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Alternatives Analysis: Second Stage

(a) Step 1, Identification of Factors Relevant for Comparison of Alternatives.
(1) A factor listed in paragraph (2)(A), in conjunction with an associated exposure pathway and life cycle
segment, if applicable, is relevant if:
(A) The factor makes a material contribution to one or more adverse public health impacts,
adverse environmental impacts, adverse waste and end-of-life effects, and/or materials and
resource consumption impacts associated with the Priority Product and/or one or more
alternatives under consideration; and
(B) There is a material difference in the factor’s contribution to such impact(s) between the
Priority Product and one or more alternatives under consideration and/or between two or more
alternatives.
(2) The responsible entity shall use available quantitative information and analytical tools, supplemented
by available qualitative information and analytical tools, to identify the factors specified in subparagraph
(A) and the associated exposure pathways and life cycle segments, if applicable, that are relevant for the
comparison of the Priority Product and the alternatives still under consideration after completion of the
first AA stage. The factors identified in subparagraphs (B) and (C) are relevant for all comparisons of the
Priority Product and the alternatives.
(A) Multimedia life cycle impacts for the Priority Product and alternatives under consideration,
and chemical hazards and adverse impacts for the Chemical(s) of Concern and any alternative
replacement chemical(s) or other chemicals in the alternatives that differ from the chemicals in
the Priority Product. This evaluation shall be based on available information, and shall include
the following factors to the extent relevant:
1. Adverse environmental impacts;
2. Adverse public health impacts;
3. Adverse waste and end-of-life effects;
4. Environmental fate;
5. Materials and resource consumption impacts;
6. Physical chemical hazards; and
7. Physicochemical properties.
- Safer Consumer Products Proposed Regulations, Section 69505.6, R-2011-02, p. 46
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To determine the relevant factors for comparison of the alternatives a review of available Life Cycle
Assessment (LCA) resources was undertaken. LCA was chosen because of the wide range of endpoints
assessed to evaluate the ultimate environmental impact in a comprehensive manner. LCA evaluates
environmental impact of the complex system of extraction, manufacturing, use and end-of-life which can
identify the hot-spots or areas where the environmental impact is greatest. For instance, the environmental
impact of electricity use is strongly related to energy sources, such as coal, and LCA can inform the impact
of burning coal based on electricity usage. For simplicity LCA results are typically aggregated to a onedimensional index, such as energy, based on weighting indices that convert midpoints like eutrophication
potential into units of energy1. The result of this process is that LCA is strongly energy and emission
focused. Midpoints such as chemical toxicity can be undervalued, but LCA provides a contrasting
perspective to the hazard evaluation in stage 1. The midpoints addressed by LCA correspond to the adverse
environmental impact areas described in the Safer Consumer Products regulation, see appendix 1 for
details. Since the hazard evaluation eliminated alternatives with environmental or human health hazards in
stage 1, understanding the LCA of the remaining alternatives can provide a different perspective and help
identify burden shifting.

Figure 1: Content Model of a Typical Notebook PC2.

The figure above shows that a typical notebook contains 25.3% PC/ABS plastic which translates to 0.5kg of
PC/ABS in a typical 2kg notebook. The amount of flame retardant in this plastic, known as the loading level, will
vary depending on the alternative chosen and is an important factor in calculating the life cycle impact that can
be attributed to each alternative. An important reason for the popularity of brominated flame retardants are the
low loading levels required to meet flame standards compared with the mineral type solutions. The loading level
is an important factor in determining the flame retardant’s contribution to the overall notebook life cycle
impact. Table 1 below shows several flame retardants and the typical loading levels found in the literature.

1

Baumann, Henrikke and Anne-Marie Tillman. 2004. The hitch hiker’s guide to LCA: An orientation in life cycle assessment
methodology and application. Lund, Sweden: Studentlitteratur AB.
2
Hewlett-Packard Global Citizenship Report 2010. http://www.hp.com/hpinfo/globalcitizenship/pdf/hp_fy10_gcr.pdf
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Table 1. Typical Loading Levels of Flame Retardants
Loading Range3 (wt %)

Typical Loading in
Polycarbonates4 (wt %)

Bromine-based

2 to 25%

10%

Aluminum Hydroxide

13 to 60%

Magnesium Hydroxide

53 to 60%

Chlorophosphates

9 to 10%

Organophosphorus

5 to 30%

Type of Flame Retardant

15%

The life cycle inventory for DecaBDE was not available, however an article by Hu et al compares the energy and
emission requirements of 9,10-Dihydro-9-oxa-10-phosphaphenanthrene 10-oxide (DOPO) and
tetrabromobisphenol-A (TBBPA) which are suitable proxies5. DOPO is representative of the organophosphorus
alternatives and TBBPA is representative DecaBDE. The study determined that TBBPA requires between 29,900
and 39,200 MJ/tonne of primary energy and has between 1,900 and 2400 CO2e/tonne emissions. DOPO
requires 30,700 to 38,600 MJ/tonne of primary energy to manufacture, and the total emissions of CO2 are
between 2,400 and 2880 kg CO2e/tonne. To simplify the calculations the average values of 34550 MJ/tonne and
2150 CO2e/tonne will be used for TBBPA and 34650 MJ/tonne and 2640 CO2e/tonne will be used for DOPO.
Values for the other alternatives were obatained from Ecoinvent. In most cases the life cycle inventory for the
exact alternative was not available so a suitable proxy was chosen and is shown in table 2. Details of the
calculations and values used to generate the results in table 2 are available in the appendix.
Table 2. Energy and Emission Results

Alternative

Representative Material

DecaBDE (Baseline)
Monomeric N-alkoxy hindered
amine
Polyphosphonate oligomers
APP Ammonium Polyphosphate

PC/ABS + TBBPA (10%
Loading)
PC/ABS + Melamine (60%
Loading)
PC/ABS + DOPO (15% Loading)
PC/ABS + DOPO (15% Loading)

Primary
Energy for
0.5kg
(MJ)

Emissions for
0.5kg
(kg CO2)

46.3

2.57

47.9
44.7
44.7

2.62
2.52
2.52

3

Weil, E. D. and S. V. Levchik (2009). Flame Retardants for Plastics and Textiles: Practical Applications, Hanser.
Weil, E. D. and S. V. Levchik (2006). Flame Retardants in Commercial Use or in Advanced Development in Polycarbonates
and Polycarbonate Blends. Journal of Fire Sciences. Vol. 24 March.
5
Hu, Z., M. R. Overcash and M. J. Realff. "Process based Greenhouse gas inventory of representative flame," Electronics
Goes Green 2012+ (EGG), 2012 , vol., no., pp.1,5, 9-12 Sept. 2012
4
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PC/ABS + Aluminum (60%
Loading)
PC/ABS + DOPO (15% Loading)
PC/ABS + Magnesium (60%
Loading)
PC/ABS + Melamine (60%
Loading)
PC/ABS + Melamine (60%
Loading)
PC/ABS + Melamine (60%
Loading)

ATH - Aluminium tri-hydroxide
Diethylphosphinate, aluminium salt
MDH - Magnesium di-hydroxide
Melamine Cyanurate
Melamine Polyphosphate
P/N based intumescent systems
piperazine pyrophosphate
Polcarbonate-Polyphosphonate
copolymer
RDP Resorcinol bis (diphenyl
phosphate)
TPP - triphenyl phosphate
Aluminum housing material
Magnesium alloy housing material
Added sheet metal fire enclosure
High PC content PC/ABS
Tris-(2-ethylhexyl) phosphate
silicon dioxide

57.9
44.7

4.76
2.52

48.8

23.2

47.9

2.62

47.9

2.62

47.9

2.62

PC/ABS + DOPO (15% Loading)

44.7

2.52

PC/ABS + DOPO (15% Loading)
PC/ABS + DOPO (15% Loading)
Aluminum
Magnesium
Steel
Polycarbonate
DOPO (15% Loading)
Silicon Dioxide (60% Loading)

44.7
44.7
63.5
48.3

2.52
2.52
6.1
36.9

57.5
44.7
19.9

3.35
2.52
1.1
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Figure 2: Energy and Emission Results.

5

LCA results for a complete notebook computer can provide perspective to the values obtained for the
alternatives. The principle study chosen for comparison was LCA of an Ecolabeled Notebook prepared by
GreenDeltaTC for Belgium’s Federal Public Planning Service Sustainable Development.6 The study examined the
life cycle impacts of a notebook supplied by AsusTek using standard LCA procedures and guidelines. This study
was chosen to inform this report because the product, a notebook computer, is representative of the products
that are the subject of the department notice. Also, the study was conducted on behalf of a government agency
rather than a manufacturer eliminating potential bias. The LCA was performed based on the ISO 14040 and ISO
14044 standards (p. 15).
The AsusTek notebook LCA used normalization to identify environmental hot spots in the life cycle.
Through normalization the results of the impact assessment are related to a total environmental load of a
region (p. 109). The normalized results are shown in figure 3. The results show that the relevant impacts
are in climate change (human health and ecosystems), human toxicity, particulate matter formation and
fossil depletion, with a minor contribution from metal depletion. Furthermore, the environmental impacts
are dominated by the production phase with a much smaller secondary contribution from the use phase.

Figure 3: AsusTek Notebook LCA Normalized Midpoint Assessment
6

Ciroth, Andreas and Franze, Juliane. LCA of an Ecolabeled Notebook: Consideration of Social and Environmental
Impacts Along the Entire Life Cycle. Berlin 2011.
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The results of AsusTek LCA are consistent with LCAs performed elsewhere although some studies conclude that
the use phase has the greatest impact. Yao et al of Intel Corporation summarized the findings of commonly cited
LCAs on electronic products.7 They found between 1997 and 2010 the majority of published studies determined
that the use phase contributes most to the life cycle energy demand with a handful of studies suggesting the
manufacturing phase has the largest impact. Similarly, Andrae and Anderson conclude that recycling and other
end-of-life processes have a tiny share of the total impact of electronic products.8 The Yao et al article presented
total energy impact of three hybrid LCA studies of desktop computers as 5600, 7300 and 6400 MJ and total fossil
fuels as 240, 290 and 260 kg CO2. An LCA performed by Deng et al reported total energy use of a Dell laptop as
4790 to 6120 MJ and emissions of 386 to 429 kg CO29. For the purposes of this study the Deng et al article most
closely matches the laptop model used in this review, “mainstream, high volume product used by individual in
the U.S. residential sector.” The lower values of 4790 MJ and 386 kg CO2 were chosen for this comparison to
provide the most conservative comparison.
It is useful to compare the most extreme alternatives to DecaBDE. Switching to an aluminum or magnesium
housing material requires more energy and produces more emissions than DecaBDE. Silicon Dioxide, on the
other hand, results in much lower emissions and energy requirements. For energy, the most extreme case is
using an aluminum housing (63.5 MJ) compared to DecaBDE (46.3 MJ), a difference of 17.2 MJ. This difference is
0.36% of the primary energy of a notebook computer identified by Deng et al. Using silicon dioxide results in a
decrease of 26.4 MJ or 0.55% of the total energy of the notebook. For emissions silicon dioxide results in a
decrease in emissions of 1.47 kg CO2 or 0.38% of total emissions. Switching to a magnesium housing provides
the most extreme increase of 36.9 kg CO2 which is 8.9% of the total emissions of the notebook.
Energy and emissions associated with magnesium are highly dependent on the process and raw materials used
to refine the metal. Emission values range from 73,700 kgCO2/tonne from the Ecoinvent database down to
42,000 kgCO2/tonne for the China Pidgeon process to a low of 9,100 kg/CO2/tonne for the Gossan-Zuliani
process,10 resulting in emissions for a notebook computer ranging from 36.9 to 4.6 as shown in figure 4 below.
The lowest value associated with the Gossan-Zuliani process is on par with the emissions associated with most
of the other alternative flame retardants. The uncertainty of the emission values makes it difficult to select one
alternative over another based on emission calculations.

7

Yao, Marissa A., Higgs, Tim G., Cullen, Michael J., Stewart, Scott and Brady, Todd A. Comparative Assessment of Life Cycle
Assessment Methods Used for Personal Computers. Environmental Science and Technology (44) 2010. 7335-7346.
8
Andrae, Anders S. G. and Andersen, Otto. Life Cycle Assessments of Consumer Electronics-Are They Consistent?
International Journal of Life Cycle Assessment (15) 2010. 827-836.
9

Deng, L., C. W. Babbitt, E. D. Williams. Economic-balance hybrid LCA extended with uncertainty analysis: case
study of a laptop computer. Journal of Cleaner Production 19 (2011) 1198-1206.
10

Process Research Ortech, Inc. Lowering of CO2 Emission for Magnesium Production by Gossan-Zuliani Process.
http://www.gossan.ca/projects/pdf/MgGHGReport.pdf (accessed June 13, 2013).
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Figure 4: Magnesium CO2 Emissions by Extraction Process.

The contribution of the choice of flame retardant is an extremely small part of the overall energy and emission
profile of a laptop computer. The uncertainty associated with life cycle inventory data, due to measurement
error and significantly different manufacturing processes, makes it difficult to definitively show a difference
between the alternatives. Nevertheless, selecting some alternatives may lead to a small increase in energy and
emissions but this insignificant compared to benefits of lower toxicity. As highlighted above a magnesium
housing may result in an increase in CO2 emissions but magnesium offers a much improved hazard profile
compared to DecaBDE. Furthermore, the impacts can be mitigated to some degree by selecting manufacturing
processes that minimize energy use and emissions. In conclusion no significant burden shifting was identified by
LCA for any of the alternatives.
The recyclability of low-halogen alternatives compared to BFRs such as DecaBDE has been discussed in the
literature. Imai et al. found that plastics containing BFRs performed much better than their low-halogen
counterparts in both mechanical properties and flame retardancy after multiple recycling cycles.11 However, the
negative environmental impacts associated with BFRs has led plastics recyclers to avoid introducing plastics
containing BFRs into their recycling streams. Plastics recyclers tend to avoid and/or test incoming e-waste
because of the high proportion of bromine they contain. For this reason plastic from e-waste is mostly used for
the low-value markets and is almost never used to build new electronics parts.12 For the purposes of this report
11

Imai, Takaretu, Stephan Hamm and Klaus P. Rothenbacher. Comparison of the Recyclability of Flame-Retarded Plastics.
Environmental Science and Technology (37) 2003. 652-656.
12
Schut, Jan H. Recycling E-Plastics New Material Brings Its Own Set of Problems. Plastics Technology. August 2007.
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it was assumed that the recyclability of the alternative is not a significant factor because of the limited recycling
of e-waste to new electronics housings. It is unlikely that plastics used in electronics housings would be reused
for electronics housings but rather lower grade products.
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2. Product Function and Performance

(2) Product function and performance. The responsible entity shall identify the principal manufacturerintended use(s) or application(s), the functional and performance attributes, and the applicable legal
requirements for the Priority Product. The responsible entity shall, at a minimum, evaluate:
1. The useful life of the Priority Product, and that of the alternatives under
consideration;
2. The function and performance of each alternative relative to the Priority Product and
other alternatives under consideration; and
3. Whether an alternative exists that is functionally acceptable, technically feasible, and
economically feasible
.- Safer Consumer Products Proposed Regulations, Section 69505.6, R-2011-02, p. 48

The useful life of an electronic housing is anticipated to be greater than the useful life of the computer. None of
the alternative flame retardants or alternative materials are expected to decrease the useful life of the
electronics housing. To determine the function and performance of potential alternatives Finite Element
Analysis was used to compare alternatives. Key material properties were obtained from datasheets for resins
containing the flame retardant alternatives being analyzed as well as two of metal alternatives that do not
require added flame retardants. An example of some of the key resin properties are shown in table 3.
Table 3. Key Material Properties
Mold
shrinkage
(1/1000),
3.2mm

PC/ABS +
Brominated FR13
PC/ABS +
Phosphorus FR14
PolcarbonatePolyphosphonate
copolymer15

4-6

Flexural
Modulus
(Mpa)

Notched
Izod
Impact
(J/m)

Melt Flow
Rate
(g/10min)

2675.9

656.3

9.4
(260C/2.16kg)

2620

550

21.5
(260C/2.16kg)

2800

500

The resin properties were entered into the Ansys Finite Element Analysis software. The example housing chosen
for this simulation was a printer housing. This particular part can be exposed to large forces if the user attempts
to move the printer by lifting on the scan fixture. For this simulation a force of 211N was applied to each side of
the unit while fixed at the points of attachment to the printer. An example of the output is shown in figure 5
below. The red areas indicate the areas with the highest deflection. The maximum deflection ranged from 0.036
13

Great Lakes Solutions a Chemtura Business, Emerald Innovation 1000 datasheet
SABIC Innovative Plastics Cycoloy C6600 datasheet
15
FRX Polymers Nofia CO3000 datasheet
14
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to 0.903 mm, all within an acceptable range given the requirements for this product. The professional judgment
of the engineer performing this analysis was that the small differences in resin properties would not be
detrimental to the electronics housing design. Finite element analysis was not performed on all of the
alternatives because the material properties were not available, however it is anticipated that all of the
alternatives would perform acceptably in this simulation.

Figure 5: Aluminum Housing Finite Element Analysis

The Finite Element Analysis provides basic information on the viability of alternative materials. Ultimately, the
adequacy of the final housing material will be determined through experimentation with prototypes, which is
beyond the scope of this report. For the purposes of this report it is assumed that functionally acceptable
housings can be manufactured with any of the alternatives.
The economic feasibility of the alternatives is difficult to evaluate because the direct costs are considered
confidential business information, will depend on volumes and are likely to change over time. Promoting a list of
multiple alternatives will allow the market to determine the most economically viable alternative. The multiple
alternatives approach also leaves suppliers the freedom to choose an alternative based on multiple criteria
rather than just the cheapest option. Although the costs are not known it is anticipated that all of the
alternatives will be more expensive than DecaBDE, at least initially.
11

3. Economic Impacts

(3) Economic impacts.
1. The responsible entity shall evaluate, monetize, and compare for the relevant exposure pathways and life
cycle segments the following impacts of the Priority Product and the alternatives:
a. Public health and environmental costs; and
b. Costs to governmental agencies and non-profit organizations that manage waste, oversee environmental
cleanup and restoration efforts, and/or are charged with protecting natural resources, water quality, and
wildlife.
2. If the responsible entity’s alternative selection decision is to retain the Priority
Product based in whole or in part on internal cost impacts, this decision must be explained in the Final AA
Report. The Final AA Report must include a quantified comparison of the internal cost impacts of the Priority
Product and the alternatives, including manufacturing, marketing, materials and equipment acquisition, and
resource consumption costs.
.- Safer Consumer Products Proposed Regulations, Section 69505.6, R-2011-02, p. 48

In 2006, the Washington State Department of Ecology (Ecology) evaluated the potential costs of a statewide ban
on the use of Deca-BDE in electronics enclosures compared with associated human health benefits. The analysis
calculated an initial benefit of $80 per person to a ban on Deca-BDE in electronics enclosures. This figure was
based on avoided health impacts and does not take into account health impacts that may be caused by a
replacement for Deca-BDE. However, Ecology found that efforts to finalize the analysis were hindered by three
factors:
1. Limited information on health effects, exposures and conditions,
2. Differences in sensitivity to deca-BDe exposures and business responses to changing regulatory
requirements, and
3. Emerging information on toxicity, exposure, and economic issues.
Ecology reported: “Given these limitations, it is important to recognize that there is a high degree of uncertainty
surrounding estimated expenditures and health benefits and those estimates are highly sensitive to assumptions
on future economic conditions, exposure, and health risks. Ecology believes that these sources of uncertainty
and variability complicate the interpretation and use of the study results.”16 Ecology’s analysis did not include
calculating the benefit to the environment of a ban on Deca-BDE in electronic equipment.
In order to calculate the economic impact on human health or the environment for any of the alternatives being
considered, it would be necessary to understand the human health and environmental impacts of each of the
alternatives and the exposure resulting from use in electronic equipment. Economic values would be placed on
each impact, for example, the cost of liver cancer for an individual for one year. This unit cost would then be
multiplied by the number of individuals impacted, that is, the number exposed. As with the analysis by Ecology,

16

Washington State Department of Ecology and Washington State Department of Health, “Washington State
Polybrominated Diphenyl Ether (PBDE) Chemical Action Plan: Final Plan” January 19, 2006, p. 73.
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data gaps make this difficult to estimate in absolute terms. However, impacts are possible to estimate in relative
terms.
Routes of exposure will remain unchanged whether Deca-BDE or another alternative is utilized in electronics
housings. Relative economic impacts can therefore be estimated based on hazard. Less hazardous alternatives
with the same exposure routes will result in lower economic impact. All potential alternatives as hazardous or
more hazardous than Deca-BDE have been screened from consideration. As the remaining alternatives are less
hazardous than Deca-BDE, we predict that overall economic impact will be less.
We do not anticipate any change in the handling of electronics enclosures at end of life due to a change in flame
retardants. Theoretically, resin manufacturers incorporating some percent of recycled content may adjust the
volume of flame retardant added based on the volume of flame retardant already present in the recycled
content. In practice, however, this does not happen. As a result, we do not anticipate a cost impact due to
recycling or end of life practices.
Estimated Economic Impact of Potential Alternatives Relative to Deca-BDE
Increased (+) or Decreased (-) Cost
Relative to Deca-BDE

Alternative

CAS #

Public
Health

Environment

Gov’t
Agencies &
NonProfits*

Monomeric N-alkoxy hindered amine

191680-81-6

-

-

-

Polyphosphonate oligomers

68664-06-2

-

-

-

APP Ammonium Polyphosphate

68333-79-9

-

-

-

ATH - Aluminium tri-hydroxide

21645-51-2

-

-

-

BDP - Bisphenol-A bis(diphenyl
phosphate)

181028-79-5,
5945-33-5

-

-

-

Diethylphosphinate, aluminium salt

225789-38-8

-

-

-

MDH - Magnesium di-hydroxide

13760-51-5,
1309-42-8

-

-

-

Melamine Cyanurate

37640-57-6

-

-

-

Melamine Polyphosphate

218768-84-4,
56386-64-2

-

-

-
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Increased (+) or Decreased (-) Cost
Relative to Deca-BDE

Alternative

CAS #

Public
Health

Environment

Gov’t
Agencies &
NonProfits*

-

-

-

-

-

-

P/N based intumescent systems
piperazine pyrophosphate

66034-17-1

Polcarbonate-Polyphosphonate
copolymer

77226-90-5

RDP Resorcinol bis (diphenyl
phosphate)

57583-54-7,
125997-21-9

-

-

-

TPP - triphenyl phosphate

115-86-6

-

-

-

-

-

-

Zinc Borate

138265-88-0,
1332-07-6,
12767-90-7

Aluminum housing material

-

-

-

Magnesium alloy housing material

-

-

-

Added sheet metal fire enclosure

-

-

-

High PC content PC/ABS

-

-

-

Tris-(2-ethylhexyl) phosphate

78-42-2

-

-

-

silicon dioxide

112945-52-5,
7631-86-9

-

-

-

* Governmental agencies and non-profit organizations that manage waste, oversee environmental cleanup and
restoration efforts, and/or are charged with protecting natural resources, water quality, and wildlife.
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Appendix 1: Energy and Emission Calculations
The energy and emission values used in the calculations for this report were obtained from literature
sources and the Ecoinvent database, shown in table A-1. For simplicity it was assumed that the base
polymer used consisted of equal parts polycarbonate and ABS. Where available typical loading values were
used, when a range was given the highest loading level was used to provide the most conservative
estimates. For alternative materials that do not use the PC/ABS matrix, such as an aluminum housing, the
energy and emissions of 0.5kg was calculated by multiplying the in table A-1 by 0.0005 (tonnes).
Calculations for alternatives in a PC/ABS matrix accounted for the contribution of PC and ABS as shown in
figure A-1.
Table A-1. Energy and Emission Values Used in Calculations

TBBPA
DOPO
Aluminum
Magnesium
Silicon Dioxide
Melamine
ABS Plastic
PC Plastic

0.5kg PC/ABS with 10% TBBPA
45% ABS
45% PC
10% TBBPA

Primary Energy

Emissions

MJ/tonne
34550
34650
127000
96500
301
93600
83000
115000

kgCO2/tonne
2150
2640
12200
73700
21
5070
4250
6700

Energy
(MJ/tonne)
83000
115000
34550

x 0.0005 * 45%=
18.675
x 0.0005 * 45%=
25.875
x 0.0005 * 10%=
1.7275
Total Energy (MJ)
46.2775
Figure A-1. Example Energy Calculation of PC/ABS Blend
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Appendix 2: Correlation of LCA Midpoints with Adverse Impact Factors
The environmental impact midpoints used in LCA of an Ecolabeled Notebook are typical of LCA studies.17
The environmental impacts were calculated using the “ReCiPe (H)” life cycle inventory assessment method
algorithm, one of the most recent methods and the method recommended by LCA experts (p. 47). The
algorithms used by the LCA studies in this report used midpoints consistent with the ReCiPe midpoints as
well. The LCA midpoints address the adverse impact factors identified by the Safer Consumer Products
regulation. The following table shows the correlation of adverse impact factors with the LCA midpoints:
Human Health and Environmental Concerns

(A) Carcinogenicity
(B) Developmental Toxicity
(C) Reproductive Toxicity
(D) Cardiovascular Toxicity
(E) Dermatotoxicity
(F) Endocrine Toxicity
(G) Epigenetic Toxicity
(H) Genotoxicity
(I) Hematotoxicity
(J) Hepatotoxicity
(K) Digestive System Toxicity
(L) Immunotoxicity
(M) Musculoskeletal Toxicity
(N) Nephrotoxicity and Other Toxicity to the Urinary
System
(O) Neurodevelopmental Toxicity

LCA (ReCiPe)
Midpoint

Safer Consumer Products Adverse
Impact Factor

Climate Change
Human Health
Ionizing Radiation
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity
Human Toxicity

Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts
Adverse Public Health Impacts

Human Toxicity
Human Toxicity

Adverse Public Health Impacts
Adverse Public Health Impacts

17

Ciroth, Andreas and Franze, Juliane. LCA of an Ecolabeled Notebook: Consideration of Social and Environmental
Impacts Along the Entire Life Cycle. Berlin 2011.
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Emissions of CA Toxic Air Contaminants# including:
Benzene, Ethylene Dibromide (1,2-dibromoethane),
Ethylene Dichloride (1,2-dichloroethane),
Hexavalent chromium, Asbestos, Dibenzo-p-dioxins
and Dibenzofurans chlorinated in the 2,3,7 and 8
positions and containing 4,5,6 or 7 chlorine atoms,
Cadmium (metallic cadmium and cadmium
compounds), Carbon
Tetrachloride(tetrachloromethane), Ethylene Oxide
(1,2-epoxyethane), Methylene Chloride
(Dichloromethane), Trichloroethylene
(Trichloroethene), Chloroform, Vinyl
chloride (Chloroethylene), Inorganic Arsenic, Nickel
(metallic nickel and inorganic nickel compounds),
Perchloroethylene (Tetrachloroethylene),
Formaldehyde, 1,3-Butadiene, Inorganic Lead,
Particulate Emissions from Diesel-Fueled Engines
Emissions of GHGs, including: Carbon dioxide,
Hydrofluorocarbons, Methane, Nitrogen trifluoride,
Nitrous oxide, Perfluorocarbons, Sulfur
hexafluoride, or Gases that exhibit the global
warming potential hazard trait, as specified in
section 69405.4;

Human Toxicity

Adverse Environmental Impacts

Climate Change
Ecosystems

Adverse Environmental Impacts

Terrestrial
Acidification

Adverse Environmental Impacts

Emissions of particulate matter that exhibits the
particle size or fiber dimension hazard trait, as
specified in section 69405.7;

Particulate Matter
Formation

Adverse Environmental Impacts

Emissions of chemical substances that exhibit the
stratospheric ozone depletion potential hazard
trait, as specified in section 69405.8;

Ozone Depletion

Adverse Environmental Impacts

Terrestrial
Acidification

Adverse Environmental Impacts

Photochemical
Oxidant Formation

Adverse Environmental Impacts

Freshwater
Ecotoxicity
Marine Ecotoxicity

Adverse Environmental Impacts
Adverse Environmental Impacts

Marine Ecotoxicity

Adverse Environmental Impacts

Marine Ecotoxicity

Adverse Environmental Impacts

Deterioration or loss of environmentally sensitive
habitats;

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Impacts that contribute to or cause vegetation
contamination or damage; and

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Emissions of nitrogen oxides;

Emissions of sulfur oxides; or
Emissions of tropospheric ozone-forming
compounds, including compounds that exhibit the
ambient ozone formation hazard trait, as specified
in section 69405.1.
(B) Adverse ecological impacts;
Acute or chronic toxicity;
Changes in population size, reductions in
biodiversity, or changes in ecological communities;
and
The ability of an endangered or threatened species
to survive or reproduce;
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Adverse impacts on environments that have been
designated as impaired by a California State or
federal regulatory agency;

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Biological or chemical contamination of soils; or

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Domesticated Animal Toxicity

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Eutrophication

Freshwater/Marine
Eutrophication
Adverse Environmental Impacts

Loss of Genetic Diversity, Including Biodiversity

Agricultural Land
Occupation

Adverse Environmental Impacts

Phytotoxicity

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Wildlife Developmental Impairment

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Wildlife Growth Impairment

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Wildlife Reproductive Impairment

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Wildlife Survival Impairment

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Soil Compaction or other structural changes

Terrestrial
Ecotoxicity

Adverse Environmental Impacts

Soil Erosion

Natural Land
Transformation

Adverse Environmental Impacts

Soil Loss of organic matter

Natural Land
Transformation

Adverse Environmental Impacts

Soil sealing

Natural Land
Transformation

Adverse Environmental Impacts

Increase in biological oxygen demand;

Freshwater
Eutrophication

Adverse Environmental Impacts

Increase in chemical oxygen demand;

Freshwater
Eutrophication

Adverse Environmental Impacts

Increase in temperature;

Freshwater
Eutrophication

Adverse Environmental Impacts

Increase in total dissolved solids; or

Freshwater
Eutrophication

Adverse Environmental Impacts

Introduction of, or increase in, any of the following:

Freshwater
Ecotoxicity

Adverse Environmental Impacts

1. CWA 303(c) pollutants# for CA including:

Freshwater
Ecotoxicity

Adverse Environmental Impacts
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chromium III, cyanide, antimony, thallium,
asbestos, acrolein, acrylonitrile, carbon
tetrachloride, chlorobenzene, 1,2-dichloroethane,
1,1-dichloroethylene, 1,3-dichloropropylene,
ethylbenzene, 1,1,2,2-tetrachloroethane,
tetrachloroethylene, 1,1,2-trichloroethane,
trichloroethylene, vinyl chloride, 2,4dichlorophenol, 2-methyl-4,6-dinitrophenol, 2,4dinitrophenol, benzidine, bis(2-chloroethyl)ether,
bis(2-ethylhexyl)phthalate, 3,3-dichlorobenzidine,
diethyl phthalate, dimethyl phthalate, di-n-butyl
phthalate, 2,4-dinitrotoluene, 1,2diphenylhydrazine, hexachlorobutadiene,
hexachlorocyclopentadiene, hexachloroethane,
isophorone, nitrobenzene, n-nitrosodimethylamine,
n-nitrosodiphenylamine.

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Arsenic, Cadmium, Chromium VI, Copper, Lead,
Manganese, Mercury, Nickel, Selenium, Silver, Zinc,
Boron and Chloride salts, PCBs.

Freshwater
Ecotoxicity

Adverse Environmental Impacts

3. Safe Drinking Water Act pollutants with MCLs
including:#

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Antimony, Arsenic, Asbestos, Barium, Beryllium,
Cadmium, Chromium, Copper, free Cyanide,
Fluoride, Lead, Mercury (inorganic), Nitrate
(measured as Nitrogen), Nitrite (measured as
Nitrogen), Selenium, Thallium, Acrylamide,
Benzene, Benzo(a)pyrene (PAHs), Carbofuran,
Carbon tetrachloride, Chlorobenzene, oDichlorobenzene, p-Dichlorobenzene, 1,2Dichloroethane, 1,1-Dichloroethylene, cis-1,2Dichloroethylene, trans-1,2-Dichloroethylene,
Dichloromethane, 1,2-Dichloropropane, Di(2ethylhexyl) adipate, Di(2-ethylhexyl) phthalate,
Dioxin (2,3,7,8-TCDD), Epichlorohydrin,
Ethylbenzene, Ethylene dibromide, Polychlorinated
biphenyls (PCBs), Styrene, Tetrachloroethylene,
Toluene, 1,2,4-Trichlorobenzene, 1,1,1Trichloroethane, 1,1,2-Trichloroethane,
Trichloroethylene, Vinyl chloride, Xylenes

Freshwater
Ecotoxicity

Adverse Environmental Impacts

4. CA HSC 116455 with Notification Levels
including:#

Freshwater
Ecotoxicity

Adverse Environmental Impacts

2. CWA 303(d) pollutants# for CA including:
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Boron, n-Butylbenzene, sec-Butylbenzene, tertButylbenzene, Carbon disulfide, Chlorate, 2Chlorotoluene, 4-Chlorotoluene,
Dichlorodifluoromethane (Freon 12), 1,4-Dioxane,
Ethylene glycol, Formaldehyde, HMX,
Isopropylbenzene, Manganese, Methyl isobutyl
ketone (MIBK), Naphthalene, NNitrosodiethylamine (NDEA), NNitrosodimethylamine (NDMA), N-Nitrosodi-npropylamine (NDPA), n-Propylbenzene, RDX,
Tertiary butyl alcohol (TBA), 1,2,3-Trichloropropane
(1,2,3-TCP), 1,2,4-Trimethylbenzene, 1,3,5Trimethylbenzene, 2,4,6-Trinitrotoluene (TNT),
Vanadium

Freshwater
Ecotoxicity

Adverse Environmental Impacts

5. CA Safe Drinking Water Act with public health
goals# including:

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Freshwater
Ecotoxicity

Adverse Environmental Impacts

Natural Land
Transformation

Adverse Waste and End-of-Life Effects

Terrestrial
Ecotoxicity
Marine Ecotoxicity

Environmental Fate
Environmental Fate

1,1-Dichloroethane, 1,1-Dichloroethylene, 1,1,1Trichloroethane, 1,2-Dibromo-3-chloropropane,
1,2-Dichloroethane, 1,2-Dichloroethylene, cis, 1,2Dichloroethylene, trans, 1,2-Dichloropropane,
1,1,2-Trichloroethane, 1,1,2,2-Tetrachloroethane,
1,2,3-Trichloropropane, 1,2,4-Trichlorobenzene,
1,2-Dichlorobenzene, 1,4-Dichlorobenzene, 2,4Dichlorophenoxyacetic acid, Aluminum, Antimony,
Arsenic, Asbestos, Barium, Benzene,
Benzo[a]pyrene, Beryllium, Bromate, Cadmium,
Carbofuran, Carbon Tetrachloride, Chlorite,
Chlorobenzene, Hexavalent Chromium, Copper,
Cyanide, Dichloromethane, Diethylhexyl adipate,
Diethylhexylphthalate (DEHP), Ethylbenzene,
Ethylene dibromide, Fluoride, Gross Alpha or Beta
Particle Activity, Hexachlorobenzene,
Hexachlorocyclopentadiene, Lead, Mercury
(inorganic), Methyl tertiary butyl ether (MTBE), NNitrosodimethylamine, Nickel, Nitrate, Nitrate and
Nitrite, Nitrite, Perchlorate, Polychlorinated
Biphenyls (PCBs), Radium-226, Radium-228,
Selenium, Strontium-90, Styrene, 2,3,7,8tetrachlorodibenzo-p-dioxin (TCDD),
Tetrachloroethylene, Thallium, Toluene,
Trichloroethylene, Trichlorofluoromethane (Freon
11), Trichlorotrifluoroethane (Freon 113), Tritium,
Uranium, Vinyl Chloride, Xylene
(E) Exceedance of an enforceable California or
federal regulatory standard relating to the
protection of the environment.
Impairment of Waste Management Organisms
(A) Aerobic and anaerobic half-lives;
(B) Aqueous hydrolysis half-life;
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(C) Atmospheric oxidation rate;

Terrestrial
Ecotoxicity

Environmental Fate

(D) Bioaccumulation;

Terrestrial
Ecotoxicity

Environmental Fate

(E) Biodegradation;

Terrestrial
Ecotoxicity

Environmental Fate

(F) Mobility in environmental media, as specified in
section 69405.6;

Terrestrial
Ecotoxicity

Environmental Fate

(G) Persistence; and

Terrestrial
Ecotoxicity

Environmental Fate

(H) Photodegradation.

Terrestrial
Ecotoxicity

Environmental Fate

Urban Land
Occupation
Metal Depletion
Fossil Depletion
(A) Combustion Facilitation
(B) Explosivity
(C) Flammability
(A) Physical state;
(B) Molecular weight;
(C) Density;
(D) Vapor pressure and saturated vapor pressure;
(E) Melting point;
(F) Boiling point;
(G) Water solubility;
(H) Lipid solubility;
(I) Octanol-water partition coefficient, octanol-air
partition coefficient, organic carbon partition
coefficient;
(J) Diffusivity in air and water;
(K) Henry’s Law constant;
(L) Sorption coefficient for soil and sediment;
(M) Redox potential;
(N) Photolysis rates;
(O) Hydrolysis rates;
(P) Dissociation constants; or
(Q) Reactivity including electrophilicity

Materials and Resource Consumption
Materials and Resource Consumption
Materials and Resource Consumption
Physical Chemical Hazards
Physical Chemical Hazards
Physical Chemical Hazards
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
Physicochemical Properties
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