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1. Transparent Method Needed for Identifying Environmentally Preferable Chemicals 

Every year manufacturers of TVs, computers, furniture, electrical wires, draperies, and many other products use tons of chemical flame retardants in their products. The purpose of the flame retardants is benevolent, to protect the public against fires. The manufacturers add the flame retardants to their products to meet fire safety codes. But in adding flame retardants to their products they have created, however unintended, another public hazard -- exposing humans and animals across the globe to hazardous chemicals.

The reasons why manufacturers of consumer products are unintentional participants in this global experiment stem from the failure of governments to require chemical manufacturers to comprehensively test their chemicals, adequately label them for the hazards they pose, restrict the worst of them, and encourage green chemicals. The consumer product manufacturers are also at fault for failing to require comprehensive safety information from manufacturers and selecting chemicals that are safer for humans and ecosystems.

The flame retardants polybrominated diphenyl ethers or PBDEs exemplify how the modern chemical economy has gone awry: lax regulation, failure of chemical users to fully analyze the chemicals in their products, and toxic chemicals embedded in products, only to be released upon use.
 PBDEs are a class of 209 chemicals that are distinguished by the average number and arrangement of bromine atoms in the molecule -- ranging from one bromine atom (monobromodiphenyl ether or monoBDE) to ten bromine atoms (decabromodiphenyl ether or decaBDE). Until recently the PBDE flame retardant formulations on the market were pentaBDE (mixtures of BDEs with an average of five bromine atoms), octaBDE (eight), and decaBDE (ten).  PentaBDE and octaBDE were voluntarily removed from the market in 2003 (pentaBDE) and 2004 (octaBDE) by the manufacturer, Chemtura (formerly Great Lakes Chemical),
 when it became clear that these chemicals were targeted for elimination in Europe and select states in the US. 

The first signs of trouble with PBDEs in general, and pentaBDE and octaBDE in particular emerged in the 1980s when PBDEs were found in fish in Sweden.
 As researchers expanded their search for PBDEs, they found them widely dispersed in the environment -- from homes and cars to fish, seals, polar bears, and humans, from industrial cities to the pristine arctic.
 PBDEs are effective at contaminating our environment because they are very persistent - meaning they are very slow to breakdown, degrade, in the environment.

Additionally some PBDEs, like pentaBDE, bioaccumulate in animals -- meaning the chemicals collect in the fatty tissue of animals -- and biomagnify -- increase in concentration as they move up the food chain. Persistent and bioaccumulative chemicals such as pentaBDE are especially of concern to animals at the top of the food chain because they, including us humans, receive the highest exposures. The combination of long life and collecting in fatty tissue means even small releases of persistent and bioaccumulative chemicals matter: the chemicals will be active in the environment and our bodies for long periods of time.

Today PBDEs are sprinkled across the globe. Unfortunately, Americans have the distinction of being the population with highest concentrations of PBDEs in their bodies.
 Concentration levels in some marine mammals such as Orca whales are even higher
. The PBDEs are especially of concern to human health because they adversely affect the thyroid system and neurological development.
 

With pentaBDE and octaBDE no longer manufactured, decaBDE is now the sole PBDE chemical still in production, with global consumption at 56,418 metric tons per year.
 Similar to its lower brominated cousins, decaBDE is found widely in the environment: in houses, cars, humans, and wildlife.
 DecaBDE degrades into lower PBDE congeners.
 And there are health hazards associated with decaBDE and its breakdown products.
 The European Union, for example, recently banned decaBDE use in electrical and electronic equipment because decaBDE formulations contain significant concentrations of nonaBDE (an average of nine bromine atoms).
 

A barrier to deciding on whether to continue or discontinue the use of decaBDE is the question, are there safer alternatives to decaBDE? And by what criteria do we judge whether chemicals are safer for humans and the environment? The 12 principles of green chemistry provide general guidelines to environmentally preferable chemicals. Principle #2, for example, states, “Design chemical products to be fully effective, yet have little or no toxicity.”
 That’s the goal, but by what criteria do we evaluate when “little to no toxicity” is achieved? 
A number of organizations have set out to define the path to less toxic chemicals. Notable examples include the McDonough Braungart Design Chemistry (MBDC) Cradle to Cradle Design Protocol,
 SC Johnson’s “Greenlist™,”
 and Interface Fabrics’ Dye and Chemistry Protocol.
 These are all methods for evaluating and identifying safer chemicals and materials. Yet these methods cannot be replicated because they are all proprietary. 

In this paper we propose the design of a transparent method for evaluating and identifying environmentally preferable chemicals that is open to comment and improvement: the Green Screen for Safer Chemicals. This paper details the guiding principles, structure, and operation of the Green Screen. 
To better understand how the Green Screen will function in practice, we used it to evaluate decaBDE and other flame retardant chemicals that are applied to TV enclosures (the plastic housing on the outside of a TV). TV enclosures were chosen as the end use of decaBDE to evaluate because they represent the largest use of decaBDE.
  

2. Guiding Principles for the Green Screen for Safer Chemicals

The Green Screen is a method designed to operationalize the “little to no toxicity” Principle of Green Chemistry -- to develop transparent criteria for evaluating the extent to which a chemical is or is not environmentally preferable. In developing the Green Screen we have been guided by the following principles: 

· transparency, 

· continuous improvement, 

· robust decision-making tool,

· inherent hazards (not risk assessment), 

· highly protective of public health and the environment, and 

· life cycle thinking. 

Transparency. As noted in the previous section, a handful of what seems like sophisticated, intelligent, and thoughtful methods have been designed and used for evaluating the hazards posed by chemicals and selecting more environmentally preferable alternatives. Yet the criteria used in these methods to sort chemicals into different bins - e.g., red, orange, yellow, and green (MBDC Cradle to Cradle Design Protocol) - have not been publicly specified. The criteria used for categorizing chemicals, the inherent hazard properties of concern, as well as how these criteria and inherent hazard properties are applied to specific chemicals will be clearly stated and available for public review in the Green Screen. 

Continuous Improvement. We recognize that the Green Screen will have flaws, missing components, and decision criteria in need of revision. For these reasons, this is Version 1.0. Reviewers of Version 1.0 (see acknowledgments) have already provided many insightful and clarifying comments that led to significant changes in the method. As we and hopefully others apply the Green Screen to chemicals opportunities for improvement will arise. We will continue to tinker with and improve upon the method.
Robust, Decision-Making Tool. Our goal for the Green Screen is to create scientifically-based tool that facilitates relatively quick chemical assessments. We do not want a method that is too complicated and too costly that no one ever uses it. The end users of the Green Screen can be anyone who wants to evaluate a chemical and identify more environmentally preferable chemicals. Users may be businesses, government agencies, or non-governmental organizations (NGOs). In the business community, the Green Screen will be useful to chemical manufacturers, formulators and other “chemical choosers” who wish to continually improve the profiles of the chemicals they make and use in commerce. 
Inherent hazards. “Hazard,” as defined by the Organisation for Economic Co-operatoin and Development (OECD), is the “Inherent property of an agent or situation having the potential to cause adverse effects when an organism, system or (sub) population is exposed to that agent”
. And “risk” is the “probability of an adverse effect in an organism, system or (sub) population caused under specified circumstances by exposure to an agent”
. Risk, then is a function of hazard and exposure. 
The fundamental premise behind green chemistry is that the most reliable way to reduce risk is to reduce the inherent hazard of the chemicals and materials used
 -- also known as prevention. The value of pollution prevention has been known for decades and was articulated into federal law with the Pollution Prevention Act of 1990. Controls to reduce exposure are costly and they can, and do, fail. As Dr. Joseph Ling (former vice president of environmental engineering and pollution control at 3M) wrote almost 30 years ago: "conventional controls, at some point, create more pollution than they remove and consume resources out of proportion to the benefits derived.  What emerges is an environmental paradox.  It takes resources to remove pollution; pollution removal generates residue; it takes more resources to dispose of this residue and disposal of residue also produces pollution"
. Therefore the most effective and efficient route for handling hazardous chemicals is prevention.
Hazard assessment
 is an important step in the process of risk reduction. It supports continual improvement by facilitating the selection of inherently safer chemicals, materials and products. In the field of Green Chemistry, the term inherent hazard is often used broadly to include not only human and environmental toxicity, but also physical hazards such as explosivity and corrosivity as well as potential impacts on climate change, ground level ozone formation, depletion of natural resources, unwanted persistence and more.

Much progress has been made recently toward the global harmonization of hazard communication through the "Globally Harmonized System of Classification and Labelling of Chemicals (GHS) which 

“addresses classification of chemicals by types of hazard and proposes harmonized hazard communication elements, including labels and safety data sheets. It aims at ensuring that information on physical hazards and toxicity from chemicals be available in order to enhance the protection of human health and the environment during the handling, transport and use of these chemicals. The GHS also provides a basis for harmonization of rules and regulations on chemicals at national, regional and worldwide level, an important factor also for trade facilitation.”

The criteria developed in the Green Screen build from the GHS scheme for classifying chemicals hazards. 

Highly protective of public health and the environment. The Green Screen methodology delineates levels of environmental health performance based upon the inherent hazards of a chemical.  The goal is to promote the development of products made from chemicals and materials that meet the highest levels of environmental health performance.  Therefore, hazard criteria thresholds were adopted that are highly protective and supportive of human and environmental health.  

Life cycle thinking. While understanding a chemical’s inherent hazard characteristics is critical, it is also necessary to consider the chemical within its full life cycle.  Ideally it is desirable to know the chemical (material and energy too) inputs, outputs, emissions and wastes at each point of the product’s lifecycle.  Areas of concern may include toxicity of inputs, outputs (byproducts), emissions, and residuals or contaminants.  
For example, a toxic reagent used in the manufacture of a chemical will be problematic if it remains as a residual in the product such as the presence of Bisphenol A in polycarbonate. And manufacturing byproducts present in the resulting product may be hazardous even if the product is not. A chemical that is not inherently toxic may involve worker hazards during its manufacture. And a chemical product that is not persistent may degrade in the environment or within organisms to a persistent compound.  
Obtaining this kind of information can range from feasible to nearly impossible due to confidentiality or lack of study. Yet, it is useful to identify both areas of concern as well as areas where green chemistries are in place. In some cases, the same chemical may be manufactured via different pathways. While the inherent hazards associated with the chemical will be identical, the synthetic pathway with the most benign lifecycle impacts will be the preferred alternative.  The Green Screen considers the inherent properties of the chemical associated with exposure and release into the environment and includes predicted degradation products (in the environment) and metabolites (in vivo).  Assessing the inherent hazards associated with feedstocks, production and manufacturing processes for the different flame retardants is beyond the scope of this project. 

3. Green Screen for Safer Chemicals: Method for Evaluating and Identifying Environmentally Preferable Chemicals
The Green Screen for Safer Chemicals sorts chemicals into categories of concern for human health and the environment. The four categories are: Avoid - Very High Concern, Use but Search for Safer Substitutes, Use but Still Opportunity for Improvement, and Prefer - Green Chemical. To determine which category of concern a chemical fits into the Green Screen:

· establishes a set of hazard endpoints for evaluating chemicals,

· defines thresholds of High, Moderate, and Low for each endpoint, 

· sets criteria for determining each level of chemical concern, and

· considers degradation products and metabolites.

The following sections describe each of these bullets.

3.1. Establish Hazard Endpoints 

The Green Screen evaluates chemicals based upon hazard endpoints related to human health and the environment. The endpoints are primarily based upon the toxicity of a chemical, but also include workplace and community hazards such as flammability and explosivity. The Green Screen builds on the work of the US EPA’s Design for Environment (DfE) Furniture Flame Retardancy Partnership to evaluate alternatives to pentaBDE in foam applications.
 Toxicity endpoints presented in Table 4.1 of the DfE report include carcinogenicity, mutagencity/genotoxicity, reproductive and developmental toxicity, neurotoxicity, , systemic/organ effects, skin sensitization, chronic and acute aquatic toxicity, persistence and bioaccumulation potential.  Additional endpoints include: acute human toxicity, respiratory sensitization, skin and eye irritation, flammability and explosiveness which are defined in the Globally Harmonized System. The Green Screen also addresses immune system effects and endocrine disruption,
  as endpoints. While it is acknowledged that endocrine disruption is a mechanism that may result in effects captured by the other endpoints, currently available screening tests for endocrine disrupting substances indicate that the chemical may be inherently hazardous, or at a minimum, merits further testing. In addition to the endpoints identified above, the assessment includes prediction of degradation products and metabolites. Hazard terminology is defined in Appendix 1.

3.2. Define Thresholds of High, Moderate, and Low for each Hazard Endpoint

To categorize chemicals into levels of concern, we first establish thresholds of high (H), moderate (M), and low (L) for each hazard endpoint. For the endpoints “persistence” and “bioaccumulation” an additional threshold of very high (vH) is included to reflect the international consensus -- as defined by the Stockholm Convention on POPs -- in defining very persistent and very bioaccumulative (vPvB) chemicals.
 The Green Screen threshold levels for hazard endpoints (L, M, H, or vH) reflect a desire to define cut-off values that are highly protective of human and environmental health.

National and international thresholds were evaluated to seek precedents for the most protective thresholds for human health and environment. The US EPA, Washington State, Stockholm Convention on Persistent Organic Pollutants (POPs), and International Joint Commission all, for example, set thresholds for defining the worst in class chemicals - or what we call the “vH” and “H” chemicals. Table 1 reveals how these organizations have set different thresholds for ranking the hazards of persistence and bioaccumulation. For example, the criteria used by the US EPA’s New Chemicals Program to categorize a chemical’s persistence as H, M, or L are less protective of the environment than the criteria developed by the International Joint Commission’s (which protects boundary and transboundary waters of the Great Lakes region, including water quality) virtual elimination task force.  Similarly, Table 1 shows the values used by Washington State, as well as differences between two US EPA programs (New Chemicals and the U.S. EPA PBT Chemicals Final Rule) at different points in time. Some programs such as that of Washington State require that a chemical be P, B and T for the purposes of classification
.  Other programs classify chemicals that are a combination of two of the endpoints combined (i.e. P and B, P and T, or B and T). ref?
Overall the persistence thresholds were adopted from the US EPA’s Office of Pollution Prevention and Toxics, New Chemicals Program thresholds, but we shifted the thresholds to include a fourth level -- elevating the upper limit of what EPA would call “high” to “very high” and lowering the lower limit to the more protective “low” value of the International Joint Commission (see Table 1). The Green Screen thresholds for very high (vH) persistence and vH bioaccumulation are the same thresholds used to identify Stockholm Convention POPs.

The “high” (H) bioaccumulation threshold of the Green Screen is set at the same H level as Washington State and the US EPA PBT Chemicals Final Rule.  The “moderate” (M) level is set at the same cut-off value used by the Oslo Paris (OSPAR) Commission, which is responsible for implementing the OSPAR Convention for the Protection of the Marine Environment of the North-East Atlantic and and by GHS criteria for chronic hazards to the aquatic environment.

 The Green Screen thresholds for persistence and bioaccumulation were modified from the US EPA thresholds to be more protective of human health and environment.
Table 1. Comparison of Criteria Used for Categorizing Levels of Persistence and Bioaccumulation
	Endpoint
	US EPA OPPT New Chemicals Program based on TSCA 

(as used in report) 

	Washington State

	International Joint Commission

	US EPA PBT Chemicals; Final Rule (1999)


	GHS

A2.28(b)

Chronic Hazards to the Environment

	Green Screen for Safer Chemicals

	Persistence (P) -
half-life (days) in water, soil or sediment
	H: >180

M: 60-180

L: < 60
	H: ≥60

no distinction between H/M/L
	H: >56

M: 7-56

L:   <7  
	H: >60

no distinction between H/M/L
	Lack of potential to rapidly biodegrade
	vH: >180

H: ≥60

M: ≥ 7 and < 60

L: < 7

	Bioaccumulation Potential (B) --

Bioconcentration Factor (BCF)
	H: >5000

M: 1000-5000

L: < 1000
	H >1000 

no distinction between H/M/L

	H: >5000

M: 1000-5000

L: < 1000
	H >1000

no distinction between H/M/L

	BCF ≥ 500 or if absent log Kow ≥ 4
	vH: >5000

H: >1000 and ≤5000

M: >500 and ≤1000

L: ≤500

	Abbreviations:

US EPA = United States Environmental Protection Agency; OPPT = Office of Pollution Prevention and Toxics;

FFR = Furniture Flame Retardancy Partnership; H = high; M = moderate; L = low


The Green Screen thresholds for all hazard endpoints are listed in Table 2. The Green Screen adopted descriptive thresholds for toxicity endpoints (not including persistence and bioaccumulation potential) developed by the US EPA in “Environmental Profiles of Chemical Flame-Retardant Alternatives for Low-Density Polyurethane Foam”. 
  and from the Globally Harmonized System of Classification and Labelling of Chemicals (GHS).  The GHS hazard categories were used whenever feasible as a basis for assigning a chemical’s hazard endpoint to H/M/L
 (see Appendix 2 for descriptions of the GSH Hazard Categories).  Regulatory and toxicological lists -- such as the International Agency for Research on Cancer (IARC) list of carcinogens,
 California’s list of carcinogens and reproductive toxicants (also known as the “Prop” - Proposition - 65 list),
 the European Union list of carcinogens, reproductive toxicants, and mutagens,
 the European Union draft list of endocrine disruptors,
 the Japanese list of endocrine disruptors
 -- were also used as supplemental data for assigning thresholds for the hazard endpoints.

For toxicological endpoints lacking studies of human populations or animals, expert judgment based on analog data and models are the next best option for assessing the potential hazards of a chemical.  However, valid, empirical test results -- including animal, epidemiological and fate and transport studies and monitoring data -- “trump” predicted information.  For example, a measured Bioconcentration Factor (BCF) value will carry more weight than a predicted value for log Kow. And monitoring data that demonstrates bioaccumulation in humans will carry more weight that information or data from models or screening tests.

The Green Screen does not rank or weight data based on data quality. Rather, it relies on two strategies to optimize the use of valid data:

1. Each chemical assessment involves a literature review and data are accepted or rejected by the assessor based on data quality.

2. The presentation of the hazard ranking results differentiates between values that are empirically-based and those that are estimated/predicted.  Table 3 and Appendix 3 illustrate how estimated data are represented in italic black font while measured values are represented in bold colored font allowing easy distinction.  

3.3. Set Criteria for each Level of Chemical Concern: Avoid - Very High Concern, Use but Search for Safer Substitutes, Use but Still Opportunity for Improvement, and Prefer - Green Chemical

The Green Screen categorizes chemicals into four levels of concern: Avoid - Very High Concern, Use but Search for Safer Substitutes, Use but Still Opportunity for Improvement, and Prefer - Green Chemical. The categorization criteria reflect our values of defining criteria that are the most protective of environmental health -- i.e., “Preferred Chemicals” -- as well as defining intermediate stages of environmental performance between the Preferred and Very High Concern chemicals.
The hazards of chemicals are prioritized on the basis of: 
· the perceived severity of effect and whether the hazard posed by a chemical or its breakdown products is irreversible, 
· whether levels of the chemical or its breakdown products will build up in the environment if released, thus eventually exposing populations to levels that may be hazardous, and 
· whether the chemical or its breakdown products persist in the environment or are present in the environment or humans, which increases opportunities for exposure. 
Table 2. Threshold Values for Each Hazard Endpoint
	Hazard Endpoint
	Very High
	High
	Moderate
	Low

	Persistence (P)*
	Half-life of the chemical in water, soil or sediment  >180 days 
	Half life in water

soil, or sediment ≥ 60 days
	Half life in water, soil, or 
sediment ≥ 7 and <60 days; or

Ultimate biodegradability  
	Half life in water, soil, 
or sediment < 7 days or  rapid biodegrade-ability (OECD
)

	Bioaccumulation (B) Potential*
	BCF > 5000 or in the absence of such data, log Kow >5; or

evidence that the chemical presents other reasons for concern, such as high B in other species; or monitoring data that indicates bioaccumulation in humans
	BCF between 1000 and 5000 or in the absence of such data, log Kow > 5
	BCF between 500 and 1000 or in the absence of such data, log Kow > 4
	BCF < 500 or in the absence of such data, log Kow < 4

	Ecotoxicity (Aquatic toxicity) [4],[6] (LC50, EC50, ErC50 or IC50 (mg/L))

	Acute Aquatic Toxicity*
	Acute: Value is <1 mg/L
GHS Category 1
	Acute: Value is  1-100 mg/L
GHS Category 2,3
	Acute: Value is >100 mg/L 

	Chronic Aquatic Toxicity*
	Chronic: NOEC Value is <0.1 mg/L or

GHS Category 1
	Chronic: NOEC Value is between 0.1 and 10 mg/L or
GHS Category 2, 3, 4
	Chronic: NOEC Value is >10 mg/L  

	Human Toxicity Endpoints

	Acute Lethality / Toxicity* (oral, dermal or inhalation)
	GHS Category 1,2
	GHS Category 3,4
	GHS Category 5

	Carcinogenicity*P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies
; or USEPA Cancer Assessment Review Committee (CARC) ratings;  IARC 1, 2A, or 2B; NTP known or reasonably anticipated to be human carcinogens; GHS Category 1 or 2; California Prop 65; or EU Category 1 or 2
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
; or EU Category 3
	 No basis for concern identified

	Mutagenicity/ Genotoxicity*P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or GHS Categories 1A, 1B or 2; or EU Category 1 or 2
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
	No basis for concern identified

	Reproductive* P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or GHS Categories 1A, 1B, 2; Cal Prop 65; or EU Category 1 or 2
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
	No basis for concern identified

	Developmental*P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or Cal Prop 65
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
	No basis for concern identified

	Endocrine Disruption P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies

	Suggestive animal studies, analog data, or chemical class known to produce toxicity
EU Draft List - Category 1 or 2; or Japanese list 
	No basis for concern identified

	Neurological*P
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or

ACGIH known neurotoxicants 
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
	No basis for concern identified

	Systemic Toxicity/Organ Effects* (via single or repeated exposure)
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or GHS Category 1
	Suggestive animal studies, analog data, or chemical class known to produce toxicity; or

GHS Category 2
	No basis for concern identified

	Sensitization (skin* or respiratory)
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; GHS Category 1 (skin or respiratory)
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
GHS Category 2,3 (skin); GHS Category 2A, 2B (eye)
	No basis for concern identified

	Irritation/Corrosion (skin or eye)
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies; or

GHS Category 1 (skin or eye)
	Suggestive animal studies, analog data, or chemical class known to produce toxicity

	No basis for concern identified

	Immune System Effects*
	Evidence of adverse effects in human populations or conclusive evidence of severe effects in animal studies
	Suggestive animal studies, analog data, or chemical class known to produce toxicity
	No basis for concern identified

	Volatile Organic Chemicals (VOCs)
	Classified as a VOC by U.S. EPA  (40 CFR 51.100(s)); or Vapor pressure >0.1mm Hg
	
	

	Flammable or Explosive
	GHS Ref. #
 1, 2, 3, 8, 10, 15, 16
	GHS Ref. #
 4,5,6,9,11,17,18
	 

	Abbreviations: ACGIH = American Conference of Governmental Industrial Hygienists.  BCF = bioconcentration factor.  EU = European Union.  GHS = Globally Harmonized System of Classification and Labelling of Chemicals.   IARC = International Agency for Research on Cancer.  log Kow = log-octanol water partition coefficient.   NOEC =  no observed effect concentration.  NTP = National Toxicology Program.
* Starred endpoints are reported in: Washington State, Dept. of Ecology and Dept. of Health, Flame Retardant Alternatives (prepared by Syracuse Research Corporation), February 2006.  

P = Priority endpoint


The Green Screen establishes Priority Endpoints for human health that reflect adverse and irreversible potential effects: carcinogenicity, mutagencity/genotoxicity, developmental toxicity, reproductive toxicity, endocrine disruption, and neurotoxicity. In addition, there is emerging consensus that certain combinations of endpoints lead to the most significant concerns.  For example, chemicals that are persistent, bioaccumulating and toxic to humans or aquatic life are of the greatest concern because persistence and bioaccumulation increase the opportunity for a chemical to exert its toxic effect and to interact with other chemicals and stressors in the environment. Preferred chemicals are those with low inherent toxicity that rapidly and completely degrade to benign degradation products or metabolites.  

The highest level of concern is ascribed to those chemicals that exhibit very high toxicity, very high persistence and bioaccumulation potential or combined toxicity with environmental persistence and bioaccumulation potential.  The lowest level of concern is of course the ideal where the chemical is highly degradable and does not exhibit toxicity or bioaccumulation potential as defined by the endpoints.  The middle range is more challenging to delineate given the multiple possible endpoint combinations. The Green Screen is a decision support tool that attempts to apply a common value system to a set of hazard characteristics in order to guide the design and selection of chemical products.

The Green Screen for Safer Chemicals is designed to capture a chemical (or its breakdown products and metabolites) based on a hierarchy of hazard endpoints and criteria included in each screen.  For each screen, a single endpoint (e.g., carcinogenicity) or a combination of endpoints (e.g., PBT) is sufficient to capture a chemical.  Thus an assessment of all hazard endpoints of a chemical is not necessary if the chemical fails a single criterion for that screen. 

For example, if a chemical fails the “very high persistence and very high bioaccumulation” criterion of the Very High Concern screen, it is unnecessary to further evaluate the chemical’s other hazard endpoints. This decision rule is designed to hasten decision making on a chemical when robust scientific data are available about certain attributes of a chemical that may make it fail a screening level. This decision rule is most relevant for chemicals that would be captured in the first screen, the Very High Concern screen. For a chemical to move beyond the Very High Concern screen a fairly comprehensive data set is needed. Given that most chemicals lack such a data set, modeling data will be needed to fill in many of the data gaps. 
Figure 1 illustrates the Green Screen and the criteria by which hypothetical Chemical X (along with its known breakdown products and metabolites of concern) would be evaluated.  It is critical to consider the metabolites and degradation products of a chemical, because these breakdown products may be more hazardous than the parent compound. In that case, the degradation product or metabolite itself may be considered equivalent to the parent compound with respect to its evaluation. 
In the “Avoid - Very High Concern” screen, if Chemical X (or breakdown products/metabolites) is either:

· (High P (persistence) + High B (bioaccumulation) + (≥Moderate Human Toxicity (all endpoints or ≥Moderate Chronic or Acute Aquatic Toxicity)) or

· Very High P (vP) + Very High B (vB) or

· High Human Toxicity (Priority Endpoints and Acute Toxicity)

then it is a chemical of Very High Concern and caught in the first screen. 

The Very High Concern screen catches chemicals for which any release into the environment and exposure to humans is viewed as problematic and not amenable to management through pollution control measures. Since most chemicals lack comprehensive test data,
 completing the evaluation of a chemical for the Very High Concern screen, as well as the screens that follow, will require modeling data.  

If not caught in the Very High Concern screen, Chemical X (and its breakdown products/metabolites) proceeds to the Use but Search for Substitutes screen, where the criteria are:  

· (Moderate P and Moderate B) + Moderate Human Toxicity (all endpoints) or Moderate Chronic or Acute Aquatic Toxicity

· Moderate Human Toxicity (Priority Endpoints and Acute Toxicity)

· High Flammability or Explosiveness

The Use but Search for Substitutes screen continues the emphasis on persistence, bioaccumulation, priority human health endpoints and acute human toxicity, but at lower cut-off levels.  Added to the Very High Concern screen are flammability and explosiveness as well as chronic and acute aquatic toxicity.  
If not captured by the Use but Search for Substitutes screen, Chemical X (and its breakdown products/metabolites) proceeds to the Use but Still Opportunity for Improvement screen.  Here the hazard endpoints become broader with the goal of the screen to capture remaining inherent hazards associated with a chemical.  The criteria are:

· Moderate P or Moderate B 

· Moderate Human Toxicity (Systemic, Irritation, Sensitization, and Acute)

· Moderate Chronic or Acute Aquatic Toxicity

· Moderate Flammability, Explosiveness or Volatile Organic Chemical (VOC)

Chemical X (and its breakdown products/metabolites) is a Preferred Chemical if it is rapidly biodegradable into safe breakdown products, does not bioaccumulate and has low human toxicity as well as low chronic and acute aquatic toxicity.  

The difference between screen levels -- for example, between a chemical of Very High Concern and a chemical of Use but Search for Substitutes -- is significant. As a chemical moves past each screen it becomes increasingly much safer for humans and the environment. Therefore each screen level is a significant improvement in the hazard profile for the chemical. For example, in the context of setting public policy the difference between a chemical of Very High Concern and a chemical of Use but Search for Substitutes mean the difference between targeting the chemical for elimination (Very High Concern) and targeting the chemical for reduced use or more restrictive pollution control measures (Use but Search for Substitutes). 

Figure 1. Green Screen for Safer Chemicals 
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4. Applying the Green Screen to Flame Retardants for TV Enclosures 

In the movement away from PBDEs in particular and halogenated chemicals in general as flame retardants a recurring question is, are the alternative flame retardants safer? We have chosen the use of flame retardants in TV enclosures - the plastic housing on the outside of a TV - as a test case for trying to answer this question. Flame retardant use in TVs is of particular interest because TVs represent the largest end use for DecaBDE.

The method for applying the Green Screen to decaBDE and other flame retardants used in TV enclosures involved the following four steps:

1. Identify alternatives to decaBDE in TV enclosures.
2. Review the human and environmental toxicological data for hazard endpoints. And identify the thresholds (low, moderate, high) for the hazard endpoints of most relevance for each chemical alternative.
3. Use the Green Screen to assign levels of preferability (ranging from avoid to prefer) for each chemical alternative. 

4.1. Identify Alternatives to DecaBDE in TVs
The plausible universe of alternatives to DecaBDE for achieving fire safety in TV enclosures includes: chemical substitutes, inherently flame retardant materials that eliminate the need for added flame retardant chemicals (e.g., steel or aluminum), and TV re-design options that eliminate the need for flame retardants by separating the enclosure from the heat source.

Alternatives that eliminate the need for added chemical flame retardants and meet or exceed existing performance specifications (including flame retardancy) for enclosures are considered inherently preferable alternatives, particularly if they are derived from benign chemicals (and safe processes) and are recyclable or compostable at end of life.  
Surveys of alternatives to decaBDE in TVs -- most notably the Washington State PBDE Chemicals Action Plan
 and the Lowell Center for Sustainable Production’s report on alternatives to decaBDE in electronic enclosure and textile applications
 -- concluded that the principal alternatives to decaBDE are other chemical-based flame retardants.  The alternative flame retardants for use in TV enclosures are both halogen and non-halogen chemistries.

Our analysis of alternatives focuses on the non-halogen alternatives because the market trajectory in electronics overall is to halogen-free chemistry. Dell, Hewlett Packard, and Sony all, for example, have made commitments to eliminate their use of all halogenated flame retardants.
 Additionally there are life cycle concerns with the formation of brominated dioxins and furans across the life of brominated chemicals.
 

The two most widely used non-halogen alternatives in TVs are the phosphorous-based alternatives: resorcinol bis(diphenylphosphate) (RDP - CAS# 57583-54-7 and 125997-21-9) and bisphenol A diphosphate (BAPP or BPADP) or bisphenol A bis(diphenyl phosphate) (BDP) (CAS #181028-79-5 and 5945-33-5).
 Both RDP and BPADP are mixtures of chemicals. 
The three major components of BPADP are:

· Phosphoric acid, (1-methylethylidene)di-4,1-phenylene tetraphenyl ester (CAS #5945-33-5), 

· Phosphoric acid, bis[4-[1-[4-[(diphenoxyphosphinyl)oxy]phenyl]-methylethyl]phenyl] phenyl ester (CAS #83029-72-5), and

· triphenyl phosphate (CAS #115-86-6).
  

The three major components of RDP are: 

· Phosphoric acid, 1,3-phenylene tetraphenyl ester (CAS #57583-54-7), 

· Phosphoric acid, bis[3-[(diphenoxyphosphinyl)oxy]phenyl] phenyl ester (CAS #98165-92-5), and

· Triphenyl phosphate (CAS #115-86-6).
  

The following sections evaluate the inherent chemical hazards associated with the BPADP and RDP formulations as well as decaBDE. Each flame retardant chemical -- along with consideration of known degradation products and metabolites of concern -- will be run through the Green Screen for Safer Chemicals.  
4.2. Identify the Inherent Hazards of Phosphorous-based and DecaBDE Flame Retardants
The hazard endpoints addressed here and the threshold values used to determine whether an endpoint is of high (H), moderate (M), or low (L) concern were defined above. The hazard assessments for RDP and BPADP were performed by the Syracuse Research Corporation (SRC) for the Washington State Departments of Health and Ecology.
  SRC did not evaluate inherent hazards of decaBDE because Washington State had already concluded that decaBDE is a PBT.
 

Formulated products are treated as the sum of individual chemicals – especially where the percent composition of the individual chemical components is unknown.

Appendix 3 contains the summary table for BPADP (CAS #181028-79-5) and RDP (CAS #125997-21-9) as presented by SRC in its report to Washington State. The full report contains approximately 140 pages of hazard review information. Only the summary table is included in Appendix 3.  In developing Table 2-1 the SRC followed the precedent set in its prior work for the US EPA on the report, “Environmental Profiles of Chemical Flame-Retardant Alternatives for Low-Density Polyurethane Foam.”
 

The strength of the assessment and report lies in the extensive expertise and comprehensive research provided by SRC. The report compiles valid data from the literature as well as industry test data. Data were judged for adequacy and excluded if considered inadequate.  Inadequate data could result from conflicting studies, poorly designed studies or studies performed with poor laboratory practices.  SRC supplemented test data with estimated results based on models for endpoints such as carcinogenicity, aquatic toxicity and certain physical properties. These models are used in support of the U.S. EPA’s New Chemicals Program. In addition, endpoints for the chemical products with little or no data were estimated by analogy to appropriately similar molecules by applying expert judgment. SRC provided predictive information on degradation products which is helpful in considering lifecycle impacts.  However, no information on potential metabolites was provided.  

Weaknesses of the report are primarily due to the lack of data.  Every endpoint for the pure components of the two fire safety products was estimated by analogy to results for triphenyl phosphate and through models.  An additional weakness of the assessment is due to a lack of information about the composition of the formulated products.  This is probably unavoidable due to the fact that different manufacturers (or perhaps even different batches) may produce products with different percent compositions. But without a rough range to estimate the percent compositions of the individual components, it is impossible to weight the potential impacts due to the inherent hazards of the individual components and to apply “bridging principles”.  Therefore, we treat each chemical as present in the formulation with the potential for whatever form of exposure is feasible.

One other weakness of the report must be noted.  The fire safety products are identified under the umbrella of BPADP and RDP, with each having its own CAS registration number.  SRC provided full chemical hazard reviews on each of the components of BPADP and RDP, which were then summarized into chemical summary assessments but not for the umbrella compounds. However, there are screening level toxicology and exposure summary values provided in Table 2-1 of the report.  It is not apparent how these values were obtained.  In the hazard review section for the pure components, occasional information on toxicology or physical property measurements for the formulated product were noted,  However, an explanation of the source of the summary values is missing.

This report uses the results of the SRC chemical assessments with a few adjustments: 

· added one more endpoint -- endocrine disruption -- and 

· modified the thresholds for persistence and bioaccumulation potential to make them consistent with our threshold values defined in Table 2.

To allocate threshold values to hazard endpoints for decaBDE we relied on peer reviewed studies and literature reviews by Washington State,
 European Union,
 and Agency for Toxic Substances Disease Registry (ATSDR).
 Since the Green Screen method does not require an assessment of all hazard endpoints when a chemical may be captured in the Very High Concern screen because it fails a particular set of screening criteria (e.g., “very high persistence and very high bioaccumulation”), our research on decaBDE hazard endpoints focused on the issues of persistence, bioaccumulation, aquatic toxicity, and neurotoxicity of decaBDE and its breakdown products. 

Table 3 summarizes the results of the hazard endpoint assessment of BPADP, RDP, and decaBDE. Endpoint values are identified as Low (L), Moderate (M), or High (H), and in the case of persistence and bioaccumulation potential - Very High (vH).  If the value is noted in colored bold text, then the evaluation was based on test data.  If the value is noted in black, italic text then the evaluation was based on models or expert judgment. The diamond superscript symbol (seen in the endocrine disruption endpoint column) indicates that the evaluation applies to a degradation product.   

As noted above, the hazard endpoints and values in Table 3 for BPADP and RDP are the same as those reported by SRC to Washington State except for the addition for endocrine disruption as an endpoint and different thresholds for persistence and bioaccumulation potential.   

The degradation products (degradation under what conditions?  Microbes, water, soil?) from the chemical components of BPADP are: phenol, bisphenol A, and diphenyl phosphate.
  The European Union risk assessment report on bisphenol A concluded that the chemical poses the following health effects: “eye and respiratory tract irritation, skin sensitisation, repeat dose toxicity to the respiratory tract, effects on the liver and reproductive toxicity (effects on fertility and on development)”; with the most sensitive effects on aquatic organisms appear to be related to endocrine disruption.
 Due to the potential for endocrine disruption by bisphenol A, BPADP was scored with an H for the endocrine disrupting attribute based on its degradation products.  The values for the persistence for CAS #83029-72-5 and #5945-33-5 were raised from H to vH using the revised thresholds.  And the value for bioaccumulation potential for CAS #115-86-6 was raised from L to M using the revised thresholds.

The degradation products predicted from the chemical components of RDP are: phenol, resorcinol, and diphenyl phosphate.
  Concerns for resorcinol
 are primarily irritation and systemic toxicity. Phenol is more acutely toxic than resorcinol (GHS Category 3 or 4, i.e. 5-500 mg/kg range) and irritating/ corrosive
. Neither compound is considered endocrine disrupting.  The values for persistence were raised from L to M for CASRN 57583-54-7 and L to H for CASRN 98165-92-5; and the values for bioaccumulation potential were raised from M to H for CASRN 57583-54-7 and from L to M for CASRN 115-86-6 based on the revised thresholds.  
Values for decaBDE hazard endpoints were assessed primarily from animal studies reviewed in the May 2004 EU Risk Assessment for decaBDE,
 the report of the Agency for Toxic Substances and Disease Registry
 and from the Washington State’s Polybrominated Diphenyl Ether (PBDE) Chemical Action Plan.
 The human health hazard endpoints of greatest significance for decaBDE are developmental neurotoxicity, neurotoxicity, endocrine (thyroid) effects, and carcinogenicity. The Washington State Action Plan, for example, concluded that: “Results from animal studies provide some evidence of toxic effects associated with exposure to BDE-209 (decaBDE) including neurotoxicity, thyroid hyperplasia, liver toxicity and carcinogenicity at high doses.” 
 On carcinogenicity, the US ASTDR has identified decaBDE as a possible carcinogen.
 Based on a review of these reports on decaBDE, we ascribed values of “M” to the Priority Endpoints of developmental toxicity, neurotoxicity, endocrine disruption (thyroid), and carcinogenicity.  

While decaBDE does not have the BCF value of a bioaccumulative chemical, its presence in wildlife, e.g., peregrine falcons,
 and humans is concerning. DecaBDE has been found in human breast milk
 and blood, including umbilical cord blood.

The degradation products from decaBDE include: tri-, tetra-, penta-, hexa-, hepta-, octa-, and nona-BDE, as well as brominated dioxins and furans.
  Ahn, et al. (2006), for example, recorded the photodegradation of decaBDE into the lower brominated congeners -- ranging from tri- to nona-BDE -- on clay minerals.
 After a review of the literature on the degradation products from decaBDE the Departments of Ecology and Health in Washington State concluded:

Research has shown that deca-BDE degrades. Considerable uncertainty remains, however, about the exact degradation products and the relative ratios in which these products are formed. Laboratory studies have shown degradation of deca-BDE into lower congeners including the congeners found in the Penta, Octa and Deca-BDE commercial mixtures. Many of these same studies indicate, however, that other degradation products are also formed including congeners not commonly found in the commercial mixes. Due to lack of standards for all 209 PBDE congeners and the emphasis placed upon the congeners found in the commercial mixes, research often has not attempted to identify all degradation products. Research has shown that products other than PBDEs are formed from the degradation of deca-BDE. The most commonly mentioned are brominated phenols where a bromine atom is replaced by an alcohol (OH) group. Others degradation products often mentioned in the scientific literature are methyl (CH3), ethyl (CH2CH3) and brominated dioxins and furans. The lack of knowledge about the toxicity of these unidentified congeners and degradation products increases the concern of additional impacts to human health and the environment.

In conclusion

Concern has been raised that deca-BDE will remain a long-term source of lower substituted PBDEs. Potential degradation products include other PBDEs such as lower brominated congeners found in Penta-BDE which have been proven to have a greater environmental impact and are known to bioaccumulate, biomagnify and have greater toxicity. As it has been shown that deca-BDE does degrade readily under laboratory conditions, deca-BDE will also degrade in the environment with time. Therefore it is likely deca-BDE will remain a constant source of lower substituted PBDEs and other degradation products over time. 

We agree with the conclusion of Washington State that there is evidence that decaBDE degrades into the lower congeners, including pentaBDE. PentaBDE, like decaBDE is very persistent. PentaBDE, however, is also highly bioaccumulating with a BCF value of 27,400. In addition, many of the hazardous human health endpoints of decaBDE are similar to the lower BDE congeners including pentaPDE.  

4.3. Use the Green Screen to Assign Levels of Concern for Phosphorous-based and DecaBDE Flame Retardants 
The Green Screen for Safer Chemicals method is designed to capture a chemical (or its breakdown products and metabolites) based on a hierarchy of hazard endpoints and criteria included in each screen.  For each screen, a single endpoint (e.g., carcinogenicity) or a combination of endpoints (e.g., PBT) is sufficient to capture a chemical.  Thus an assessment of all attributes of a chemical is not always necessary where the chemical demonstrates attributes of concern.  

The Green Screen is applied by benchmarking the decision guide as outlined in Figure 1 against the threshold values for endpoints presented for each chemical component in Table 3. Because the phosphorous-based formulations are unknown and it is not possible to weight the percent composition of each component, the chemical products -- i.e., BPADP and RDP -- are evaluated based on the worst case scenario of each individual component.  

Using the hazard assessment data in Table 3, we ran each of the each of the three flame retardants to the Green Screen in order to assess how environmentally preferable (or not) they are. For BPADP, the prediction of Bisphenol A as a degradation product for two of the three chemical components led to an “H” value for endocrine disruption.  Endocrine disruption is a priority endpoint in the Green Screen, therefore, the decision logic of the Green Screen designates BPADP as a Chemical of Very High Concern. 

For RDP, moderate or higher levels for persistence and bioaccumulation were determined for component CAS #57583-54-7, which in combination with high chronic aquatic toxicity place RDP into Green Screen the category of a Use but Search for Substitutes -- one level of concern less than BPADP. Since the values for persistence and bioaccumulation are based on analogy and modeled results, it would behoove the manufacturer to provide actual test data for bioaccumulation and persistence in order to obtain more accurate values and to potentially lower the ranking of the chemical in the Green Screen.  If either of the values for P or B for compound 57583-54-7 were determined to be low (L), then the ranking of the entire formulated product would drop to that of a Use but Still Opportunity for Improvement, one level up from the level of Preferred Chemicals.
The difference between screen levels -- for example, between a chemical of Very High Concern and a chemical of Use but Search for Substitutes -- is significant. For example, in public policy the difference between a Very High Concern chemical and a Use but Search for Substitutes chemical could mean the difference between targeting the chemical for elimination (Very High Concern) versus targeting the chemical for reduced use or more restrictive pollution control measures (Use but Search for Substitutes). 

The breakdown product of decaBDE, pentaBDE, is the only chemical of the three flame retardants to be identified as a Green Screen PBT (high P + high B with moderate human toxicity or moderate chronic/acute aquatic toxicity). As a Green Screen PBT, decaBDE and its breakdown products is a Chemical of Very High Concern. 

5. Conclusion

Of the three flame retardant compounds commonly used in TV enclosures and evaluated in the Green Screen for Safer Chemicals, bisphenol A diphosphate (BPADP) and decaBDE were identified as Chemicals of Very High Concern while resorcinol bis(diphenylphosphate) (RDP) was identified as a chemical of Use but Search for Safer Substitutes. According to the Green Screen method, RDP is a safer alternative to decaBDE. RDP is not a green chemical -- it did not achieve the green standard of a Prefer - Green Chemical, but it is modestly safer based on persistence, bioaccumulation, and toxicity to humans and the environment than decaBDE and BPADP. 

An integral element of the Green Screen is taking into account potential degradation products and metabolites. This is important given that chemicals in the environment are not static, they become inserted into the environment in which humans and wildlife live. Both decaBDE and BPADP scored lower on the Green Screen because of their degradation products. 

Designed to evaluate the inherent hazards posed by chemicals, the Green Screen method proved to be useful in evaluating the hazards posed by decaBDE and the phosphorous-based flame retardants. Given the limited hazard data on most chemicals, to fill in the hazard endpoints required relying upon modeling data. Modeling data are better than no data, but empirical data are obviously preferred. The robustness of the Green Screen results will improve as more comprehensive test data are collected on chemicals. It is hoped that where data are estimated, manufacturers or users of these chemicals will see the opportunity to provide empirical data that will determine whether or not the estimated hazards are valid.
Table 3. Hazard Endpoint Evaluation of Phosphorous-based and DecaBDE Flame Retardants
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Appendix 1. Hazard Endpoint Definitions 
	Hazard Endpoint
	Definition


	Acute Human Toxicant
	Chemical that causes harm to humans after short-term exposures.  Harm can occur when chemical is inhaled, swallowed, or comes in contact with skin or eye.

	Cancer
	Any growth or tumor caused by abnormal and uncontrolled cell division.

	Skin Sensitizer
	Chemical that causes an allergic skin reaction characterized by the presence of inflammation; may result in cell death.

	Reproductive
	Adverse effects on the reproductive systems of females or males, including structural/functional alterations to the reproductive organs/system, the related endocrine system, mating, or fertility/reproductive success.

	Developmental

	Adverse effects on the developing organism (including structural abnormality, altered growth, or functional deficiency or death) resulting from exposure prior to conception (in either parent), during prenatal development, or postnatally up to the time of sexual maturation.

	Endocrine Disruption


	An endocrine disruptor is an exogenous chemical substance or mixture that alters the structure or function(s) of the endocrine system and causes adverse effects at the level of the organism, its progeny, populations, or subpopulations of organisms, based on scientific principles, data, weight-of-evidence, and the precautionary principle
.  

	Neurological
	Adverse effects on the central or peripheral nervous system.

	Systemic
	Adverse effect (other than those listed separately) that is of either a generalized nature or that occurs at a site distant from the point of entry of a substance: a systemic effect requires absorption and distribution of the substance in the body.

	Genotoxicity
	Induction of genetic changes in a cell as a consequence of gene sequence changes (mutagenicity), or chromosome number/structure alterations.

	Ecotoxicity
	Adverse effects observed in living organisms that typically inhabit the wild. The assessment focused on effects in aquatic organisms (fish, invertebrates, algae).

	Acute
	Short-term, in relation to exposure or effect. Exposures are typically less than 96 hours.

	Chronic
	Effects observed after repeated exposures.

	Persistence
	Attribute of a substance that describes the length of time that the substance remains in the environment before it is physically removed by chemical or biological transformations.

	Bioaccumulation

	An increase in concentration of a pollutant from the environment to the first organism in a food chain 

	Bioconcentration
	The specific process by which the concentration of a chemical in an organism becomes higher than its concentration in the air or water around the organism

	Biomagnification
	An increase in concentration of a pollutant from one link in a food chain to another 


Appendix 2.  Globally Harmonized System of Classification and Labeling of Chemicals: Hazard Statements
	Hazard Class 
	Hazard Category
	Hazard Statement 
	Hazard Number

	Explosives
	Unstable explosive
	Unstable explosive
	1

	
	Division 1.1
	Explosive; mass explosion hazard 
	2

	
	Division 1.2
	Explosive; severe projection hazard 
	3

	
	Division 1.3
	Explosive; fire, blast or projection hazard 
	4

	
	Division 1.4
	Fire or projection hazard 
	5

	
	Division 1.5
	May mass explode in fire 
	6

	Flammable gases 
	1
	Extremely flammable gas
	7

	
	2
	Flammable gas
	8

	Flammable aerosols
	1
	Extremely flammable aerosol
	9

	
	2
	Flammable aerosol
	10

	Flammable liquids
	1
	Extremely flammable liquid and vapour
	15

	
	2
	Highly flammable liquid and vapour
	16

	
	3
	Flammable liquid and vapour 
	17

	
	4
	Combustible liquid 
	18

	Acute toxicity
	1,2
	Fatal if swallowed (oral).
Fatal in contact with skin (dermal).
Fatal if inhaled (gas, vapour, dust, mist)
	32

	
	3
	Toxic if swallowed (oral).
Toxic in contact with skin (dermal).
Toxic if inhaled (gas, vapour, dust, mist)
	33

	
	4
	Harmful if swallowed (oral).
Harmful in contact with skin (dermal).
Harmful if inhaled (gas, vapour, dust, mist)
	34

	
	5
	May be harmful if swallowed (oral).
May be harmful in contact with skin (dermal).
May be harmful if inhaled (gas, vapour, dust, mist)
	35

	Skin corrosion/irritation
	1
	Causes severe skin burns and eye damage
	36

	
	2
	Causes skin irritation 
	37

	
	3
	Causes mild skin irritation 
	38

	Serious eye damage / eye irritation
	1
	Causes serious eye damage
	39

	
	2A Irritant
	Causes serious eye irritation
	40

	
	2B Mild irritant
	Causes eye irritation
	41

	Skin sensitizer 
	1
	May cause an allergic skin reaction
	43


Appendix 3. Table 2-1 from Flame Retardant Alternatives prepared by Syracuse Research Corporation for Washington State (2006)

Table 2-1
Screening Level Toxicology and Exposure Summary 

L = Low hazard concern


N = No





M = Moderate hazard concern

Y = Yes





H = High hazard concern




L, M, or H  = Endpoint assigned using estimated values and professional judgment (Structure Activity Relationships)

	Chemical
	CASRN
	Human Health Effects
	Ecotoxicity
	Environmental
	Potential Routes of Exposure

	
	
	Cancer Hazard
	Skin Sensitizer
	Reproductive
	Developmental
	Neurological
	Systemic
	Genotoxicity
	Acute
	Chronic
	Persistence
	Bioaccumulation
	Worker
	General Population
	Aquatic

	
	
	
	
	
	
	
	
	
	
	
	
	
	Inhalation
	Dermal
	Ingestion
	Inhalation
	Dermal
	Ingestion
	

	Phosphoric trichloride, reaction products with bisphenol A and phenol
	181028-79-5
	L
	L
	L
	L
	L
	M
	L
	H
	M
	H
	L
	N
	Y
	Y
	N
	Y
	Y
	Y

	Phosphoric acid, (1-methylethylidene)di-4,1-phenylene tetraphenyl ester
	5945-33-5
	L
	L
	L
	L
	L
	M
	L
	L
	L
	H
	L
	Y
	Y
	Y
	N
	Y
	N
	N

	Phosphoric acid, bis[4-[1-[4-[(diphenoxyphosphinyl)oxy]phenyl]-1-methylethyl]phenyl] phenyl ester
	83029-72-5 
	L
	L
	L
	L
	L
	M
	L
	L
	L
	H
	L
	Y
	Y
	Y
	N
	Y
	N
	N

	Triphenyl Phosphate 
	115-86-6
	L
	L
	L
	L
	L
	M
	L
	H
	H
	L
	L
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Phosphoric trichloride, polymer with 1,3-benzenediol, phenyl ester
	125997-21-9
	L
	L
	L
	L
	L
	M
	L
	H
	M
	L
	M
	Y
	Y
	Y
	Y
	Y
	Y
	Y

	Phosphoric acid, 1,3-phenylene tetraphenyl ester
	57583-54-7
	L
	L
	L
	L
	L
	 M
	L
	L
	H
	L
	M
	Y
	Y
	Y
	N
	Y
	N
	N

	Phosphoric acid, bis[3-[(diphenoxyphosphinyl)oxy]phenyl] phenyl ester


	 98165-92-5
	L
	L
	L
	L
	L
	M
	L
	L
	L
	L
	L
	Y
	Y
	Y
	N
	Y
	N
	N

	Triphenyl Phosphate 
	115-86-6
	L
	L
	L
	L
	L
	M
	L
	H
	H
	L
	L
	Y
	Y
	Y
	Y
	Y
	Y
	Y
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� For further details on the toxic chemical economy see, Greiner, T, M Rossi, B Thorpe, and B Kerr, Healthy Business Strategies for Transforming the Toxic Chemical Economy, 2006, � HYPERLINK "http://www.cleanproduction.org/Green.Healthy.php" ��http://www.cleanproduction.org/Green.Healthy.php�.  
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		Bisphenol A diphosphate (BPADP)		181028-79-5																																												N		Y		Y		N		Y		Y		Y

		Phosphoric acid, (1-methylethylidene)di-4,1-phenylene tetraphenyl ester		5945-33-5		?		L		L		L		L		nd/HΔ		L		L		M		L		nd		L		M		L		L		L		vH		L		nd		Phenol; 
Bisphenol A				Y		Y		Y		N		Y		N		N

		Phosphoric acid, bis[4-[1-[4-[(diphenoxyphosphinyl)oxy]phenyl]-1-methylethyl]phenyl] phenyl ester		83029-72-5		?		L		L		L		L		nd/HΔ		L		L		M		L		nd		L		M		L		L		L		vH		L		nd		Phenol; 
Bisphenol A				Y		Y		Y		N		Y		N		N
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		Phosphoric acid, 1,3-phenylene tetraphenyl ester (RDP)		57583-54-7		?		L		L		L		L		nd		L		L		M		L		nd		L		M		L		L		H		M		H		nd		Phenol; resorcinol				Y		Y		Y		N		Y		N		N

		Phosphoric acid, bis[3-[(diphenoxy-phosphinyl)oxy]phenyl] phenyl ester		98165-92-5		?		L		L		L		L		nd		L		L		M		L		nd		L		M		L		L		L		H		L		nd		Phenol; resorcinol				Y		Y		Y		N		Y		N		N

		Triphenyl Phosphate		115-86-6		?		L		L		L		L		nd		L		L		M		L		nd		L		M		L		H		H		L		M		nd		Diphenyl phosphate; phenol				Y		Y		Y		Y		Y		Y		Y

		Decabrominated diphenyl ether		1163-19-5

		Decabrominated diphenyl ether		1163-19-5		97		M		L		L		M		M/HΔ		M		L				L				L		M				M		H		vH/vHΔ		L/vHΔ		nona-, octa- hexa-BDE		Tri- to nona-BDE congeners

		Explanation of symbols: * = Source: WA State, Flame Retardant Alternatives report, 2006. ** = Endocrine disruption is not an endpoint in the WA State report. Δ = applies to degradation products.

		nd = Not Determined/Unknown. vH = Very High concern. H = High concern. M = Moderate concern. L = Low concern. Colored bold text = based on test data. 
Black italics text = based on models or expert judgment.																																																		Explanation of symbols: * = Source: WA State, Flame Retardant Alternatives report, 2006. ** = Endocrine disruption is not an endpoint in the WA State report. Δ = applies to degradation products. nd = Not Determined/Unknown. vH = Very High concern. H = Hig

		Decabrominated diphenyl ether		1163-19-5		97																												Algae EC50 (72 or 96 hours) > 1 mg/l
Fish (killifish) LC50 (48 hours) > 500 mg/l		Daphnia assay (21 days exposure): NOEC = 2 ug/l		water = 180 days 
soil = 360 days
sediment = 1600 days		Log Kow: 5.24
BCF = 3.16 EPIWIN
Eco system buildup		in trout and carp: nona-, octa- and hexa-congeners		Hepta-, Octa-, Nona-BDE congeners

		Decabrominated diphenyl ether		1163-19-5		97		M		L		L		M		HΔ		M		L				L				L		M				M		H		vH		vHΔ		nona-, octa- hexa-BDE		Hepta-, Octa-, Nona-BDE

		Nonabrominated diphenyl ether						L								H																												??

		Octabrominated diphenyl ether												L		H						H

		Hexabrominated diphenyl ether																M																						LogKow = 8.55
BCF = 490

		Pentabrominated diphenyl ether												L		H		M				H																		LogKow = 7.66
BCF = 27,400

		Tetrabrominated diphenyl ether																M														M								LogKow = 6.77
BCF = 32,000
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EPA Group D (ATSDR)

Source: ATSDR

Source: ATSDR

Source: ATSDR

Source: ATSDR

Source: ATSDR

Decreased thyroid hormone

Source: ATSDR

Source: ATSDR

Source: ATSDR

WA State

WA State

WA State

WA State

WA State

Stapleton et. Al. Environmental Science &Technology 40 (15) pp 4653-4658

via photolysis; Stapleton, H.M. May 2006. Brominated Flame Retardants: Assessing DecaBDE Debromination in the Environment

thyroid

thyroid effects

WA Report based on EU Risk assessment

EPA Group C (possible) (ATSDR)

see WA State summary

Source: ATSDR

WA Report.  Developmental/Neurological impacts -- see also neurological

thyrod effects of lower congeners

Source: ATSDR; See also developmental/neurological impacts WA Report

LD50 (rats, single dose, intragastric intubation) > 2000 mg/kg. 
LD50 (rats, single oral does in corn oil) > 5000 mg/kg. (EU Risk
Assessment, 2002)

see WA State summary

see WA State summary

see WA State summary

Stapleton et. Al. Environmental Science &Technology 40 (15) pp 4653-4658

via photolysis; Stapleton, H.M. May 2006. Brominated Flame Retardants: Assessing DecaBDE Debromination in the Environment



Physical Hazards

		Deca BDE Alternatives Physical Hazards Assessment

		Chemical		CASRN		% in Formulation**		Vapor Pressure (mm Hg)		Flammability (Flash Point)		Explodability

		Phosphoric trichloride, reaction products with bisphenol A and phenol		181028-79-5

		Phosphoric acid, (1-methylethylidene)di-4,1-phenylene tetraphenyl ester		5945-33-5		?		est: <10-6		nd		nd

		Phosphoric acid, bis[4-[1-[4-[(diphenoxyphosphinyl)oxy]phenyl]-1-methylethyl]phenyl] phenyl ester		83029-72-5		?		est: <10-6		nd		nd

		Triphenyl Phosphate		115-86-6		?		6.3 x 10-6		428F/220C		nd

		Phosphoric trichloride, polymer with 1,3-benzenediol, phenyl ester		125997-21-9

		Phosphoric acid, 1,3-phenylene tetraphenyl ester (RDP)		57583-54-7		?		est: <10-6		nd		nd

		Phosphoric acid, bis[3-[(diphenoxyphosphinyl)oxy]phenyl] phenyl ester		98165-92-5		?		est: <10-6		nd		nd

		Triphenyl Phosphate		115-86-6		?		6.3 x 10-6		428F/220C		nd

		Explanation of symbols: nd=Not Determined, data are inadequate






