.  Develop	  Green	  Chemistry	  Workforce	  Educa6on	  and	  Training,	  
Research	  and	  Development	  and	  Technology	  Transfer	  

3.  Create	  an	  Online	  Product	  Ingredient	  Network	  
4.  Create	  an	  Online	  Toxics	  Clearinghouse	  
5.  Accelerate	  the	  Quest	  for	  Safer	  Products	  
6. Move	  Toward	  a	  Cradle-‐to-‐Cradle	  Economy	  



Replacing	  Toxics	  within	  a	  Complex	  System	  
Needs	  Clear	  Transparent	  Decision	  Making	  

Products 
Materials 

Chemicals 



Outline	  

1.  Consensus	  views	  on	  EPA’s	  DfE	  Program	  

2.  DfE’s	  decision	  logic	  for	  alterna6ves	  assessment	  approaches	  
–  Focus	  on	  iden6fying	  safer	  alterna6ves	  and	  best-‐in-‐class	  

chemicals	  and	  products	  

3.  Value	  of	  the	  compara6ve	  hazard	  assessment	  approach	  
4.  Sugges6ons	  and	  shared	  challenges	  for	  DTSC	  and	  DfE	  



Consensus	  Views	  on	  EPA’s	  Design	  for	  the	  
Environment	  (DfE)	  Program	  

•  Le_er	  prepared	  for	  Steve	  Owens,	  Assistant	  Administrator	  
for	  the	  Office	  of	  Preven6on,	  Pes6cides,	  and	  Toxic	  
Substances	  (OPPTS)	  and	  delivered	  Sept	  2009	  	  

•  Le_er	  endorsed	  and	  mee6ng	  a_ended	  in	  DC	  by	  20	  
organiza6ons:	  	  

–  6	  NGOs	  
–  3	  Industry	  associa6ons	  

–  2	  Raw	  material	  manufacturers	  
–  9	  Formula6ng	  companies	  and	  OEMs	  



Consensus	  Views	  on	  EPA’s	  Design	  for	  the	  
Environment	  (DfE)	  Program	  

1.   DfE	  Fosters	  a	  Collabora<ve	  Approach	  
–  Provides	  a	  produc6ve,	  posi6ve	  framework,	  inclusive	  of	  diverse	  

perspec6ves	  
–  Works	  to	  iden6fy	  common	  goals	  and	  methods	  and	  to	  synthesize	  

solu6ons	  

2.   DfE	  Encourages	  Innova<on	  
–  Focus	  on	  informed	  subs6tu6on	  and	  con6nuous	  improvement	  	  	  
–  Encourages	  innova6on	  in	  both	  raw	  materials	  and	  products	  	  
–  Valued	  technical	  resource	  for	  small	  formulators	  	  	  

3.   DfE’s	  Science-‐Based	  Approach	  Encourages	  Green	  Chemistry	  
–  Effec6ve	  voluntary	  complement	  to	  regula6ons	  	  
–  Science-‐based	  and	  protec6ve	  of	  human	  health	  and	  environment	  
–  Provides	  unifying,	  authorita6ve	  voice	  with	  aspira6onal	  goals	  and	  criteria	  
–  Can	  be	  used	  to	  	  address	  any	  product;	  regardless	  of	  market	  size	  
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Decision Logic for DfE Approaches  



Evolu<on	  of	  DfE	  Flame	  Retardancy	  Partnerships	  

1.   Flame-‐Retardant	  Alterna<ves	  for	  Furniture	  
Foam	  

–  Alterna6ves	  to	  penta-‐BDE	  phase-‐out	  

2.   Printed	  Circuit	  Boards	  (PCBs)	  
–  TBBPA	  is	  highest	  volume	  brominated	  flame	  
retardant	  used	  in	  printed	  circuit	  boards	  at	  	  	  ~	  
330	  million	  pounds/year	  	  	  

–  Assessment	  includes	  evalua6on	  of	  
combus6on	  by-‐products	  



Development	  of	  DfE	  Compara<ve	  Hazard	  
Assessment	  Table	  4-‐1	  (aka	  “The	  Matrix”)	  



Table	  4-‐1	  (aka	  The	  Matrix)	  

CD EL DD 
KV  

(formerly with DfE;  
now w/ Energy Star) 

MV MK 

KD 

LS 

Chemicals of VERY 
high concern 



Evolu<on	  of	  DfE	  Flame	  Retardancy	  
Partnerships	  

1.   Flame-‐Retardant	  Alterna<ves	  for	  Furniture	  
Foam	  
–  Alterna6ves	  to	  penta-‐BDE	  phase-‐out	  

2.   Printed	  Circuit	  Boards	  (PCBs)	  
–  TBBPA	  is	  highest	  volume	  brominated	  flame	  
retardant	  used	  in	  printed	  circuit	  boards	  at	  	  	  ~	  
330	  million	  pounds/year	  	  	  

–  Assessment	  includes	  evalua3on	  of	  combus3on	  
by-‐products	  based	  on	  end-‐of-‐life	  
considera3ons	  (under	  development)	  



Development	  of	  The	  Green	  Screen	  for	  Safer	  
Chemicals	  

•  Developed	  by	  Clean	  Produc6on	  Ac6on	  (NGO)	  
•  Consistent,	  repeatable,	  scien6fically-‐robust	  

method	  that	  builds	  on	  DfE	  chemical	  
alterna6ve	  assessment	  approach	  

•  Looks	  at	  par6cular	  combina3ons	  of	  hazards	  
for	  an	  overall	  benchmark	  score	  

•  Now	  used	  by	  several	  leading	  OEMs	  and	  State	  
governments	  as	  decision	  making	  support	  tool	  
for	  advancing	  green	  chemistry	  

http://www.cleanproduction.org/Greenscreen.php 



	  	  Roadmap	  Clearly	  Benchmarked	  
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Defines	  the	  ‘Ideal’	  and	  Allows	  Users	  to	  Chart	  
Progress	  

Copyright Clean Production Acton and Lauren Heine Group LLC 

Aim for the Top 
Develop new, greener chemical products  
and processes; prefer chemical products 

 that are fully assessed and that have 
low inherent hazard and life-cycle benefits 

Practice Informed Substitution 
Continual improvement toward chemicals  
with more data and lower inherent hazard 

Bring up the Bottom 
Move away from chemicals of concern 



DfE	  Safer	  Product	  Labeling	  

1)	  Review	  every	  ingredient	  by	  func6onal	  use	  class	  
•  To	  promote	  green	  chemistry	  
•  To	  understand	  toxicity	  

•  Lists	  
-‐  Literature	  
-‐  Analogous	  chemicals	  –	  SAR	  	  

2)	  Review	  formula6on	  as	  a	  whole	  
•  Synergis6c	  effects	  
•  pH	  
•  Performance	  tes6ng	  

3)	  Partnership	  Agreement	  
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Water 

Nonylphenol ethoxylates 

Sodium chloride  

Propylene glycol ethers 

Linear alcohol ethoxylates 

Polymers 

Solvents 

Peroxide 

Borax 
Ethylene glycol ethers 

Tens of thousands of  
chemicals in commerce 

A Stringent Approach for 
Differentiating Products 

Chelating agents 
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Solvents 

Tens of thousands of  
chemicals in commerce 
One approach:  
(1)   Black list chemicals based on 

authoritative lists 

A Stringent Approach for 
Differentiating Products 

IARC 

   ~50 carcinogens 

EU 

~40 carcinogenic,           
mutagenic, reprotoxic (CMR) 

 NTP 

    ~100 carcinogens 
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Tens of thousands of  
chemicals in commerce 
One approach:  
(1)   Black list chemicals based on 

authoritative lists 

A Stringent Approach for 
Differentiating Products 

  These “black list” 
chemicals are only a tiny 
fraction of chemicals in 

commerce 
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Tens of thousands of  
chemicals in commerce 
One approach:  
(1)   Black list chemicals based on 

authoritative lists 

A Stringent Approach for 
Differentiating Products 

  These “black list” 
chemicals are only a tiny 
fraction of chemicals in 

commerce 
(2) Conduct whole-product 

toxicity testing, focus on 
certain endpoints   
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Tens of thousands of  
chemicals in commerce 
One approach:  
(1)   Black list chemicals based on 

authoritative lists 

A Stringent Approach for 
Differentiating Products 

  These “black list” 
chemicals are only a tiny 
fraction of chemicals in 

commerce 
(2) Conduct whole-product 

toxicity testing, focus on 
certain endpoints   

 But more can be done… 
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A Stringent Approach for 
Differentiating Products 

Assess human health and 
environmental endpoints for 
every product ingredient: 
Acute mammalian toxicity 

Carcinogenicity  
Genetic toxicity 
Neurotoxicity 

Repeated dose toxicity 
Reproductive and developmental 

toxicity 
Respiratory and skin sensitization  

Environmental toxicity and fate 
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A Stringent Approach for 
Differentiating Products 

Promotes the greenest possible 
chemistry 

•  Does not allow dilution of  toxicity 
•  Ensures chemicals of  known concern 
are not replaced with problematic but 

poorly understood chemicals 
•  Examines every chemical in the 
context of  its functional class and 

includes 
  Fragrances & colorants 
  Stabilizers & impurities 

  Preservatives 
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DfE:	  	  Demonstra<ng	  the	  Value	  of	  Compara<ve	  
Chemical	  Hazard	  Assessment	  

 Reason	  #1:	  Replacing	  chemicals	  and	  materials	  mul6ple	  6mes	  
is	  extremely	  expensive	  and	  undesirable	  

•  Regulatory	  bodies	  are	  increasingly	  using	  hazard	  as	  a	  
driver	  for	  material	  restric6on,	  so	  hazard	  screening	  is	  an	  
indicator	  of	  future	  restric6on	  

•  Want	  to	  select	  alterna6ves	  that	  won’t	  be	  restricted	  in	  the	  
future	  
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DfE:	  	  Demonstra<ng	  the	  Value	  of	  Compara<ve	  
Chemical	  Hazard	  Assessment	  

 Reason #2: It is necessary to prioritize material substitution 
programs because of the complexity of supply chain 
management and because of finite resources to work on 
these issues 

•  Want to go after the materials that have the most impact 
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DfE:	  	  Demonstra<ng	  the	  Value	  of	  Compara<ve	  
Chemical	  Hazard	  Assessment	  

 Reason #3: It only makes sense to replace materials with 
alternatives that are indeed better with respect to EH&S 

•  Need a way to assess alternatives to ensure that they 
are inherently less hazardous (not just unrestricted) 

•  Want to be able to select into good materials (not just 
unrestricted) 
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DfE:	  	  Demonstra<ng	  the	  Value	  of	  Compara<ve	  
Chemical	  Hazard	  Assessment	  

 Reason #4: Compara6ve	  chemical	  hazard	  assessment	  supports	  
con6nual	  improvement	  

•  Risk	  assessment	  helps	  to	  answer,	  “Is	  it	  safe	  enough?”	  	  	  
•  Compara6ve	  chemical	  hazard	  assessment	  helps	  to	  answer,	  

“Which	  is	  safer?”	  
•  When	  comparing	  chemicals	  for	  a	  similar	  func6onal	  use,	  

reducing	  hazard	  can	  be	  roughly	  equivalent	  to	  reducing	  risk;	  
part	  of	  the	  risk	  assessment	  paradigm	  	  	  
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DfE:	  	  Demonstra<ng	  the	  Value	  of	  Compara<ve	  
Chemical	  Hazard	  Assessment	  

	  Reason	  #5:	  	  Clearly	  defined	  a_ributes	  and	  criteria	  can	  help	  to	  inform	  
suppliers	  about	  what	  their	  customers	  are	  looking	  for	  

•  The	  DfE	  Screens	  for	  Safer	  Chemicals	  (General	  Screen,	  Solvents,	  
Surfactants,	  Chela6ng	  Agents,	  Fragrances)	  define	  what	  
formulators	  need	  from	  their	  suppliers	  for	  DfE	  recogni6on	  

•  Clearly	  defined	  a_ributes	  and	  criteria	  can	  drive	  innova6on	  and	  
green	  chemistry	  challenges	  (CleanGredients)	  

28 
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Decision Logic for DfE Approaches  



Not	  All	  Alterna<ves	  Assessments	  are	  the	  Same	  

•  Consider	  Decision	  Logic	  for	  the	  DfE	  
Approaches;	  	  not	  just	  one	  approach	  

•  Lifecycle	  thinking	  is	  key	  to	  
iden6fying	  criteria	  for	  safer	  
alterna6ves;	  but	  LCA	  may	  not	  be	  

–  Chemical	  hazard	  assessment	  can	  
drive	  green	  chemistry	  and	  
engineering	  	  	  

–  Need	  to	  con6nue	  to	  advance	  
alterna6ves	  assessment	  for	  
chemicals,	  materials,	  and	  ar6cles,	  	  

•  e.g.,	  Cradle-‐to-‐Cradle	  design	  
addresses	  both	  hazard	  and	  
material	  flows	  



1.  DfE	  has	  established	  its	  “brand”	  -‐	  Safer	  chemistry	  AND	  life	  cycle	  
benefits	  –NOT	  safer	  chemistry	  OR	  life-‐cycle	  benefits	  

2.  A	  focus	  on	  informed	  subs6tu6on	  using	  chemical	  hazard	  
assessment	  to	  iden6fy	  safer	  alterna6ves	  based	  on	  func6onal	  use	  
is	  effec6ve	  and	  valued	  by	  many	  in	  industry	  and	  NGOs	  

3.  Methods	  have	  been	  developed	  to	  iden6fy	  not	  only	  safer	  
alterna6ves	  but	  chemicals	  that	  achieve	  a	  high	  benchmark	  for	  
recogni6on	  and	  preference	  in	  the	  marketplace-‐	  part	  of	  the	  same	  
system.	  Could	  DTSC	  translate	  this	  into:	  

1.  Green	  Products	  Registry?	  
2.  Green	  Chemicals	  Registry	  (by	  func6onal	  use,	  DfE	  Screens)?	  

Lessons	  Learned	  



Sugges<ons	  

•  Establish	  clear	  ‘ideal’	  and	  backcast	  from	  there	  	  
–  (i.e.,	  DfE	  Con6nuum	  of	  Improvement)	  	  	  

•  Establish	  transparent,	  science-‐based	  decision	  making	  tools	  	  	  
•  Engage	  in	  public/private	  partnerships	  to	  support	  informed	  

subs6tu6on	  of	  toxic	  chemicals	  

•  Iden6fy	  strategies	  for	  recognizing	  safer	  products	  and	  use	  
purchasing	  policies	  to	  reward	  	  

•  Avoid	  trade-‐off	  of	  chemical	  hazard	  for	  other	  life	  cycle	  benefits	  	  	  
•  Create	  a	  place	  for	  research,	  development	  and	  applica6on	  of	  

alterna6ves	  assessment	  methods	  –	  a	  vibrant	  field	  right	  now!	  
–  Con6nue	  to	  advance	  tools	  and	  methods	  to	  iden6fy	  safer	  alterna6ves	  and	  

best	  in	  class	  for	  chemicals,	  materials,	  and	  ar6cles	  	  

–  Build	  on	  GCI	  recommenda6ons	  re	  cradle-‐to-‐cradle	  design	  



Shared	  Challenges	  for	  DTSC	  and	  DfE	  

•  DfE	  and	  DTSC	  harmonize	  on	  a	  methodology	  for	  chemical	  alterna6ves	  assessment	  

•  Iden6fy	  chemicals	  of	  concern	  and	  priori6ze	  them	  for	  alterna6ves	  assessment	  

•  Fill	  data	  gaps	  	  

–  Share	  data	  and	  best	  prac6ces	  re	  use	  of	  analogs,	  models	  and	  priori6za6on	  of	  
data	  requirements	  based	  on	  chemical	  class	  

•  Incorporate	  emerging	  science	  and	  engineering	  

–  Tension	  between	  available	  standard	  test	  methods	  and	  emerging	  science	  

•  Determine	  role	  for	  product	  recogni6on/cer6fica6on	  

–  In	  demonstra6ng	  compliance?	  Leadership?	  

–  Iden6fying	  target	  areas	  for	  alterna6ves	  assessment	  partnerships	  and	  product	  
recogni6on	  (by	  sector,	  product	  class?);	  where	  is	  the	  most	  value	  in	  recognizing	  
products	  (between	  supply	  chains	  or	  at	  consumer	  level)?	  

•  Transparency	  challenges-‐	  stakeholder	  engagement	  and/or	  public	  outreach	  


