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 Continuing education and dialog  
 

 To advance the practice of alternatives assessment for 
informed substitution across federal, state, and local 
agencies through networking, sharing of experiences, 
development of common approaches, tools, datasets and 
frameworks, and creation of a community of practice.  

 

Goals 



Purpose of this call  

• Policies to restrict a chemical of concern to a particular population or 
media may result in substitutions that shift the risks to another 
population or media (even at different phases of a lifecycle). 

 
• Lack of communication/coordination of government agencies that 

regulate different media or stages of a supply chain can enhance this 
challenge. 
 

• Chemical restriction policies often focus on avoiding chemicals on 
lists of chemicals of concern and fail to consider how chemical 
changes may change process chemistries, work practices, or 
exposure patterns, possibly leading to “uninformed substitution”. 
 

• By focusing on elimination of chemicals of concern, such efforts 
often fail to consider the “functional use” of the chemical. 

 



Purpose of this call 

• Examples abound where well-intentioned policies have led to 
trade-offs, without clear guidance, plans, or requirements to 
evaluate alternatives. 
 

• Alternatives assessment is a critical element of informed 
substitution – a considered transition from chemicals of concern 
to less hazardous alternatives.   
 

• We will explore the challenges of addressing possible unintended 
consequences in substitution decisions, discuss the distinction 
between real and hypothetical risk trade-offs, and outline 
approaches for identifying and minimizing unintended 
consequences of safer chemicals decisions from a manufacturing, 
product, and lifecycle perspective. 
 



 Adam Finkel, UMDNJ School of Public Health 
 

 Kathy Hart, US  EPA 
 
 Ann Blake, Environmental and Public Health Consulting 

 
 
 

 

Speakers 
 



 How can one distinguish between real and hypothetical risk 
trade-offs in chemical substitution decisions? 
 

 What are some tools decision-makers can use to more 
thoughtfully consider potential unintended consequences 
in chemical substitution decisions? 
 

 How can agencies more effectively collaborate to avoid risk 
shifting in chemicals decision-making? 

 

 
 

Discussion Questions  



 Due to the number of participants on the Webinar, all lines 
will be muted.  

 
 If you wish to ask a question, please type your question in 

the Q&A box located in the drop down control panel at the 
top of the screen.  

 
 All questions will be answered at the end of the 

presentations.  

 
 

 

 

Webinar Discussion Instructions  



Distinguishing Bogus Tradeoffs from Real 
Ones, and Acting Accordingly

U-Mass Lowell Webinar—
Alternatives Assessment 113: Addressing Trade-offs in 

Alternatives Assessment Processes
June 11, 2013

Adam M. Finkel, Sc.D., CIH
Executive Director, Penn Program on Regulation, University of Pennsylvania Law School 
Professor of Environmental and Occupational Health, UMDNJ- School of Public Health
(Director of Health Standards, OSHA (1995-2000); Regional Administrator (2000-2004))

afinkel@law.upenn.edu



Five Themes for this Talk: 

1. To assess the net risk from a risk-reducing action that might have 
other consequences, you need to be able to distinguish the real 
from the “opportunistic” (a.k.a. bogus) trade-offs; 

2. When we (OSHA) regulated methylene chloride circa 1997, we 
were treated to a smorgasbord of false claims of adverse 
substitution; 

3. But ironically, the one truly perverse consequence was one that no 
one anticipated at the time; 

4. In general, it’s hard to compare alternatives sensibly without 
quantifying uncertainty in risk (and in cost); 

5. A “solution-focused” decision framework allows society to ask 
bolder and more ambitious questions than “which substance is 
least risky?” 

 





Landmark Risk-versus-Risk References: 

• Ralph Keeney and Detlof von Winterfeldt, “Why Indirect Health Risks of Regulations  
 Should be Examined.”  Interfaces, 16: 13-27 (1986). 
 
• John Graham and Jonathan Wiener, eds, Risk Versus Risk: Tradeoffs in Protecting 
 Health and the Environment.  Harvard Univ. Press, 1995. 
 
• Cass Sunstein, “Health-Health Tradeoffs.” Univ. of Chicago Law  
 Review, 63: 1533-71 (1996). 
 
• Jonathan Wiener. “Managing the Iatrogenic Risks of Risk Management.”  
 RISK: Health, Safety & Environment 9: 39-82 (1998). 
 
• Samuel Rascoff and Richard Revesz, “The Biases of Risk Tradeoff Analysis: Towards 
 Parity in Environmental and Health-and-Safety Regulation.” Univ. of Chicago  
 Law Review, 69: 1763-1836 (2002). 
 



Graham-Wiener Typology, with Examples: 

Risk Offset 
 
stronger car roofs 
(reduce severity, increase 
(?) probability of a rollover) 

Risk Substitution 
 

chlorination/cholera  

Risk Transfer 
 

intermedia pollutant 
transfers 

Risk Transformation 
 

 
CAFE standards/ crashes 

Risk 
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“If you don’t allow 
us to spray methylene 
chloride all over our 
plants, we’ll switch 
to a flammable 
substitute and play 
with matches” 

(46 accidents in U.S. involving 
acetone between 1990 
and 2004– none in MC-using 
applications; overall rate has 
gone down since MC rule) 

(Jan. 1973) 



Hindsight: Patterns of Risk-Risk Interactions 

Secondary risk is de minimus under business-as-usual (BAU) or the intervention 
(“sham tradeoffs”): 
 

•  acetone substituted for MeCl2? 
•  aircraft not airworthy after repainting? 
 

Secondary risk is large under either BAU or the intervention (“risk inevitability”): 
 

•  Peru’s experience with water chlorination? 
•  Truck driver fatalities moving goods or moving dirt? 
 

Primary risk small under BAU (“risk overkill”): 
 

•  upholstered furniture fires? 
 



Primary intervention can be calibrated to minimize secondary risk increase: 
 

•  third-generation airbags? 
 

Primary intervention can be targeted to vulnerable subgroup: 
 

•  warnings about Hg in fish? 
 

Primary intervention motivates secondary intervention(s): 
 

•  substitute inks in shower curtain manufacture 
•  Omega-3 supplements? 
•  concurrent exposure limits on MeCl2 and 1-bromopropane 

 

Hindsight: Patterns of Risk-Risk Interactions (cont.) 



Hierarchy of Risk-Risk Effects, From Most to Least Compelling 
(from A.M. Finkel, Chapter 7 in Does Regulation Kill Jobs?,  

Univ. of Pennsylvania Press, forthcoming Sept. 2013) 

Inherent and Inevitable Ground-level ozone (controls will reduce 
respiratory risk but increase skin cancer risk) 

Adverse substitution that is hard to 
avoid 

More fuel-efficient cars may inevitably 
be (slightly) less crash-worthy 

Inherent but amenable to a technological 
win/win 

First-generation auto airbags did save 
large occupants but place smaller 
occupants at risk; redesign eliminated 
this dilemma 

Needless, even malicious, decisions to 
substitute 

1-bromopropane replacing 
perchloroethylene in dry cleaning, rather 
than materials safer than either solvent 

Indirect and causally ambiguous The “richer is safer” theory of regulatory 
costs harming citizens 

Amount of Attenuation  Example 



The risk assessment should include a comparison of the baseline risk 
against the risk associated with the alternative mitigation measures 
being considered, and describe, to the extent feasible, any significant 
countervailing risks caused by alternative mitigation measures. 
   (proposed OMB risk assessment bulletin) 

Adding mandates (for example, expanding the scope and complexity of 
risk assessments) would necessitate reallocation of resources and 
would probably negatively affect the number of risk assessments 
produced by federal agencies … and the ability of the agencies to 
complete non-risk-assessment work. 
 
Section IV(7b)’s requirement to “assess, to the extent feasible, 
countervailing risks caused by alternative mitigation measures” could 
lead, for example, to having to evaluate occupational risks posed by 
environmental interventions … this could result in an extremely broad-
based analysis much larger in scope than currently undertaken. 
   (NAS denunciation of OMB proposal) 





 
• CDC Morbidity and Mortality Weekly Report (12/5/08) published a case report 
of a 43-year-old man in NJ who had recently begun dry cleaning with 
“DrySolv”(1-BP)– hospitalized with headaches, fatigue, visual disturbances, 
twitching, and joint pain– also a PA man hospitalized with ataxia and neuropathy 
(1-BP levels in his degreasing operation approx. 175 ppm); 

 
• Journal of Envt’l and Occup’l Medicine (9/07) reported on 4 furniture workers 

       using 1-BP glue (18 - 254 ppm in air) who developed inability to walk, pain,  
       numbness, vomiting– persisting for up to 8 years after leaving workplace; 
 

• Majersik et al (2007) reported that 6 workers exposed to roughly 100 ppm 1-BP 
while gluing furniture developed chronic neuropathic pain, persisting for years 
after leaving their workplaces.  

 
• European J Endocrinology (1998) reported on 16 Korean workers using 2-BP 

        who developed primary ovarian failure. 

1-Bromopropane: no PEL, TLV=10 ppm 



From draft ACGIH TLV Basis Document for 1-Bromopropane, 
11/18/2010: 

• “A TLV-TWA of 0.1 ppm should provide protection against 
the potential for neurotoxicity, … in 1-bromopropane exposed 
workers.” 
• “A study of 60 female workers in four 1-BP factories 
demonstrated dose-dependent neurological and hematological 
effects of 1-BP exposure with a LOAEL of 1.28 ppm for loss 
of vibration sense in toes (Li et al 2010b).” 

My comments:  0.1 ppm is a laudably protective level compared to the 
current TLV, to EPA’s 25 ppm recommendation, and to OSHA’s 
“TSTL”* recommendation, but as a quantitative exercise… 

1.   Huh?! 
2.    1.28 ÷ 10 (LOAEL to NOAEL) ÷ 10 (intraspecies susceptibility) = 0.013 ppm 
3.    By my analysis of the new 1-BP cancer bioassay, 10-4 excess cancer risk level 
 = 0.06 ppm 

(note: current TLV is 10 ppm) 

* (“the sky’s the limit”) 



New NTP Cancer Bioassay of 1-BP: 

• 18% of female mice exposed to 62.5 ppm developed lung  
 tumors (versus 2% of control mice) 
• rare intestinal tumors found in male and female rats 
• I calculated the cancer potency factor (linearized multistage 
 model, 95th UCL on linear term) from this bioassay 
 as 1.67x10-3 per ppm (45-year, 40 hr/week adjustment) 
• (Using identical method, the cancer potency factor for the 
 NTP bioassay of methylene chloride is 1.4x10-4 per ppm, 
 a factor of 12 smaller) 



“Epic Fail,” as my 
Middle Schooler 
would say… 



The Actual 1989 Data on Ethyl Bromide vs. the 2009 Data on 1-BP: 
(# of female mice with tumors/ # of animals tested) 

0/50 4/50 5/47 27/48 

1/50 9/50 8/50 14/50 

Ethyl bromide 

n-propyl bromide 

Dose (ppm) 

      0         100 (62.5)    200 (125) 400 (250) 

Standard application of the linearized multi-stage dose-response 
model indicates that nPB is TWICE as potent a carcinogen as EtBr 











(from A. Finkel, Environmental Health Perspectives, 1995) 



[part 5– “Solution-Focused Risk Assessment”  (SFRA) as a new Synthesis] 



From Finkel, A.M. (2011).  “Solution-Focused Risk Assessment: A Proposal for the Fusion of 
Environmental Analysis and Action.”  Human and Ecological Risk Assessment, 17(4):754-
787 (and 5 concurrent responses/commentaries, pp. 788-812).  



 
Assessing Impact Tradeoffs in 
Alternatives Assessments 
 

Kathy Hart 
Design for the Environment  Program 
Office of  Pollution Prevention and Toxics  

June 11, 2013 



Considering Additional Impacts—
Beyond Hazard Assessment 

 •  After hazard assessment, additional life-cycle 
impacts of alternatives may be considered 
•  Purpose of life-cycle assessment (LCA) or life-cycle 
thinking 

–Identify improvement opportunities (materials or processes 
associated with greatest impacts) 
–Compare impacts of products, materials/chemicals, or 
processes that perform the same function 

•  LCA (or life-cycle thinking) results can be used to 
further distinguish between safer alternatives 



    LCA Process Overview 

Four main steps (phases) in conducting an LCA: 
• Goal definition and scoping:  identifying specific goals 

and objectives, and defining study boundaries (scope) 
• Compiling a life-cycle inventory:  materials and energy 

use associated with processes 
• Life-cycle impact assessment 
• Analysis and summary of results, including uncertainty 

– Interpretation of results and evaluation of tradeoffs, including 
weighting impacts, is often left to user of results 

 



LCA Scoping in Alternatives 
Assessments  

Consider differences in product (and impacts) that may result 
from using alternatives chemicals 
• Is the chemical a drop-in substitute? 
• Will product manufacturing, use, or end-of-life be affected? 
• Where in the life-cycle are impact changes expected? 
• What type of impacts might be expected to be affected? 
• What type of analysis is needed to determine if changes would 

be significant:  full or partial LCA?  life-cycle thinking? 
• What type of information do I need to conduct the analysis? 
• How should the information be used to choose an alternative? 

 
 



    Life-Cycle Impact Categories 

Natural Resources 
Non-renewable resource 

consumption  
Renewable resource 

consumption  
Energy consumption 
Landfill space use 
 

Ecosystem - Water 
Water eutrophication  
Local water quality (BOD, 

TSS) 

Ecosystem-Atmosphere 
 Global warming 
 Ozone depletion 
 Photochemical smog 
 Acidification 
 Air particulate matter 
 
Toxicity 
 Chronic human health toxicity 

(occupational & public, non-
cancer and cancer) 

 Aquatic ecotoxicity 



How Can LCA Results  
Be Used? 

•  LCA results can be used to compare alternatives 
and identify/assess tradeoffs 
 
•  Results may be aggregated across the whole life-
cycle for each impact category, or aggregated by life-
cycle stage 

•  Does one alternative “win” or “lose” more impact 
categories or life-cycle stages than the others? 

 
•  Graphic displays can help to identify significant 
differences 
 

 



Example LCA Results by Impact 
Category—Alternative Fuels 



Example LCA Results Display 



Varying Attributes Among AA 
Frameworks (DRAFT) 
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REACH Tiered 
Approach Yes Yes Not mentioned Yes (but in the Socio-

Economic Analysis) Yes As needed 

UCLA Multi-Criteria 
Decision Analysis Yes Yes Yes Not mentioned Can be added Can  

be added 

German Guide on 
Sustainable Chemicals Yes Yes Yes Yes Not mentioned No 

BizNGO Alternatives 
Assessment Protocol As needed Yes As needed Not mentioned Not mentioned Yes 

Lowell Center 
Alternatives 
Assessment 
Framework 

Not mentioned Yes Not mentioned Yes Yes Yes 

DfE Chemical 
Alternatives 
Assessment Steps 

As needed As needed As needed As needed Yes Can be added 

California Safer 
Consumer Products 
Guidance (anticipated) 

Yes Yes Yes Yes Yes Yes 

Interstate Chemicals 
Clearinghouse (IC2) 
Alternatives 
Assessment Guidance 

Yes Yes As needed As needed As needed As needed 



AA Framework References 
• BizNGO Working Group for Safer Chemicals and Sustainable Materials. (2011). 

"BizNGO Chemical Alternatives Assessment Protocol (v1.0)."   Retrieved 
September 30, 2012, from 
http://www.bizngo.org/pdf/BizNGO_CAAProtocol_ExecSum.pdf. 

• Rossi, M., J. Tickner, et al. (2006). "Alternatives Assessment Framework of the 
Lowell Center for Sustainable Production."   Retrieved September 30, 2012, from 
http://www.chemicalspolicy.org/downloads/FinalAltsAssess06.pdf. 

• Interstate Chemicals Clearinghouse. (2013). "Guidance for Alternatives 
Assessment and Risk Reduction."   Retrieved May 30, 2013, from 
http://www.newmoa.org/prevention/ic2/aaguidance.cfm. 

• European Chemicals Agency (2011). "Guidance on the preparation of an 
application for authorisation." Retrieved May 11, 2012, from http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2011:028:0001:0121:EN:PDF. 

• EPA Design for the Environment. (2013). “Alternatives Assessments.” Retrieved 
May 30, 2013, from http://www.epa.gov/dfe/alternative_assessments.html 

 

 



AA Framework References (continued) 

• Malloy, T. F., P. J. Sinsheimer, et al. (2011). Developing Regulatory 
Alternatives Analysis Methodologies for the California Green 
Chemistry Initiative. UCLA Sustainable Technology & Policy Program. 
Los Angeles. 

• German Federal Environment Agency (2011). "Guide on Sustainable 
Chemicals." Retrieved April 4, 2012, from 
http://www.umweltbundesamt.de/uba-info-medien-e/4169.html. 

•   
• California Department of Toxic Substances Control (2012). "Draft 

Regulation for Safer Consumer Products." Retrieved May 30, 2013, 
from http://dtsc.ca.gov/LawsRegsPolicies/Regs/upload/2-SCP-
REVISED-Proposed-Regulations_APA-MARKUP-April-2013.pdf 



   Interpretation of Results 

• How results are interpreted depends on stakeholder’s 
interests/needs—may be geographical component 
 

• Weighting may be used to increase the importance of certain 
impact categories 
 

• LCA results may help to inform safer and more sustainable 
substitutions, avoid unintended consequences, and identify 
improvement opportunities for products and processes 



Contact Information 
 
 

Kathy Hart 
Design for the Environment Program 

www.epa.gov/dfe 
hart.kathy@epa.gov 

202-564-8787 
 



Visualizing Trade-
offs with Multi-
Criteria Decision 
Analysis (MCDA) 
Ann Blake, Ph.D. 
Environmental & Public 
Health Consulting 
June 11, 2013 
 



AB 1879: Safer Consumer Products 
…directs the Department of Toxic 

Substances Control (DTSC) to develop 
regulations that create a process for 
identifying and prioritizing chemicals 
of concern, and to create methods for 
analyzing alternatives to existing 
hazardous chemicals. It also allows 
DTSC to take certain actions following 
an assessment that range from "no 
action" to "restrictions or bans."  



Multi-Criteria Decision Analysis 
 Definition:  

 concerned with structuring and solving 
decision and planning problems involving 
multiple criteria.  

 The purpose is to support decision makers 
facing such problems. Typically, there does 
not exist a unique optimal solution for such 
problems and it is necessary to use decision 
maker’s preferences to differentiate 
between solutions. 

 



UCLA STPP Decision-Making 
Model 
 Developed as a pilot for Cal/EPA DTSC Safer Consumer 

Product regulations 
 Designed to be Transparent, Flexible, Pragmatic, Consistent, 

Rigorous 
 Utilized publically available MCDA software tool 

 Allows for transparency in weighting decisions 
 Allows for management of complex, heterogeneous input data 

 Used two data-rich existing case studies 
 Lead solder in printed circuit boards (DfE) 
 Garment Cleaning (Occidental College, SF Environment, TURI Five 

Chemicals Study data) 
 Analyzed impacts of: 

 missing data, incomplete data, etc. on outcome 
 sequential application of decision rules/ criteria 
 different stakeholder weighting  

 



Alternatives Analysis 
Alternative Assessment 
 

 Develop generic alternatives 
assessment matrix including 
higher level criteria (e.g., 
health, safety, environmental 
impact, technical 
performance, economic 
feasibility), sub-criteria, and 
specific measurement 
criteria.   

 For regulated hazardous 
product or process, identify 
potential alternatives.  

 Collect data on regulated 
product and alternatives 

 Transform data to compare 
attributes 
 

Alternatives Evaluation 
 

 Identify evaluation 
methodology for comparing 
regulated products and 
alternatives 

 Develop and apply 
weightings for all level of  
criteria 

 Apply evaluation 
methodology to compare 
regulated product and 
alternatives 
 

* Adapted from Sinsheimer P, Malloy T (2009)  Integrating Safer Alternatives into Chemical Policy: 
Developing a Regulatory Framework for AB 1879.  White Paper.  Sustainable Technology & Policy 
Program.   



AB1879 List of Alternatives Assessment 
Measures 

“The regulations adopted pursuant to this section shall establish a 
process that includes an evaluation of the availability of potential 
alternatives and potential hazards posed by those alternatives, as well 
as an evaluation of critical exposure pathways.  This process shall 
include life cycle assessment tools that take into consideration, but 
shall not be limited to, all of the following: 
 
 (A)   Product function or performance. 
 (B)    Useful life. 
 (C)   Materials and resource consumption. 
 (D)   Water conservation. 
 (E)    Water quality impacts. 
 (F)    Air emissions. 
 (G)   Production, in-use, and transportation energy inputs. 
 (H)    Energy efficiency. 
 (I)     Greenhouse gas emissions. 
 (J)    Waste and end-of-life disposal. 
 (K)    Public health impacts, including potential impacts to                            
  sensitive subpopulations, including infants and children. 
 (L)   Environmental impacts. 
 (M)  Economic impacts.” 
 Section 25253(a)(2) 



* 
Major Criteria Sub-Criteria 
Public health impacts (K) 
  

• Potential hazards posed by alternatives (Section 
2) 

• Critical exposure pathway (Section 2) 
• Potential impacts to sensitive subpopulations, 

including infants and children (K) 
Environmental impacts (L) 
  

• Potential hazards posed by alternatives (Section 
2) 

• Critical exposure pathway (Section 2) 
• Materials and resource consumption (C) 
• Water conservation (D) 
• Water quality impacts (E) 
• Air quality (F) 
• Production, in-use, and transportation energy 

inputs (G) 
• Energy efficiency (H) 
• Greenhouse gas emissions (I) 
• Waste and end-of-life disposal (J) 

Product function or 
performance (A) 

• Useful life (B)  

Economic impacts (M) • Useful life (B) 

* Adapted from Sinsheimer P, Malloy T (2009)  Integrating Safer Alternatives into Chemical Policy: 
Developing a Regulatory Framework for AB 1879.  White Paper.  Sustainable Technology & Policy 
Program.   





Alternatives 
Assessment 
Generic 
Model:  
Final Version 



Dry Cleaning 



Stakeholder Weighting  
Table III-1 

Average Stakeholder Weighting 
 

 
Envtl. NGO Industry Consumer Policymaker 

Overall 
Average 

Physical Chemical Hazards 15.22% 11.04% 15.21% 13.12% 13.75% 

Human Health Impact 21.14% 18.07% 20.28% 24.75% 20.83% 

Ecological Hazards 18.60% 18.67% 19.68% 18.07% 18.75% 

Environmental Impacts 18.60% 20.08% 19.68% 14.11% 18.33% 

Technical Feasibility 14.38% 16.47% 11.56% 16.58% 14.58% 

Economic Feasibility 12.05% 15.66% 13.59% 13.37% 13.75% 
 



BizNGO Alternatives Assessment Protocol v. 1.1 



Alternative Decision Frameworks 
 Methodologies are adaptable to a range of 

decision frameworks. 
 

 Sequential Framework with health-based 
threshold 
 

 Sequential Framework with 
economic/technical threshold 



Conclusions 
 It is possible to manage the vast quantities 

of dissimilar information required by an 
alternatives assessment in a transparent 
way  

 Decision-making framework can cope with 
some missing, incomplete data 

 Different subsets of data may be 
available for different analyses, but the 
overall framework of criteria can provide 
consistency 
 



(510) 768-7008 
ann@annblake.com 
www.annblake.com 



Discussion Questions  

 How can one distinguish between real and hypothetical risk 
trade-offs in chemical substitution decisions? 
 

 What are some tools decision-makers can use to more 
thoughtfully consider potential unintended consequences 
in chemical substitution decisions? 
 

 How can agencies more effectively collaborate to avoid risk 
shifting in chemicals decision-making? 

 

 
 



 
 Alternatives Assessment 114:  Alternatives Assessment for 

Flame Retardants:  A Cross Cutting Issue 
 August 2013 

 
 

 
 

 

Next Webinars 



The audio recording and slides shown during this 
presentation will be available at:  
http://www.chemicalspolicy.org/alternativesassessme
nt.webinarseries.php  
 

 
 

 

Webinar Audio & Slides  

http://www.chemicalspolicy.org/alternativesassessment.webinarseries.php
http://www.chemicalspolicy.org/alternativesassessment.webinarseries.php
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