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Abstract

On behalf of a cleaning solutions formulator, the Toxics Use Reduction Institute (TURI) investigated the
relative chemical hazards of five enzymatic detergent formulations, which included 21 individual
chemicals. The analysis used two chemical hazard assessment tools: the Pollution Prevention Options
Assessment System (P20ASys) developed by TURI and the GreenScreen™ for Safer Chemicals
(GreenScreen) developed by Clean Production Action. Comprehensive P20ASys analyses, which
consider 11 different hazard areas with 61 total hazard characteristics, and unverified GreenScreen
analyses for each of the individual chemicals is provided. There is evidence of limited correlation
between the P20ASys scores and the GreenScreen” scores. Based on our investigation, TURI identified
several ingredients that should be avoided within the basic elements of these formulations (i.e., the
base detergent, the enzyme components and the stabilizer package). This research also indicates that
while the primary component of the formulations — the base detergent — dominates the formulation’s
overall P20ASys derived hazard profile, the use of boron-containing stabilizers can increase the
formulation’s overall hazard profile. Significant data gaps were found for most of the chemical
ingredients. Therefore, the formulator would benefit from conducting additional hazard testing to
better guide their choice of safer formulation ingredients.

All rights to this report belong to the Toxics Use Reduction Institute. The material may be duplicated with

T U R I permission by contacting the Institute.
The Toxics Use Reduction Institute is a multi-disciplinary research, education, and policy center established

by the Massachusetts Toxics Use Reduction Act of 1989. The Institute sponsors and conducts research,
organizes education and training programs, and provides technical support to promote the reduction in the

UMASS LOWELL use of toxic chemicals or the generation of toxic chemical byproducts in industry and commerce. Further
information can be obtained by writing the Toxics Use Reduction Institute, University of Massachusetts
Lowell, 600 Suffolk Street, Wannalancit Mills, Suite 501, Lowell, MA 01854-2866
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Overview

A cleaning solutions formulator requested assistance from the Toxics Use Reduction Institute (TURI) to
assess the chemicals in various detergent formulations using available assessment tools. The company
is committed to reducing or eliminating their use of non-biodegradable chemicals in their detergent
formulations, as well as identifying safer new detergent formulations. Ideally, these safer formulations
will be comprised of the chemical ingredients that demonstrate the best results based on a careful
application of robust, scientifically-based chemical hazard evaluation tools.

This Chemical Alternatives Assessment report addresses the chemical hazard profiles for the chemicals
in the detergent formulations; however, the cleaning solutions formulator was unable to provide any
related cost and performance information associated with the formulations at the time this report was
published.

TURI analyzed chemical hazard information for the chemicals that comprise the following five detergent
formulations:

e Formulation 1: No stabilizer included in this formulation.

e Formulation 2: Common stabilizer package with higher pH for industrial detergent applications —
stabilizer contains sodium formate.

e Formulation 3: Common stabilizer package with lower pH for residential detergent applications —
stabilizer contains boric acid and propylene glycol.

e Formulation 4: Newer stabilizer (4-FPBA) with significantly less boron than Formulation #3.

e Formulation 5: Peptide-based stabilizer chemistry with no boron included in this formulation.

Table 1 lists the twenty-two chemicals that are found in one or more of the five detergent formulations
and are included in the scope of this chemical alternatives assessment:

Table 1. Chemicals Included in the Chemical Alternatives Assessment

Formulation

Chemical CAS #
Component
Stabilizers Boric Acid 10043-35-3
DSAA (disubstituted alaninamide) Confidential
4-FPBA (4 formylphenyl boronic acid) 87199-17-5
Glycerol* 56-81-5
Sodium formate 141-53-7
Enzyme Product Alpha-amylase 9000-90-2
Components Calcium chloride, anhydrous 10043-52-4
Cellulase 9012-54-8

Ethoxylated fatty alcohol, C11-Cy5 (Softanol 90) 68131-40-8

! Based on the original formulation information provided by the cleaning solutions formulator in the “Enzyme
Product Ingredients Matrix”, glycerol is listed as a component of the Conventional Stabilization System B.
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Formulation

Chemical CAS #
Component
Lipase 9001-62-1
Mannanase, endo-1,4-beta 37288-54-3
Phenoxy ethanol 122-99-6
Propylene glycol 57-55-6
Protease (Subtilisin) 9014-01-1
Proxel, containing:
10-20% 1,2-benzisothiazolin-3-one 2634-33-5
5-10% Sodium hydroxide 1310-73-2
Sorbitol (crystalline) — 70% 50-70-4
Base Detergent Alcohols, Cy,-15, ethoxylated 68131-39-5
Components Sodium laureth sulfate 9004-82-4
Sodium citrate, anhydrous 68-04-2
Calcium chloride, dihydrate 10035-04-8
Water 7732-18-5

The five detergent formulations included minor variations in the base detergent composition consisting
of:

e 58-63 wt% water

o 20.0 wt% ethoxylated alcohols C12-15, the primary nonionic surfactant
e 10.0 wt% sodium laureth sulfate, the primary anionic surfactant

e 5.0 wt% sodium citrate, a mild chelant and buffer

o 0.10 wt% calcium chloride dihydrate, a detergent stabilizer and buffer.

The enzymes used in the detergent formulations include a mixture of five enzyme types’. The enzyme
ingredients were consistent for all detergent formulations with the exception of the protease enzyme
systems, which varied dependent upon the stabilizers used.

The stabilization systems for the various formulations were:

e No stabilizer

e Conventional System A — 3.0 wt% sodium formate

e Conventional System B — 2.0 wt% boric acid + 3.0 wt% glycerol

e Optimized System C —0.0085 wt% 4-formylphenyl boronic acid (4-FPBA)

e Optimized System D —0.0007 wt% sodium disubstituted alaninamide sulfonate (DSAA)

Chemical Hazard Assessment Approach
TURI used the two chemical hazard assessment tools (i.e., the Pollution Prevention Options Analysis
System — P20ASys and the GreenScreen” for Safer Chemicals) for this assessment, to accomplish a

’ As provided by the cleaning solutions formulator.
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quicker screening level assessment and a more in-depth chemical hazard assessment of the various
chemicals in the formulations.

P20ASys - Screening Level Assessment

The Pollution Prevention Options Analysis System (P20ASys) was developed by TURI as a tool to help
companies assess the potential environmental, worker, and public health impacts of alternative
technologies that could be implemented to reduce toxic chemical use. In this project, P20OASys is used
as a screening tool for a rapid assessment of environmental, health, and safety hazards. The use of the
tool requires the examination of limited data sources (i.e., safety data sheets and relevant technical
bulletins and data sheets for each product used in the formulations) and can be completed in a relatively
short period of time.

Embedded formulae in P20ASys generate a numerical hazard score for the current formulation and the
identified options, which can then be combined with other information sources and professional
judgment to make decisions on the implementation of preferred alternatives. The tool evaluates
chemicals and/or processes in the following key hazard areas:

Acute human effects
Chronic human effects
Physical hazards
Aquatic hazards
Persistence/bioaccumulation
Atmospheric hazards
Disposal hazards

Other Chemical hazards
. Energy and resource use
10. Product hazards

11. Exposure potential

©oONDU A WN R

Each hazard area includes one or more hazard characteristics® which can be evaluated. When the
necessary data is not found using these sources, the user of the P20ASys tool either leaves it blank or
applies professional judgment to determine the qualitative values (e.g. H, M, L) for those characteristics.
The values for the characteristics for each chemical are then entered into an Excel spreadsheet, which
computes a corresponding score. The hazard characteristic scores range from 2 to 10, with a score of 2
being the best or safest, and a score of 10 being the worst or least safe. The average of the two least
safe hazard characteristics within each hazard area is then used to generate the hazard area score. The
eleven hazard area scores are then averaged to generate an overall P20ASys score for the chemical.

GreenScreen™ - Chemical Hazard Assessment Level

The GreenScreen™ for Safer Chemicals is a comparative chemical hazard assessment method that builds
on the U.S. Environmental Protection Agency’s Design for Environment (now Safer Choice) approach and
other national and international precedents, including the Globally Harmonized System of Classification

® Note that the P20ASys tool is undergoing modification and the newer revision will likely have slightly fewer
hazard areas and hazard characteristics within each hazard area.
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and Labelling of Chemicals (GHS). The GreenScreen” for Safer Chemicals methodology, developed by
Clean Production Action, provides a much greater level of effort, detail, and rigor than using the
P20ASys screening tool. The GreenScreen” tool uses all relevant and available data, has a different
evaluation methodology from P20OASys, does not evaluate process changes, and typically requires more
time to complete than P20ASys. Therefore, the final results obtained using the GreenScreen™ and
P20ASys tools will most likely exhibit some differences.

GreenScreen™ Hazard Endpoints

In this tool, there are 20 human health, environmental toxicity, fate, and physical hazard endpoints that
must be evaluated for each chemical, as shown in Table 2.

Table 2. Groupings of GreenScreen” Hazard Endpoints

Hazard Grouping Hazard Endpoint (Abbreviation)
Human Health Group | Carcinogenicity (C)
Mutagenicity and Genotoxicity (M)
Reproductive Toxicity (R)

Developmental Toxicity, including Neurodevelopmental Toxicity (D)
Endocrine Activity (E)

Human Health Group Il Acute Toxicity (AT)

Systemic Toxicity & Organ Effects (ST-single)
Neurotoxicity (N-single)

Skin Irritation (IrS)

Eye Irritation (IrE)

Human Health Group II* Systemic Toxicity & Organ Effects, Repeated Exposure sub-endpoint
(ST-repeated)

Neurotoxicity — Repeated Exposure sub-endpoint (N-repeated)

Skin Sensitization (SnS)

Respiratory Sensitization (SnR)

Environmental Toxicity & Fate | Acute Aquatic Toxicity (AA)
Chronic Aquatic Toxicity (CA)
Persistence (P)
Bioaccumulation (B)

Physical Hazards Reactivity (Rx)
Flammability (F)

Group I Human Health

These endpoints reflect priorities that are consistent with national and international governmental
regulations, and cover hazards that can lead to chronic or life threatening effects or adverse impacts
that are potentially induced at low doses and transferred between generations.

Group II and II* Human Health

These endpoints reflect hazards that are also important for understanding and classifying chemicals.
Typically, Group Il hazards may be mitigated. Group Il and II* are differentiated from one another in the
Benchmarking system because Group |l endpoints have four hazard levels (i.e., vH, H, M and L) and are
evaluated on single exposure, while Group II* endpoints have only three hazard levels (i.e., H, M and L)
and are evaluated based on repeated exposure.
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Environmental Toxicity and Fate

Environmental Toxicity and Fate includes Acute and Chronic Aquatic Toxicity, Persistence and
Bioaccumulation potential. Additional Ecotoxicity endpoints such as Avian or Bee Toxicity may be
included when available and relevant. There are five hazard levels possible for environmental toxicity
and fate (i.e., vH, H, M, L and vL).

Physical Hazards
Physical hazards include Flammability and Reactivity and are based on GHS criteria.

GreenScreen™ Process Steps
The GreenScreen” assessments for this project were conducted in 8 steps:

Step 1 - Determine Chemicals to Assess

The cleaning solutions formulator provided a list of twenty-two chemicals to include in the GreenScreen
chemical hazard assessment.

Step 2 - Research and Collect Data

Assessing chemicals is accomplished by examining comprehensive toxicological data, checking
GreenScreen” specified lists, and using estimated data from suitable analogs or modeled data where
measured data are lacking for the parent chemical. For this study, we used data provided by the
cleaning solutions formulator, data that is publicly available, and data provided by ToxServices* (and in
one case by SciVera, LLC®) for evaluations that they had previously conducted for some of the chemicals
in this study. The data sources used to conduct the GreenScreen™ assessment are provided in Appendix
D: GreenScreen™ Data Sources.

Step 3 - Classify Hazard Level for each Hazard Endpoint (e.g., vH, H, M, L, VL)

TURI used the Hazard Criteria resource provided by the GreenScreen” guidance to classify the hazard
level as very High (vH), High (H), Moderate (M), Low (L) or in some cases very Low (vL) for each hazard
endpoint. The following color scheme was used to indicate the hazard score assigned for each hazard
endpoint:

Hazard Score
Very High
High
Moderate M
Low L
Very Low
Data gap DG

4 . . . . . .

ToxServices is a woman owned and operated small business focused on toxicological and risk assessment
consultancy. Based in Washington D.C., ToxServices provides expert, professional services to industrial,
commercial and public sector clients and is a Licensed GreenScreen™ Provider.

5 SciVera, LLC develops and delivers web-based B2B software solutions and professional services to manufacturers,
their trade customers (retailers) and suppliers. SciVera provides its SciVera Lens™ Chemical Safety Assessment
Platform and SciVera Lens Secure Supplier Platform to clients to enable efficient, secure and reliable toxicological
hazard and risk assessment of products and their chemical ingredients and is a Licensed GreenScreen™ Provider.
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Step 4 - Determine Level of Confidence for Each Hazard Score Assigned

This step was not included in TURI’s assessment. If we were to take the GreenScreen™ assessment to
the point of being authorized by Clean Production Action, the level of confidence of the data used to
assign hazard scores would be determined in accordance with GreenScreen™ guidance.

Step 5 - Assign a Data Gap to Each Hazard Endpoint with Insufficient Information

It is unusual to have complete data for all 18 hazard endpoints. Therefore, it is necessary to have a
consistent approach to dealing with data gaps. For this assessment, a Data Gap (DG) classification was
assigned to any hazard endpoint where there was insufficient information to assess the hazard using
measured data on the parent chemical, measured data on a suitable analog, or estimated data on the
parent chemical or suitable analog chemical.

Step 6a - Document Findings and Conclusions

It is essential to provide detailed documentation of the supporting data and rationale for all hazard
classifications in an assessment report. The actual data values collected for each of the twenty-two
chemicals are provided in Appendix C: GreenScreen™ Hazard Summary Tables, as part of each
chemical’s assessment.

Step 6b - Fill in the Hazard Summary Table

The designated hazard classification level for each hazard endpoint is filled into the respective box of the
hazard summary table. The hazard summary tables are provided for each of the twenty-two chemicals
in Appendix C: GreenScreen™ Hazard Summary Tables.

Step 7 - Determine the Relative Benchmark Score

Using criteria established by Clean Production Action, the relative Benchmark Score for each of the
twenty-two chemicals is determined. The following are the four Benchmark Levels:

Benchmark 1: Chemical of High Concern - Avoid
Benchmark 2: Use but Search for Safer Substitutes
Benchmark 3: Use but Still Opportunity for Improvement
Benchmark 4: Prefer — Safer Chemical

The criteria used to determine the GreenScreen™ Benchmark Levels are provided in Figure 1.

Step 8 - Conduct a Data Gap Analysis to Assign a Final Benchmark Score

Data requirements become more stringent with higher Benchmark scores. With solid information on as
few as a single endpoint, one may be able to confidently assess a chemical and assign a Benchmark
score of 1. However, additional data are needed to assess a chemical and confidently assign it a higher
Benchmark score (e.g., Benchmark 2, 3, or 4). The number and type of data gaps present must be
considered when assigning a Benchmark score to a chemical. If a chemical does not achieve the
minimum data requirements for the corresponding Benchmark level, then it is assigned a “U” for
unspecified.

TURI used the GreenScreen” Chemical Hazard Assessment Procedure V1.2 Final, developed by Clean
Production Action as its primary guidance for the GreenScreen™ methodology. In addition, we have
provided information on Benchmark scores prior to applying the data gap analysis as well as the final
Benchmark score.
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OCTOBER 2011 (v2)
GreenScreen” for Safer Chemicals v 1.2 Benchmarks

Start at Benchmark 1 (red) and progress to Benchmark 4 (green)

This
ABBREVIATIONS chemical AR
P Persistence passes Low P* + Low B + Low T (Ecotoxicity, Group |, Il and II* Human) +

B Bioaccumulation all of the Low Physical Hazards (Flammability and Reactivity) + Low (additional ecotoxicity
T Human Toxicity criteria. endpoints when available)
and Ecotoxicity

. Prefer—Safer Chemical
BENCHMARK 3 If this chemical
and its break-

a. Moderate P or Moderate B down products

s pass all of these
b. Moderate Ecotoxicity criteria, then
c. Moderate T (Group Il or II* Human) move on to
d. Moderate Flammability or Moderate Reactivity Benchmark 4.

Use but Still Opportunity for Improvement

-

| Ifthis chemical
and its breakdown
products pass all
of these criteria,
then move on to
Benchmark 3.

. Moderate P + Moderate B + Moderate T (Ecotoxicity or Group |, II, or [I* Human)
. High P + High B
High P + Moderate T (Ecotoxicity or Group |, Il, or [I* Human)

. Moderate T (Group | Human)
Very High T (Ecotoxicity or Group [l Human) or High T (Group II* Human)
. High Flammability or High Reactivity

a

b

€

d. High B + Moderate T (Ecotoxicity or Group |, I, or II* Human)
e

f.

9

If this chemical
and its breakdown
products pass all

BENCHMARK 1

a. PBT = High P + High B + [very High T (Ecotoxicity or Group Il Human) 7o
or High T (Group | or II* Human)] of these criteria,
then move on to
b. vPvB =very High P + very High B Benchmark 2.
c. vPT =very High P + [very High T (Ecotoxicity or Group Il Human) or

High T (Group | or II* Human)]

d. vBT =very High B + [very High T (Ecotoxicity or Group Il Human) or
High T (Group | or II* Human)]

e. High T(Group | Human) BENCHMARK U

: £ 7 « Unspecified Due
Avoid—Chemical of High Concern to Insufficient Data

Group | Human includes Carcinogenicity, Mutagenicity/Genotoxicity, Reproductive Toxicity, Developmental Toxicity (incl. Developmental Neurotoxicity),
and Endocrine Activity. Group Il Human includes Acute Mammalian Toxicity, Systemic Toxicity/Organ Effects-Single Exposure, Neurotoxicity-Single
Exposure, Eye Irritation and Skin Irritation. Group II* Human includes Systemic Toxicity/Organ Effects-Repeated Exposure, Neurotoxicity-Repeated Exposure,
Respiratory Sensitization, and Skin Sensitization. Immune System Effects are included in Systemic Toxicity/Organ Effects. Ecotoxicity includes Acute Aquatic
Toxicity and Chronic Aquatic Toxicity.

Note: The level of hazard indicated is the lowest hazard level at which a chemical would fail that criterion. However, if the chemical has a higher hazard
level than what is listed (e.g. chemical is very High and the criterion is High), it would also fail that criterion.

* For inorganic chemicals with Low B, Low T (Ecotoxicity, Group |, Il and II* Human) and Low Physical Hazards (Flammability and Reactivity), persistence
alone will not be deemed problematic. Inorganic chemicals that are only persistent may achieve Benchmark 4.

Clean Production Action * www.cleanproduction.org
Copyright 2011 © Clean Production Action

Figure 1: Criteria for GreenScreen  Benchmark Levels
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While the GreenScreen' Chemical Hazard Assessment Procedure is transparent and freely available, all
GreenScreen™ assessments are considered non-verified unless they have gone through the
GreenScreen™ Verification Process. The GreenScreen™ Verification Program is performed by Licensed
Profilers or by Authorized GreenScreen™ Practitioners and then verified by a Licensed Profiler. All
GreenScreen™ results in this report are non-verified, as such these results may not be used to make
public promotional or product claims.

Chemical Hazard Comparison Results

P20ASys Chemical Hazard Screening Results

The individual P20ASys hazard rating values for each of the twenty-two chemicals are provided in
Appendix A. The populated cells with no color indicate data values that were obtained from MSDS or
other data sources. The populated cells with a brown color indicate data values that were determined
using professional judgment. The non-populated cells with no color indicate data gaps. Appendix B
provides the professional judgment scoring methodology for the P20ASys tool.

Table 3 provides the aggregate P20ASys score generated for each of the twenty-two chemicals included
in the Chemical Alternatives Assessment. The chemicals are sorted from most safe (lowest value) to
least safe (highest value) based upon their P20ASys score within each of the three major component
functions: stabilization, base detergent, and enzyme products.

Table 3. P20ASys Scores

Component Function Chemical P20ASys Score®
Stabilizers DSAA (disubstituted alaninamide) 2.64
Glycerol 3.18
4-FPBA (4 formylphenyl boronic acid) 3.36
Sodium formate 3.82
Boric Acid 4.64
Base Detergent Water 2.18
Components Sodium citrate, anhydrous 3.36
Calcium chloride, dihydrate 3.91
Sodium laureth sulfate 4.27
Alcohols, Cy»-15, ethoxylated 4.55
Enzyme Product Sorbitol (crystalline) — 70% 2.27
Components Alpha-amylase 2.64
Mannanase, endo-1,4-beta 2.64
Lipase 2.73
Cellulase 291
Protease (Subtilisin) 3.09

® The results here are not meant to imply accuracy. Three significant figures have been included to help
differentiate between substances with similar profiles.
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Component Function Chemical P20ASys Score®

Phenoxyethanol 3.27
Propylene glycol 3.45
Calcium chloride, anhydrous 3.82
Ethoxylated fatty alcohol, C;1-Cy5 4.00

Proxel (includes 1,2-benzisothiazolin-3-

one and sodium hydroxide) 4.91

Not surprisingly, water (2.18) and sorbitol (2.27) had the lowest P20OASys scores and are considered the
safest of the chemicals included in the assessment. Boric acid (4.64) and Proxel (4.91) had the highest
P20ASys scores and are therefore considered the least safe of the chemicals included in the assessment.

For the stabilizer components of the formulations, the safest stabilizer components were DSAA (2.64),
glycerol (3.18), and 4-FPBA (3.36), while the less safe stabilizer components were sodium formate (3.82)
and boric acid (4.64).

Green Screen™ Chemical Hazard Results

As shown in Appendix C, TURI utilized additional data sources to assess the various chemicals using the
GreenScreen™ method as compared to the limited data sources relied on for the P20ASys. Specifically,
REACH dossier data were used when the research received a reliability score of 1 (without restrictions’)
or 2 (with restrictions®). TURI also found relevant data from authoritative sources, which are provided in
Appendix D. Each of the twenty-two GreenScreen™ Hazard Summary Tables is provided in Appendix C:
GreenScreen™ Hazard Summary Tables. GreenScreen™ Benchmark Level scores were checked using the
GreenScreen™ Inspector functionality available at the ToxServices website at http://toxservices.com/.

Appendix E provides a summary of the criteria used to make the hazard score determination.

Upon checking the data sources and completing the GreenScreen™ assessment, there were numerous
data gaps for many endpoints for the twenty-two chemicals evaluated. Consequently, fifteen chemicals
did not achieve the minimum data requirements for the corresponding Benchmark level, and were
assigned a “U” for unspecified hazard. Since there were many chemicals with a “U” rating, this does not
provide useful information for the cleaning solutions formulator to assess and prioritize the chemicals in
their detergent formulations. For the purposes of this study, therefore, we have provided an
anticipated Benchmark level by ignoring the data gaps and generating a Benchmark score based upon
only the obtained data values. It is important to note that chemicals with a “U” benchmark are
considered to be less reliable with respect to determining relative hazard as compared to chemicals with
a numbered benchmark score.

Table 4 provides a list of the actual GreenScreen™ Benchmark scores as well as the GreenScreen™
Benchmark scores assigned when data gaps are ignored. The chemicals are sorted from safest

’ Testing upon which the results are based have been conducted in compliance with applicable OECD guidance.

8 Testing upon which the results are based is comparable to relevant OECD guidance with some acceptable
restrictions.
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http://toxservices.com/

(Benchmark 4) to least safe (Benchmark 1) for each of the three major component functions of the
formulations: stabilizer system, base detergent, and enzyme products.

Table 4. GreenScreen” Scores

GreenScreen”

Function Chemical Benchmark Score Score lgnoring
Data Gaps

Component GreenScreen”

Stabilizer System DSAA U 3
Components Glycerol 3 3
4-FPBA u 2
Sodium formate 2 2
Boric Acid 1 1
Base Detergent Water u 4
Components Sodium citrate, anhydrous Y 3
Alcohols, Cy5-15, ethoxylated U 2
Calcium chloride, dihydrate 1 1
Sodium laureth sulfate U 2
Enzyme Product Sorbitol u 4
Components Propylene glycol 3 3
Phenoxyethanol U 3
Mannanase, endo-1,4-beta u 3
Cellulase U 2
Protease (Subtilisin) U 2
Alpha-amylase U 2
Calcium chloride, anhydrous U 2
Lipase 2 2
Proxel (5-10% sodium hydroxide) U 2
Proxel (10-20% 1,2
. . . u 2
benzisothiazolin-3-one)
Ethoxylated fatty alcohol, C11-Cy5 2 2

Overall for all chemicals in the five formulations, water (benchmark 4), sorbitol (benchmark 4), phenoxy
ethanol (benchmark 3), DSAA (benchmark 3), mannanase, endo-1,4-beta (benchmark 3), propylene
glycol (benchmark 3) and sodium citrate (benchmark 3) had the best GreenScreen™ benchmarks and
would therefore be considered the safest of the chemicals included in the assessment. Boric acid
(benchmark 1) and calcium chloride dihydrate (benchmark 1) had the worst Green Screen™ benchmarks
and would therefore be considered the least safe of the chemicals included in the assessment.

When considering only the stabilizer components of the formulations, the safest stabilizer components
were DSAA (benchmark 3), glycerol (benchmark 3), sodium formate (benchmark 2), and 4-FPBA
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(benchmark 2). However, if the data gaps are considered then 4-FPBA and DSAA would receive a
benchmark score of U. Boric acid was the least safe stabilizer component with a benchmark 1.

P20ASys and GreenScreen™ Chemical Hazard Comparison

Table 5 provides a summary of the P20ASys score, and GreenScreen™ benchmark ignoring data gaps for
all twenty-two chemicals contained in the five formulations. The results obtained using P20ASys and
GreenScreen™ were not expected to be exactly equivalent. P20ASys was applied as a screening tool for
a rapid assessment using limited data sources, whereas the GreenScreen™ was used for a deeper
evaluation of each chemical. The two tools have different evaluation and scoring methodologies and, as
described, utilize different data sources. Further, higher numerical scores for Green Screen evaluations
indicate safer chemicals, while lower numerical scores for P20ASys evaluations indicate safer chemicals.

Table 5. Comparison of P20ASys and GreenScreen Chemical Hazard Scores

' ' P20ASYs GreenScreen”
Component Function Chemical 9 Benchmark Score
Score : 10
Ignoring Data Gaps

Stabilizer System DSAA 2.64 3
Components Glycerol 3.18 3

4-FPBA 3.36 2

Sodium formate 3.82 2

Boric Acid 4.64 1
Base Detergent Water 2.18 4
Components Sodium citrate, anhydrous 3.36 3

Calcium chloride, dihydrate 3.91 1

Sodium laureth sulfate 4.27 2

Alcohols, Cy5-15, ethoxylated 4.55 2
Enzyme Product Sorbitol 2.27 4
Components Alpha-amylase 2.64 2

Mannanase, endo-1,4-beta 2.64 3

Lipase 2.73 2

Cellulase 2.91 2

Protease (Subtilisin) 3.09 2

Phenoxyethanol 3.27 3

Propylene glycol 3.45 3

Calcium chloride, anhydrous 3.82 2

Ethoxylated fatty alcohol, Cy1- 4.00 2

Cis

Proxel 491 2

° The hazard characteristic scores range from 2 to 10, with a score of 2 being the best or safest, and a score of 10
being the worst or least safe.

19 Benchmark scores range from 1 (avoid) to 4 (safe to use).
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There is evidence of limited correlation between the P20ASys scores and the GreenScreen” scores. For
all of the eleven chemicals that received a P20ASys score from 2.5 through 3.5, the corresponding
GreenScreen” Benchmark was either Benchmark 2 or 3. For all of the eight chemicals that received an
overall P20ASys score above 3.5, the corresponding score was either a GreenScreen” Benchmark 1
(three chemicals) or Benchmark 2 (five chemicals). Further, water and sorbitol received the best scores
for both P20ASys (2.18 and 2.27 respectively) and GreenScreen™ (Benchmark 4 for both).

A more detailed discussion of the results from the two tools used is provided in the following sections.

P20ASys Results for Enzyme and Stabilizer Systems

One advantage of using the P20ASys tool is that it allows for an assessment of an overall formulation as
well as for each individual chemical component of each formulation. Using P20ASys, TURI developed
the scores for the five formulations. The P20ASys results for the five overall detergent formulations are
provided in Appendix A.

Since the base detergent ingredients represent the dominant component of each overall formulation, it
is difficult to differentiate between the P20ASys scores for the five full formulations. To better
understand the difference made by using alternative stabilizers in the formulations, P20ASys scores
were derived for the five formulations with only the stabilizer and enzyme components included™'.

Tables 11 through 15 provide information for the calculation of the P20ASys scores for the stabilizer and
enzyme components for the five different detergent formulations identified above.

Table 11. P20ASys Score for the Stabilizer and Enzyme Components of Formulation #1

Formulation #1 Enzyme & . Weighted
Stabilizer ChemiZaIs % Weight | P20ASys Score Scire
Alpha-amylase* 2.8 2.64 0.073
Cellulase* 2.2 291 0.063
Glycerol 47.8 3.18 1.5
Lipase* 1.1 2.73 0.029
Mannanase, endo-1,4-beta * 0.3 2.64 0.008
Phenoxyethanol 0.9 3.27 0.030
Propylene Glycol 14.4 3.45 0.50
Protease (Subtilisin)* 1.2 3.09 0.038
Proxel 0.1 4,91 0.006
Sodium Formate 0.9 3.82 0.035
Sorbitol 28.3 2.27 0.64
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.

! Note that as weighted averages, the overall scores are still dominated by the substances with the largest weight

percentage in the formulation.
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Table 12. P20ASys Score for the Stabilizer and Enzyme Components of Formulation #2

Formulation #2 Enzyme & . P20ASys Weighted

Stabilizer ChemiZaIs % Weight Scorey Scire
Sodium formate 65.15 3.82 2.5
Alpha-amylase* 0.97 2.64 0.026
Cellulase* 0.76 2.91 0.022
Glycerol 16.81 3.18 0.54
Lipase* 0.38 2.73 0.010
Mannanase, endo-1,4-beta * 0.11 2.64 0.003
Phenoxyethanol 0.32 3.27 0.011
Propylene Glycol 5.08 3.45 0.18
Protease (Subtilisin)* 0.43 3.09 0.013
Proxel 0.04 4.91 0.002
Sorbitol 9.94 2.27 0.23
Total 100 3.5

*Defined as enzyme concentrate, dry matter basis.

Table 13. P20ASys Score for the Stabilizer and Enzyme Components of Formulation #3

Formulation #3 Enzyme & . P20ASys Weighted
Stabilizer Chemi!als % Weight Scorey Scire
Boric Acid 30.18 4.64 1.4
Glycerol 57.01 3.18 1.8
Alpha-amylase* 0.68 2.64 0.018
Cellulase* 0.53 2.91 0.015
Lipase* 0.26 2.73 0.007
Mannanase, endo-1,4-beta * 0.08 2.64 0.002
Phenoxyethanol 0.23 3.27 0.007
Propylene Glycol 3.55 3.45 0.12
Protease (Subtilisin)* 0.30 3.09 0.009
Proxel 0.03 4.91 0.001
Sodium Formate 0.23 3.82 0.009
Sorbitol 6.94 2.27 0.16
Total 100.0 3.6

*Defined as enzyme concentrate, dry matter basis.

Table 14. P20ASys Score for the Stabilizer and Enzyme Components of Formulation #4

Formulation #4 Enfyme & Stabilizer % Weight P20ASys | Weighted
Chemicals Score Score
4-FPBA - 4-formylphenyl boronic acid 0.54 3.36 0.018
Alpha-amylase* 2.84 2.64 0.075
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Formulation #4 Enfyme & Stabilizer % Weight P20ASys | Weighted
Chemicals Score Score
Calcium Chloride, anhydrous 0.06 3.82 0.002
Cellulase* 2.21 2.91 0.064
Ethoxylated fatty alcohol, C11-Cy5 0.06 4.00 0.003
Glycerol 49.10 3.18 1.6
Lipase* 1.10 2.73 0.030
Mannanase, endo-1,4-beta * 0.32 2.64 0.008
Phenoxyethanol 0.09 3.27 0.003
Propylene Glycol 13.25 3.45 0.46
Protease (Subtilisin)* 1.26 3.09 0.039
Proxel 0.13 4.91 0.006
Sorbitol 29.03 2.27 0.66
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.

Table 15. P20ASys Score for the Stabilizer and Enzyme Components of Formulation #5

Formulation #5 En?yme & Stabilizer % Weight | P20ASys Score | Weighted Score
Chemicals

DSAA 0.04 2.64 0.001
Alpha-amylase* 2.78 2.64 0.073
Calcium Chloride, anhydrous 0.06 3.82 0.002
Cellulase* 2.16 2.91 0.063
Glycerol 47.12 3.18 1.5

Lipase* 1.08 2.73 0.030
Mannanase, endo-1,4-beta * 0.31 2.64 0.008
Phenoxyethanol 0.93 3.27 0.030
Propylene Glycol 14.82 3.45 0.51
Protease (Subtilisin)* 1.24 3.09 0.038
Proxel 0.12 491 0.006
Sodium Formate 0.93 3.82 0.035
Sorbitol 28.41 2.27 0.65
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.

Table 16 provides the weighted P20ASys score for the stabilizer and enzyme components and the

percentage of stabilizer/enzyme components for each of the five formulations.
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Table 16. Stabilizer and Enzyme Component Scores and Percent Composition

Enzyme and Stabilizer

c

% Er;:‘a/:;ﬁzae:d Percentage CE N (2

S Enzyme Stabilizer System . . Weighted P20ASys

£ Weighted in Detergent

= Score for the

A P20ASys score )
Formulation

1 No stabilizer 2.9 1.67% 0.049

2 Sodium formate stabilizer 3.5 4.6% 0.16

3 Boric acid a'er glycerol 36 6.6% 0.23

stabilizer
4 4-FPBA stabilizer 2.9 1.67% 0.049
5 DSAA stabilizer 2.9 1.67% 0.049

GreenScreen Analysis of Enzymes and Stabilizers

Unlike with P20ASys, the GreenScreen™ is not designed to evaluate overall formulations, but rather
focuses on assessing the hazards associated with individual chemicals. As discussed above, detergent
components dominate the overall formulation hazard profile. Therefore, as with the P20ASys analysis,
the impact of the individual enzyme and stabilizer components provides the most insight into the impact
of modifying the stabilizer system on the overall formulation.

Figure 2 illustrates the breakdown (by weight percentage) of chemicals by GreenScreen™ benchmark
(ignoring data gaps) for the enzyme and stabilizer systems of each of the five formulations.

As illustrated in Figure 2, the use of boric acid in the stabilizer package for Formulation 3 creates a
significantly less desirable formulation from a chemical hazard perspective. The difference between
Formulations 1, 4 and 5, on the other hand, is relatively insignificant when focusing on the GreenScreen”
benchmarks that ignore data gaps. Based on the GreenScreen™ analysis, the preferred stabilizer package
is the DSAA formulation, which does not contain any benchmark 1'? chemicals, and has an overall
hazard profile similar to the formulation that uses no stabilizer. In addition, it appears that, with the
limited data available, the benchmark for DSAA is likely a preferable alternative to 4-FPBA.

 This relates only to the benchmark scores that ignore data gaps. This assessment could change if data gaps were
able to be adequately addressed.
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Figure 2: Enzyme/Stabilizer Systems - Comparison by
Percentage of Benchmark (ignoring data gaps)
Chemicals per Formulation
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Performance and Cost Evaluation

Chemical alternatives assessments include an assessment of the technical performance and cost
considerations for the chemicals under evaluation. The technical performance and cost information
necessary for this evaluation, which was to be developed by the cleaning solutions formulator, was not
available at the time this report was finalized. Therefore, this chemical alternatives assessment,
including the conclusions and recommendations, is only based upon the chemical hazard evaluation.
However, we can assume that the company did an initial assessment of both the performance and cost
implications of the various formulas, and found them to be acceptable enough to warrant further
consideration.

Conclusions and Recommendations

TURI evaluated the various detergent formulations using two chemical hazard comparison tools —
P20ASys and GreenScreen”. These tools were helpful in determining if the optimized stabilization
systems are safer than the conventional stabilization systems.

The P20ASys tool relies on information available from material safety data sheets (MSDS) and product
technical data sheets along with professional judgment for the 61 hazard characteristics addressed. This
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tool is used by the TURI Cleaning Laboratory to evaluate various cleaning products and processes and
their alternatives. Itis worth noting that the P20ASys methodology is typically conducted at the
formulation level, and the final aggregated score is heavily dependent upon the weight percentage of
each of the individual chemicals in the formulation. With this in mind, it is helpful to consider the
stabilizer/enzyme component of the overall formulation separately. Based on the P20ASys analysis of
the various stabilizer/enzyme packages, the two optimized stabilizer systems (associated with
Formulations #4 and #5) did, in fact, result in an overall stabilizer/enzyme score that was approximately
equivalent to that of Formulation #1 which uses no stabilizer (e.g., an aggregate weighted P20ASys
score of 2.9). In contrast, the aggregated stabilizer/enzyme weighted scores for the conventional
stabilizer systems were higher (less favorable) — with scores of 3.5 (Formulation #2) and 3.6
(Formulation #3).

The GreenScreen™ tool and methodology is fundamentally different than the weighted average
approach of the P20ASys tool. Specifically, a high hazard score for a critical (e.g., Group 1 Human
Health) endpoint always results in the least favorable (Benchmark 1) overall score. In order to generate
reproducible results, it also requires a more thorough review of the individual components of the
various formulations. This process facilitates a comprehensive data gathering effort to better
understand the relevant hazards associated with the chemicals used in the various formulations. The
GreenScreen™ analyses include data from authoritative scientific and government sources (see
Appendix D), as well as from company dossiers (as part of the European Union REACH registration
process) and MSDSs. The results of this analysis (presented in detail in Appendix C) demonstrate that
one of the primary components of the conventional stabilization systems (boric acid) is categorized as a
Benchmark 1 chemical, and should therefore be avoided®. These components receiving a Benchmark 1
should be the focus of substitution efforts to identify safer ingredients.

It is important to note, however, that the presence of significant data gaps for both the DSAA and 4-
FPBA stabilizers limits the reliability of these conclusions. The cleaning solutions formulator would
therefore benefit from conducting additional toxicology testing to better characterize both 4-FPBA and
DSAA. Specifically, testing for carcinogenicity and reproductive and developmental toxicity are priority
needs. Additional testing for Group Il Human health hazards, particularly systemic toxicity, neurotoxicity
and respiratory sensitization, should also be conducted.

Based on our analysis of the various chemicals and formulations used by the cleaning solutions
formulator, the following recommended actions should be considered as part of an overall strategy for
creating safer detergent formulations:

e Avoid using stabilizer systems that contain boric acid.

e Consider conducting additional testing to fill data gaps, particularly associated with chemicals
for which a Benchmark U was assigned. Working with complete Benchmarks will allow the
cleaning solutions formulator to make more informed decisions on potential reformulations.

Pn addition, the base detergent ingredient calcium chloride dihydrate was identified as a Benchmark 1 chemical.
Components receiving a Benchmark 1 should be the focus of substitution efforts to identify safer ingredients.
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e Investigate the feasibility of using safer enzyme product ingredients. Specifically, try to move
away from the use of Proxel (highest P20ASys score) by identifying well characterized
alternatives that provide the needed functionality.

e Calcium chloride dihydrate is identified as a Benchmark 1 chemical. This is largely because of
limited data indicating high hazard associated with mutagenic impacts. Conducting additional
mutagenicity testing on this chemical could provide better evidence of an effect.

e Obtain performance and cost data so that a full chemical alternatives assessment can be
conducted for the chemicals contained in the five detergent formulations.
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Appendix A: P20ASys Hazard Screening Ratings

The populated cells with no color indicate data values that were obtained from material safety data

sheets or relevant technical data sheets. The populated cells with a brown color denote values that

were determined using professional judgment. The non-populated cells with no color indicate data gaps

on the MSDS. A score of “NA” indicates that the hazard characteristic is not applicable for the particular

chemical.

Table Al: P20ASys Scoring for Water, Alcohols C12 - 15 ethyoxylated, Sodium laureth sulfate, Sodium

citrate anhydrous, and Calcium chloride dihydrate

Alcohols, Sodium Sodium Calcium
Endpoint Unit Water C12 - 15, Laureth citrate, c'hloride,
ethoxylated Sulfate anhydrous dihydrate
7732-18-5 | 68131-39-5 9004-82-4 68-04-2 10035-04-8
Acute human effects
Inhalation LCs, ppm
PEL/TLV ppm
PEL/TLV (dusts/particles) mg/m3
IDLH ppm
Respiratory irritation L/M/H L L/M M L/M M
Oral LDs, mg/kg 500 >5000
Dermal irritation L/M/H M M L/M M
Skin absorption L/M/H M M L L/M
Dermal LDs, mg/kg
Eye irritation L/M/H L M/H L/M L/M M/H

Chronic human effects

Reference Dose RfD mg/kg/day

Carcinogen IARC/EPA Class L L L L L
Mutagen L/M/H L L L L L/M
Reproductive effects L/M/H L L L/M L L
Neurotoxicity L/M/H L L L L L
Developmental effects L/M/H L L L L L
Respir sensitivity/disease L/M/H L L M L L
Other chronic organ effects L/M/H L L L L M

Physical hazards

Heat WBGT, °C

Noise generation dBA

Vibration m/S2

Ergonomic hazard L/M/H M L/M M M
Psychosocial hazard L/M/H L M L/M L L/M

Aquatic hazards

Water Quality Criteria (HWQC) mg/I
Aquatic LCs, mg/I 0.4
Fish NOAEC mg/|
Plant ECs, mg/|
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Persistence/bioaccumulation

Alcohols, Sodium Sodium Calcium
Endooint Unit Water C12-15, Laureth citrate, chloride,
ndpoin n ethoxylated Sulfate anhydrous dihydrate
7732-18-5 | 68131-39-5 | 9004-82-4 68-04-2 10035-04-8
Observed ecological effects L/M/H L M L/M L/M L

Atmospheric hazard

Persistence L/M/H L L L L
BOD half-life days

Hydrolysis half-life days

Bioconcentration log kow

Bioconcentration factor (BCF) kg/I

Disposal hazard

Greenhouse gas Y/N N N N N N
Ozone depletor ODP units N N N N N
Acid rain formation Y/N N N N N N
NESHAP Y/N N N N N N

Landfill L/M/H L M L/M L L
EPCRA reportable quantity Ibs no value no value no value
Incineration L/M/H L M L/M L L

Energy & resource use

Recycling L/M/H L M M M M
Vapor pressure mm Hg 0.01
Solubility in water mg/L

Specific gravity no units

Flammability 0,1,2,3,4 0 1 1 0
Flash point °C >100 >93.9 25

Reactivity 0,1,2,3,4 0 0 0 0
pH pH units 7 6.75 8.11 8 6.5
Corrosivity L/M/H L L L L/M L
High pressure system L/M/H L L L L L
High temperature system L/M/H L L L L L
Mixture/reaction potential L/M/H L L/M L L L
Odor threshold L/M/H L L/M L L L
Volatile organic compound L/M/H L L M L L

Product hazard

Non renewable resource L/M/H L L/M L/M L/M L/M
Water use L/M/H L/M M M M M
Energy use L/M/H L/M L L L L

|

Upstream effects L/M/H L L/M L/M L

Consumer hazard L/M/H L L L/M L

Disposal hazard L/M/H L M L L
Exposure potential

Exposure potential L/M/H L L/M L/M L/M L/M
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Table A2: P20ASys Scoring for Calcium Chloride, anhydrous, Sodium Formate, Boric Acid, Glycerol, and

Propylene Glycol

Endpoint

Unit

Calcium Sodium Propylene
Chloride, Boric Acid | Glycerol Py
Formate Glycol
anhydrous
10043-52-4 | 141-53-7 | 10043-35-3 | 56-81-5 57-55-6

Acute human effects e

Inhalation LCs, ppm

PEL/TLV ppm

PEL/TLV (dusts/particles) mg/m3 2 10 10

IDLH ppm

Respiratory irritation L/M/H L/M L/M L/M L/M

Oral LDs, mg/kg 2,301 11,200 2,660 12,600 > 20,000

Dermal irritation L/M/H L L/M L/M L/M L/M

Skin absorption L/M/H M L/M M L

Dermal LDs, mg/kg 10000 > 2,000

Eye irritation L/M/H H L/M L/M L/M L/M

Chronic human effects
Reference Dose RfD mg/kg/day
Carcinogen IARC/EPR L L L L L
ass

Mutagen L/M/H L/M L M L L

Reproductive effects L/M/H L L M L L

Neurotoxicity L/M/H L L L L L

Developmental effects L/M/H L L M L L

Respir sensitivity/disease L/M/H L L L L

Other chronic organ effects L/M/H M M M L/M L/M

Heat WBGT, °C

Noise generation dBA

Vibration m/s’

Ergonomic hazard L/M/H M M M M L/M

Psychosocial hazard L/M/H L/M L M L L

Water Quality Criteria (HWQC) mg/|

Aquatic LCsg mg/| 10,650 954 279 55 40,613

Fish NOAEC mg/I

Plant ECs, mg/| 790 19,000

Observed ecological effects L/M/H L/M L/M L L

Persistence L/M/H L M L L/M L

BOD half-life days 28

Hydrolysis half-life days

Bioconcentration log kow <3

Bioconcentration factor (BCF) kg/I 0.09
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Endpoint

Atmospheric hazard

Unit

Calcium

Chloride, Sodium Boric Acid Glycerol Propylene
Formate Glycol
anhydrous
10043-52-4 | 141-53-7 | 10043-35-3 | 56-81-5 57-55-6

Chemical hazard

Greenhouse gas N N N N N
Ozone depletor ODP units N N N N N
Acid rain formation Y/N N N N N N
NESHAP Y/N N N N N N
DISPO °

Landfill L/M/H L L L/M L/M L/M
EPCRA reportable quantity Ibs no value

Incineration L/M/H L L L L L/M
Recycling L/M/H L/M

Energy & resource use

Vapor pressure mm Hg

Solubility in water mg/L

Specific gravity no units

Flammability 0,1,2,3,4 0 1 0 1 1
Flash point °C 160 104
Reactivity 0,1,2,3,4 0 0 0 0 0
pH pH units 7.7 5.1

Corrosivity L/M/H L L L/M L L
High pressure system L/M/H L L L L L
High temperature system L/M/H L L L L L
Mixture/reaction potential L/M/H L L M L/M L
Odor threshold L/M/H L L/M L L/M

Volatile organic compound L/M/H L L

Product hazard

Non renewable resource L/M/H
Water use L/M/H M M M L/ M L
Energy use L/M/H

Upstream effects L/M/H

Consumer hazard L/M/H L/M L/M M L

Disposal hazard L/M/H L L M L/M
Exposure potential

Exposure potential L/M/H L/M L/M L/M L L/M
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Table A3: P20ASys Scoring for Protease, Ethoxylated fatty alcohol C11 — C15, Sorbitol, Alpha-Amylase,

Phenoxy ethanol, and Mannanase, endo-1,4-beta

Chronic human effects

Ethoxylated Mann-
Protease fatty alcohol, . Alpha- Phenoxy anase,
e Sorbitol
Endpoint Unit (Subtilisin) Cl11-C15 amylase ethanol endo-
(Softanol 90) 1,4-beta
37288-
9014-01-1 68131-40-8 50-70-4 9000-90-2 122-99-6 543
Inhalation LCs, ppm
PEL/TLV ppm
PEL/TLV (dusts/particles) mg/m3 0.00006
IDLH ppm
Respiratory irritation L/M/H L/M L/M L L/M L/M L/M
Oral LDg, mg/kg 2,000 1,800 17,800 1,840
Dermal irritation L/M/H M L L/M L L/M
Skin absorption L/M/H L/M M L L/M L/M L/M
Dermal LDs, me/kg 7,100 14,391
Eye irritation L/M/H M/H M/H L L/M M L/M

effects
Physical hazards

Reference Dose RfD mg/kg/day

Carcinogen |A2|ca/ SESPA L L L L L L
Mutagen L/M/H L L L L L L
Reproductive effects L/M/H L L L L L L
Neurotoxicity L/M/H L L L L L L
Developmental effects L/M/H L L L L L L
Respir sensitivity/disease L/M/H M L L L/M L/M L
Other chronic organ L/M/H L L L L UM UM

Persistence/
bioaccumulation

Heat WBGT, °C

Noise generation dBA

Vibration m/s’

Ergonomic hazard L/M/H M M L/M M M M
Psychosocial hazard L/M/H L L/M L L/M L/M L
Water Quality Criteria

(HWQC) me/!

Aquatic LCs, mg/| >100 0.1 345

Fish NOAEC mg/|

Plant ECs, mg/| > 500

Observed ecological

effects L/M/H M L L L L

Persistence L/M/H L L L L L
BOD half-life days 28 10

Hydrolysis half-life days
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(BCF)
Atmospheric hazard

Ethoxylated Mann-
Protease fatty alcohol, . Alpha- Phenoxy anase,
e Sorbitol
Endpoint Unit (Subtilisin) C11-C15 amylase ethanol endo-
P (Softanol 90) 1,4-beta
37288-
9014-01-1 68131-40-8 50-70-4 9000-90-2 122-99-6 543
Bioconcentration log kow
Bioconcentration factor ke/! <100

Energy & resource use
Non renewable resource

L/M/H

L/M

Greenhouse gas Y/N N N N N N N

Ozone depletor ODP units N N N N N N

Acid rain formation Y/N N N N N N N

NESHAP Y/N N N N N N N
DISPOSa azard

Landfill L/M/H L L/M L L L L

EPCRA reportable Ibs

quantity

Incineration L/M/H L L/M L L L L

Recycling L/M/H L/M L/M L L L L

Vapor pressure mm Hg 0.01 0.0043

Solubility in water mg/L

Specific gravity no units

Flammability 0,1,2,3,4 0 0 0 0 0 1

Flash point °C 193 119

Reactivity 0,1,2,3,4 0 0 0 0 0 0

pH pH units 6.5

Corrosivity L/M/H L L L

High pressure system L/M/H L L L

High temperature system L/M/H L L L

Mixture/reaction

] L/M/H L L L L L L

Odor threshold L/M/H L L/M L/M L L L

Volatile organic L/M/H L LM L L L L

compound

‘

Water use L/M/H L L L/M L/M L/M L/M
Energy use L/M/H L L L L L L
Upstream effects L/M/H L L L L L L
Consumer hazard L/M/H L L L
Disposal hazard L/M/H L L L
Exposure potential

Exposure potential L/M/H L L L L L L
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Table A4: P20ASys Scoring for Proxel, Lipase, Cellulose, DSAA, and 4-FPBA

Endpoint

Unit

4-FPBA - 4-
DSAA - formylphenyl
Proxel Lipase Cellulase DiSubstituted boronic acid
Alaninamide (MSDS supplied by
the cleaning
solutions company)
9001- ) .
2634-33-5 62-1 9012-54-8 confidential 87199-17-5

Acute human effects

Inhalation LCs, ppm

PEL/TLV ppm

PEL/TLV (dusts/particles) mg/m3 2

IDLH ppm

Respiratory irritation L/M/H L/M L/M M L/M
Oral LD, me/kg > 2,000 > 2,000
Dermal irritation L/M/H L/M L/M M L L
Skin absorption L/M/H L/M L/M L/M L/M
Dermal LDs, mg/kg > 2,000
Eye irritation L/M/H M/H L/M M L L

Chronic human effects

Reference Dose RfD mg/kg/day

Carcinogen IARC/EPA Class L L L

Mutagen L/M/H L L L L L
Reproductive effects L/M/H L L L L
Neurotoxicity L/M/H L L L L
Developmental effects L/M/H L L L L
Respir. sensitivity/disease L/M/H L/M L/M L/M L L
Other chronic organ effects L/M/H L/M L/M L M M/H
Physical hazards

Heat WBGT, °C

Noise generation dBA

Vibration m/s’

Ergonomic hazard L/M/H M M M M
Psychosocial hazard L/M/H M/H L/M L/M L
Water Quality Criteria (HWQC) mg/|

Aquatic LCs mg/| 5 >88.4 64
Fish NOAEC mg/| 64
Plant ECs, mg/| 0.6 >101 >10.7
Observed ecological effects L/M/H H L L L L
Persistence L/M/H L L L L L
BOD half-life days

Hydrolysis half-life days

Bioconcentration log kow 1.8 1.36
Bioconcentration factor (BCF) kg/I
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Endpoint

Atmospheric hazard

Unit

4-FPBA - 4-

DSAA - formylphenyl
Proxel Lipase Cellulase DiSubstituted boronic acid
Alaninamide (MSDS supplied by
the cleaning
solutions company)
9001- o
2634-33-5 62-1 9012-54-8 confidential 87199-17-5

Greenhouse gas Y/N N N N N N
Ozone depletor ODP units N N N N N
Acid rain formation Y/N N N N N N
NESHAP Y/N N N N N N
DISPOSa azard

Landfill L/M/H L L L L L
EPCRA reportable quantity Ibs

Energy & resource use
Non renewable resource

L/M/H

Incineration L/M/H L L L L L
Recycling L/M/H L L L M L/M
Vapor pressure mm Hg 2.48E-07
Solubility in water mg/L 1,400 810
Specific gravity no units 1.17 1.4021at20°C
Flammability 0,1,2,3,4 0 0 1 1 1
Flash point °C >100 207
Reactivity 0,1,2,3,4 0 0 0 0

pH pH units 10

Corrosivity L/M/H H L L L H
High pressure system L/M/H L L L L L
High temperature system L/M/H L L L L L
Mixture/reaction potential L/M/H L L L L L
Odor threshold L/M/H L L L L
Volatile organic compound L/M/H L L L L L

Water use

L/M/H

L/M

L/M

Energy use
Product hazard
Upstream effects

L/M/H

L/M/H

L/M

—
—
—
(e |

Consumer hazard L/M/H L/M L

Disposal hazard L/M/H L L

Exposure potential

Exposure potential L/M/H M L L L L
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P20ASys Results for Overall Formulations

Using P20ASys, TURI derived the scores for the overall formulations:

Formulation 1: No stabilizer included in this formulation.

Formulation 2: Conventional Stabilization System A, with higher pH for industrial detergent

applications — stabilizer contains sodium formate.

Formulation 3: Conventional Stabilization System B, with lower pH for residential detergent

applications — stabilizer contains boric acid and propylene glycol.

Formulation 4: Optimized Stabilization System C, using 4-FPBA, with significantly less boron than

Conventional System B.

Formulation 5: Optimized Stabilization System D, using peptide-based DSAA chemistry with no

boron in this formulation.

Table A5. P20ASys Score for Formulation #1

Formulation #1 Chemicals | % Weight | P20ASys Score | Weighted Score**
Water 63.25 2.18 1.4
Alcohols, Cy,-15, ethoxylated 20.00 4.55 0.91
Sodium laureth sulfate 10.00 4.27 0.43
Sodium citrate, anhydrous 5.00 3.36 0.17
Calcium chloride, dihydrate 0.101 3.91 0.004
Alpha-amylase* 0.045 2.64 0.001
Cellulase* 0.035 2.91 0.001
Glycerol 0.778 3.18 0.025
Lipase* 0.0175 2.73 0.000
Mannanase, endo-1,4-beta * 0.005 2.64 0.000
Phenoxyethanol 0.015 3.27 0.000
Propylene Glycol 0.235 3.45 0.008
Protease (Subtilisin)* 0.0202 3.09 0.001
Proxel 0.002 4.91 0.000
Sodium Formate 0.015 3.82 0.001
Sorbitol 0.46 2.27 0.010
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.
** Weighted score = % Weight * P20ASys Score
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Table A6. P20ASys Score for Formulation #2

Formulation #2 Chemicals | % Weight | P20ASys Score | Weighted Score**
Water 60.25 2.18 1.3
Alcohols, Cy5-15, ethoxylated 20.00 4.55 0.91
Sodium laureth sulfate 10.00 4.27 0.43
Sodium citrate, anhydrous 5.00 3.36 0.17
Calcium chloride, dihydrate 0.10 3.91 0.004
Sodium formate 3.015 3.82 0.12
Alpha-amylase* 0.045 2.64 0.001
Cellulase* 0.035 2.91 0.001
Glycerol 0.778 3.18 0.025
Lipase* 0.0175 2.73 0.000
Mannanase, endo-1,4-beta * 0.005 2.64 0.000
Phenoxyethanol 0.015 3.27 0.000
Propylene Glycol 0.235 3.45 0.008
Protease (Subtilisin)* 0.0202 3.09 0.001
Proxel 0.002 4.91 0.000
Sorbitol 0.46 2.27 0.010
Total 100 3.0

*Defined as enzyme concentrate, dry matter basis.
** Weighted score = % Weight * P20ASys Score
Table A7. P20ASys Score for Formulation #3

Formulation #3 Chemicals | % Weight | P20ASys Score | Weighted Score**
Water 58.25 2.18 1.30
Alcohols, Cy,-15, ethoxylated 20.00 4,55 0.91
Sodium laureth sulfate 10.00 4.27 0.43
Sodium citrate, anhydrous 5.00 3.36 0.17
Calcium chloride, dihydrate 0.10 3.91 0.004
Boric Acid 2.00 4.64 0.093
Glycerol*** 3.778 3.18 0.12
Alpha-amylase* 0.045 2.64 0.001
Cellulase* 0.035 2.91 0.001
Lipase* 0.0175 2.73 0.000
Mannanase, endo-1,4-beta * 0.005 2.64 0.000
Phenoxyethanol 0.015 3.27 0.000
Propylene Glycol 0.235 3.45 0.008
Protease (Subtilisin)* 0.0202 3.09 0.001
Proxel 0.002 491 0.000
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Formulation #3 Chemicals | % Weight | P20ASys Score | Weighted Score**
Sodium Formate 0.015 3.82 0.001
Sorbitol 0.46 2.27 0.010
Total 100 3.0

*Defined as enzyme concentrate, dry matter basis.

** Weighted score = % Weight * P20ASys Score

***provides the aggregate weight for all glycerol subtotals.

Table A8. P20ASys Score for Formulation #4

Formulation #4 Chemicals % Weight | P20ASys Score | Weighted Score**

Water 63.30 2.18 1.4
Alcohols, Cq,-15, ethoxylated 20.00 4.55 0.91
Sodium laureth sulfate 10.00 4.27 0.43
Sodium citrate, anhydrous 5.00 3.36 0.17
Calcium chloride, dihydrate 0.10 3.91 0.004
4-FPBA - 4-formylphenyl boronic acid | 0.0085 3.36 0.000
Alpha-amylase* 0.045 2.64 0.001
Calcium Chloride, anhydrous 0.001 3.82 0.000
Cellulase* 0.035 291 0.001
Ethoxylated fatty alcohol, C11-Cy5 0.001 4.00 0.000
Glycerol 0.778 3.18 0.025
Lipase* 0.0175 2.73 0.000
Mannanase, endo-1,4-beta * 0.005 2.64 0.000
Phenoxyethanol 0.0015 3.27 0.000
Propylene Glycol 0.21 3.45 0.007
Protease (Subtilisin)* 0.0202 3.09 0.001
Proxel 0.002 491 0.000
Sorbitol 0.46 2.27 0.010
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.

** Weighted score = % Weight * P20OASys Score

Table A9. P20ASys Score for Formulation #5

Formulation #5 Chemicals % Weight | P20ASys Score | Weighted Score**

Water 63.26 2.18 1.4
Alcohols, C;5-15, ethoxylated 20.00 4.55 0.91
Sodium laureth sulfate 10.00 4,27 0.43
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Formulation #5 Chemicals % Weight | P20ASys Score | Weighted Score**
Sodium citrate, anhydrous 5.00 3.36 0.17
Calcium chloride, dihydrate 0.10 3.91 0.004
DSAA - Disubstituted Alaninamide | 0.0007 2.64 0.000
Alpha-amylase* 0.045 2.64 0.001
Calcium Chloride, anhydrous 0.001 3.82 0.000
Cellulase* 0.035 2.91 0.001
Glycerol 0.763 3.18 0.024
Lipase* 0.0175 2.73 0.000
Mannanase, endo-1,4-beta * 0.005 2.64 0.000
Phenoxyethanol 0.015 3.27 0.000
Propylene Glycol 0.24 3.45 0.008
Protease (Subtilisin)* 0.0202 3.09 0.001
Proxel 0.002 491 0.000
Sodium Formate 0.015 3.82 0.001
Sorbitol 0.46 2.27 0.010
Total 100 2.9

*Defined as enzyme concentrate, dry matter basis.
** Weighted score = % Weight * P20ASys Score

There is limited difference (2.9 to 3.0) between the overall P20ASys scores for the five different
formulations. However this is not unexpected, as the five ingredients of the base detergent (water,
alcohols, sodium laureth sulfate, sodium citrate anhydrous, and calcium chloride dihydrate) are included
in each of the five formulations assessments and comprise a majority of the formulation weight
(approximately 92% to 97% of the total formulation weight).

Formulations #1, #4, and #5 have the best P20ASys formulation scores (all three formulations are
approximately 2.9). This is because they either have no stabilizer (Formulation #1) or they have very low
concentrations of stabilizer components that have a P20ASys score very close to the Formulation #1
overall score of 2.9. Formulation #4 has a low concentration (0.0085%) of stabilizer 4-FPBA with a
P20ASys score of 3.36. Formulation #5 has a low concentration (0.0007%) of stabilizer DSAA with a
P20ASys score of 2.64.

In contrast, Formulations #2 and #3 had higher overall P20ASys scores of 3.5 and 3.6, respectively.
These formulations have relatively high stabilizer concentrations, and the P20ASys scores for these
stabilizer components are in general higher than the other formulation components. Formulation #2
had stabilizer component sodium formate at 3% concentration with a P20ASys score of 3.82.
Formulation #3 had stabilizer component boric acid at 2% concentration with a P20ASys score of 4.64.
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Appendix B:

P20ASys Professional Judgment Scoring Methodology

Hazard Characteristics L(2) L/M (4) M (6) M/H (8) H (10)
Acute human Inhalation LCs, > 10,000 >1,000 > 150 > 15 <15
effects (ppm)
PEL/TLV (ppm) 200 100 25 5 <5
3
PELTILY (gt 10 5 1 0.1 <0.1
(dusts/particles)
IDLH (ppm) 1,000 500 50 10 <10
Respiratory irritation | Non-irritating Evidence in humans Evidence in humans Evidence in Existing human and
and animals shows or animals shows humans or animals | animal data, in vitro
slight or minor mild reversible shows reversible data or information
reversible respiratory | respiratory irritation respiratory from structurally
irritation effects effects irritation effects related compounds
shows irreversible
damage to the
respiratory system
Oral LDy (mg/kg bw) | 5,000 500 50 5 <5
Dermal irritation Non-irritating Evidence in humans Evidence in humans Evidence in Existing human and
and animals shows or animals shows humans or animals | animal data, in vitro
slight or minor mild reversible skin shows reversible data or information
reversible skin irritation effects; GHS | skin irritation from structurally
irritation effects category 3 effects; GHS related compounds
category 2 shows irreversible skin
burns; GHS category
1A, 1B or 1C
Skin absorption Not expected to be Repeated skin Harmful if absorbed Evidence show Evidence shows skin
absorbed through exposure may result through skin; skin potential to be absorption is very
skin in absorption of absorption is of absorbed through likely and a major
harmful amounts moderate concern skin; toxic if exposure route of
absorbed through concern; fatal if
skin absorbed through skin
Efvr)ma' LDso(me/ke | 5 g0 500 50 5 <5
Eye irritation Non-irritating Evidence in humans Evidence in humans Evidence in Existing human and
and animals shows or animals shows humans or animals | animal data, in vitro
slight or minor mild reversible eye show reversible data or information
reversible eye irritation effects irritation effects on | from structurally
irritation effects the eyes from related compounds
single or repeated shows irreversible eye
exposure; GHS damage; GHS category
category 2A or 2B 1A, 1B or 1C
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Hazard Characteristics L(2) L/M (4) M (6) M/H (8) H (10)
Chronic human Reference Dose RfD
effects (me/kg bw/d) 0.1 0.05 0.01 0.001 <0.001
Carcinogen Not classified as a Suspected to be Known or presumed
carcinogen; IARC carcinogenic to to have carcinogenic
Group 3 or 4; EPA humans; GHS potential in humans;
Group D or E category 2; IARC GHS category 1A or
2B, EU category 3; 1B; IARC Group 1 or
EPA Group C 2A; California
Proposition 65; NIOSH
Carcinogen List; NTP
known or reasonably
anticipated to be
human carcinogen; EU
category 1 or 2; EPA
Groups A, B1 or B2
Mutagen Not classified as a Evidence show Known or regarded to

mutagen

possibility of
inducing heritable
mutations in the
germ cells of
humans; GHS
category 2; EU
category 3

induce heritable
mutations in the germ
cells of humans; GHS
category 1A or 1B; EU
category 1 or 2

Reproductive effects

Not expected to
cause reproductive
effects

Suspected human
reproductive
toxicant (damaging
fertility or unborn
child); GHS
category 2; EU
category 3

Known or presumed
human reproductive
toxicant (damaging
fertility or unborn
child); GHS category
1A or 1B; California
Proposition 65; NTP
Center for the
Evaluation of Risks to
Human Reproduction;
EU category 1 or 2

Neurotoxicity

Not classified or
known to be
neurotoxic

Relevant chemical
class known to
produce neurotoxic
effects

Animal studies and
analog data on
chemical suggest
neurotoxic effects

Evidence in humans
shows potential
neurotoxic effects of
exposure to chemical

Developmental
effects

Not expected to
cause developmental
effects

Chemical class known
to produce
developmental
effects

Animal studies and
analog data
suggest
developmental
effects

Evidence in humans
shows developmental
effects
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Hazard Characteristics L(2) L/M (4) M (6) M/H (8) H (10)
Respiratory Professional
judgment

sensitivity/ disease

Other chronic organ
effects

Not expected to
cause chronic organ
effects or systemic
toxicity

Evidence shows

temporary organ or
systemic effects from
which humans can
recover following a
reasonable period of

time without

significant alteration

of structure or
function; GHS

Evidence from
studies in
experimental
animals presumed
to have the
potential to be
harmful to human
health following
single or repeated
exposure; GHS

Evidence in humans
show significant
toxicity from single or
repeated exposure;
Studies from
experimental animals
can be presumed to
have the potential to
produce significant
toxicity in humans

category 3 category 2 from single or
repeated exposure;
GHS category 1
Physical hazards | Heat (°C) 25 27 30 32 >32

Noise generation 30 85 590

(dBA)

Vibration (m/S’) 4 6 8 12 >12

Ergonomic hazard Professional

judgment

Psychosocial hazard

Water-based or materials/processes which
presents very low or no safety concerns to
workers; workers motivated to develop and
utilize skills on the job; opportunities for
workers to be involved in work-related
decision making; low stress work

Moderate safety concerns about work
materials/processes; moderate job
demands; workers involvement in decision
making but with certain limitations;
opportunity to develop and utilize skills but
not to full potential; some work-related

Solvent-based or
materials/processes
which presents
significant safety
concerns to workers;
high job demands and

environment stress low or no decision
making opportunities
for workers; inability
to develop or utilize
acquired skills to full
potential; high stress
work environment
Aquatic hazards | Water Quality

Criteria (HWQC) >10 6-8 4-6 1-4 <1

(mg/L)

Aquatic LCs (mg/L) 1,000 50 1 0.1 <0.1

Fish NOAEC (mg/L) 0.2 0.02 0.002 0.0002 <0.0002

Plant ECso (mg/L) 1,000 10 1 0.1 <0.1

Observed ecological Not harmful to aquatic organisms May cause harm Harmful

effects
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Hazard

Characteristics

L(2)

L/M (4)

M (6)

M/H (8)

H (10)

Persistence/
bioaccumulation

Persistence

Not classified as
being persistent

Soil, sediment < 30
days; water < 7 days;
or ready
biodegradability

Soil, sediment 30 to
60 days; or water 7 to
40 days

Soil, sediment > 60
to 180 days; water
> 40 to 60 days; or
potential for long-

Soil, sediment > 180
days; or water > 60
days

range
environmental
transport
BOD half-life (day) 4 10 100 500 >500
Hydrolysis half-life 4 10 100 500 >500
(day)
Bioconcentration/log 1 2 4 5 >5

Kow

Bioconcentration
factor (BCF);
Bioaccumulation
factor (BAF)

BCF/BAF < 10; or
absent such data

BCF/BAF 210 - 100

BCF/BAF =100 to
200; absent such
data, log Kow > 4 to
4.5; or suggestive
evidence of
bioaccumulation in
humans or wildlife

BCF/BAF > 200 to
1,000; absent such
data, log Kow > 4.5
to 5; or weight of
evidence
demonstrates
bioaccumulation in
humans or wildlife

BCF/BAF > 1,000; or
absent of such data,
log Kow > 5

Atmospheric
hazard

Greenhouse gas

Not listed as a
greenhouse gas

Listed as a
greenhouse gas with
global warming
potential similar to
that of carbon
dioxide (CO,)

Listed as a greenhouse
gas with global
warming potential
greater than that of
carbon dioxide (CO,)

Ozone depletor

Not listed as an
ozone depletor

Listed as an ozone
depletor; Class | or Il
ozone depleting

substances
Acid rain formation Not listed as a Listed as a precursor
precursor of acid rain of acid rain
NESHAP Not listed as a Listed as a Hazardous
Hazardous Air Air Pollutant
Pollutant
Disposal hazard | Landfill Recyclable; filterable Limited use/emulsifier
EPCRAreportable | 5 5, 1,000 100 10 1
quantity (lb)
Incineration Incinerable with no Hazardous
hazardous decomposition
byproducts
Recycling Recyclable; filterable Limited use/emulsifier
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Hazard Characteristics L(2) L/M (4) M (6) M/H (8) H (10)
Chemical hazard \I-/é;)or pressure (mm 01 1 10 100 100
Minimal flammability | Slight flammability Moderate Serious Severe flammability

Flammability

hazard; will not burn;
NFPA or HMIS rating
number O

hazard; must be
preheated before
ignition can occur;
NFPA or HMIS rating
number 1

flammability hazard;
must be preheated or
high ambient
temperature to burn;
NFPA or HMIS rating
number 2

flammability
hazard; can be
ignited under all
ambient
temperatures;
NFPA or HMIS
rating number 3

hazard; will vaporize
and readily burn at
normal temperatures;
NFPA or HMIS rating
number 4

Flash point (°C) 100 75 25 10 <10
Reactivity Minimal hazard; Slight hazard; Moderate hazard; Serious hazard; Severe hazard; may
stable; NFPA or HMIS | normally stable but violent chemical may explode at explode at normal
rating number 0 high temperatures change at high high temperatures | temperatures and
make unstable; NFPA | temperatures or or shock; NFPA or pressures; NFPA or
or HMIS rating pressures; NFPA or HMIS rating HMIS rating number 4
number 1 HMIS rating number number 3
2
pH Non corrosive Existing human and

(neutral pH)

animal data, in vitro
data or information
from structurally
related compounds
shows irreversible skin
burns or eye damage;
pH<2orpH=2=11.5;
GHS category 1A, 1B
or1C

High pressure
system

Immersion system

High pressure system;
media blasting

High temperature
system

Temperature > 68 to
77 °F; cold
temperature; cold

Temperature > 77 to
100 °F

Temperature > 100 to
150 °F

Temperature > 150
to 170 °F

Temperature > 170 °F;
vapor degreasing

cleaning
Mixture/reaction No hazardous Hazardous
byproducts formed decomposition or

potential

when mixed with
other chemicals used

mixtures formed
when mixed with
chemicals used

Odor threshold

Odorless

Mild odor; faint odor;
characteristic odor;
citrus odor

Pungent odor;
irritating odor; strong
citrus smell; solvent
smell

Appendix B

Page B-v



Hazard Characteristics L(2) L/M (4) M (6) M/H (8) H (10)
Vel @i No VOC to 24 g/ 25-49 50-99 100-300 >300
compound
Energy and Non-renewable Bio-based substance; Aqueous-baseg:l Petroleum-ba.sed
AT resource biomass; renewable solvents; semi- solvents; fossil fuels;
resource renewable resource nuclear power; non-
renewable resource
Water use Solvents used; no Cascade rinsing Semi-aqueous; multi Dump rinsing Aqueous; continuous
rinsing; little to no stage rinsing without flow rinsing;
water used reuse; moderate significant quantities
guantities of water of water used
used
Energy use Temperature > 68 to | Temperature >77 to Temperature 2 100 to | Temperature > 150 | Temperature > 170 °F

77 °F for cleaning;

100 °F for cleaning;

150 °F for cleaning;

to 170 °F for

for cleaning; vapor

cold/room immersion cleaning low pressure spray cleaning; heated degreasing; ultrasonic;
temperature system cleaning; high pressure cleaning
cleaning; manual mechanical
cleaning agitation
Product hazard | Upstream effects Professional

judgment

Consumer hazard Aqueous; green Solvent
cleaners, renewable
materials

Disposal hazard Resources conserved; | Materials re-used Recyclable; Recovery; Landfill disposal;

waste reduction

more than once

compostable

incineration to
convert waste to
energy (power
and/or heat)

incineration; disposal
without any value
recovered

Exposure
potential

Exposure potential

Low dustiness; low
volatility; no control
equipment required;
no exposure
concerns

Medium dustiness;
medium volatility;
control equipment
recommended;
concerns over
potential exposure

High dustiness; high
volatility; control
equipment required;
exposure very likely
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Appendix C: GreenScreen™ Chemical Hazard Assessment Summary
Tables

This Appendix provides the data, hazard score and benchmarks for each of the components of the
various detergent formulations used by the cleaning solutions company. The following table indicates
the order of the various chemicals assessed, as presented in this Appendix. The colors indicate the
preliminary benchmark score for each chemical (ignoring data gaps). More detail is provided in the
individual hazard score tables.

GreenScreen” | GreenScreen”
Component Function Chemical Benchmark Score Ignoring
Score Data Gaps
Stabilizer Package Glycerol 3 3
Components DSAA U 3
4-FPBA U 2
Sodium formate 2 2
BO ACIC
Base Detergent Water 4 4
Components Sodium citrate, anhydrous u 3
Alcohols, Cy,-15, ethoxylated U 2
Sodium laureth sulfate U 2
Enzyme Product Sorbitol U 4
Components Propylene glycol 3 3
Lipase 2 2
Mannanase, endo-1,4-beta U 3
Cellulase u 2
Protease (Subtilisin) u 2
Alpha-amylase u 2
Calcium chloride, anhydrous u 2
Ethoxylated fatty alcohol, C11-Cy5 2 2
>10-20% 1,2- U 5
Proxel | Benzisothiazolin-3-one
5-10% Sodium hydroxide U 2
Phenoxyethanol U 3
In the following data tables, the hazard scores are indicated as follows: Hazard Score
Very High
High
Moderate M
Low L
Very Low
Data gap DG
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Stabilizers Package Components

Boric acid, CAS# 10043-35-3
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§ REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9c¢85f941-5dd4-6d9c-e044-00144f67d249/DISS-9c85f941-5dd4-6d9c-e044-

00144f67d249 DISS-9c85f941-5dd4-6d9c-e044-00144f67d249.html

Benchmark = BM 1e'®

!4 Research supporting this finding: Linder RE, Strader LF, Slott VL, Suarez JD. 1992. Endpoints of spermatotoxicity in the rat after short duration exposures to fourteen reproductive

toxicants. Reprod Toxicol 6(6):491-505.

15 . . . . . . R . .
As an inorganic substance, the persistence is considered in combination with chronic hazards.

'8 This benchmark level is based on the High hazard score for reproductive and developmental toxicity and endocrine disruption. This is a non-verified GreenScreen” assessment and

may not be used to make public promotional or product claims.
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DSAA (disubstituted alaninamide) CAS # Confidential
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BM U
Ignoring Data Gaps, Benchmark

Benchmark

BM 3b, ¢ '8

Daphnia are identified as the most sensitive species, therefore the hazard score is based on this data.
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™

This benchmark level is based on the Moderate hazard scores for acute aquatic toxicity and skin sensitization. This is a non-verified GreenScreen assessment and may not be used to

make public promotional or product claims.
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4-FPBA (4 Formylphenyl boronic acid), CAS# 87199-17-5
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REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-eb89223b-3fe9-5b87-e044-00144f67d031/DISS-eb89223b-3fe9-5b87-e044-

00144f67d031 DISS-eb89223b-3fe9-5b87-e044-00144f67d031.html

§

BM U
Ignoring Data Gaps, Benchmark

Benchmark

BM 2f *°

™

This benchmark level is based on the High hazard score for eye sensitization. This is a non-verified GreenScreen assessment and may not be used to make public promotional or

product claims.
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Glycerol, CAS# 56-81-5
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Hazard
Level

REACH dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d855cc7-316¢-2a21-e044-00144f67d249/DISS-9d855cc7-316¢c-2a21-e044-

00144f67d249 DISS-9d855cc7-316¢-2a21-e044-00144f67d249.html

§

BM 3¢ »°

Benchmark

™

This benchmark level is based on the Moderate hazard score for eye irritation. This is a non-verified GreenScreen assessment and may not be used to make public promotional or

product claims.
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141-53-7

Sodium formate®, CAS#
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REACH dossier available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d836a42-eb75-1b31-e044-00144f67d249/AGGR-9ffd21d5-9cd7-44be-a8ca-

b184d2bcfd41 DISS-9d836a42-eb75-1b31-e044-00144f67d249.htmI#AGGR-9ffd21d5-9cd7-44be-a8ca-b184d2bcfd41

§

BM 2e 2

Benchmark

Where data gaps are found, data for formic acid and calcium formate were considered as suitable analogs.

21

The presence of minimal data for sodium formate coupled with more data from formic acid elevates the hazard score from Low to Moderate.

22

™

This benchmark level is based on the moderate hazard score for reproductive and developmental toxicity. This is a non-verified GreenScreen assessment and may not be used to

make public promotional or product claims.
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Enzyme Product Components

Alpha-amylase (solid), CAS #9000-90-2
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REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-d38d7b3c-e207-43e4-e044-00144f67d249/DISS-d38d7b3c-

€207-43e4-e044-00144f67d249 DISS-d38d7b3c-e207-43e4-e044-00144f67d249.html

Benchmark =BM U
Ignoring Data Gaps, Benchmark = BM 2f *

24 . . .
Based on inhalation values for test material as a gas or vapor.
This benchmark level is based on the hazard score for High acute toxicity (inhalation) and respiratory sensitization. This is a non-verified GreenScreen assessment and may not be

used to make public promotional or product claims.
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Cellulase, CAS# 9012-54-8
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§ REACH dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-d6b29c08-a036-58eb-e044-00144f67d031/DISS-d6b29c08-a036-58eb-e044-
00144f67d031 DISS-d6b29c08-a036-58eb-e044-00144f67d031.html

Benchmark =BM U

Ignoring Data Gaps, Benchmark = BM 2f *°

%8 This benchmark level is based on the High hazard score for acute toxicity (inhalation) and respiratory sensitization. This is a non-verified GreenScreen” assessment and may not be
used to make public promotional or product claims.
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Lipase, CAS# 9001-62-1
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REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-dffb4072-e4a3-47ae-e044-00144f67d031/DISS-dffb4072-e4a3-47ae-e044-

00144f67d031 DISS-dffb4072-e4a3-47ae-e044-00144f67d031.html

§

BM 2f ¥

Benchmark

™

This benchmark level is based on the High hazard score for respiratory sensitization. This is a non-verified GreenScreen assessment and may not be used to make public promotional

or product claims.
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Mannanase, endo-1,4-beta CAS# 37288-54-3
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REACH dossier information available at:_http://apps.echa.europa.eu/registered/data/dossiers/DISS-dffb4072-e391-47ae-e044-00144f67d031/AGGR-a2386156-641e-451d-b6ch-

8107be3cb345 DISS-dffb4072-e391-47ae-e044-00144f67d031.htmI#AGGR-a2386156-641e-451d-b6cb-8107be3cb345

§

BM U
Ignoring Data Gaps, Benchmark

Benchmark

BM 3¢ *®

Without additional support for a high score, e.g., classification by AOEC as A or Rs (unlike with the other enzymes) the score was assumed to be Moderate.

28

™

T

This benchmark level is based on the Moderate hazard score for respiratory sensitization. This is a non-verified GreenScreen assessment and may not be used to make public

promotional or product claims.
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Protease (Subtilisin), CAS# 9014-01-1
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REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9e9eedca-d1f2-3356-e044-00144f67d031/DISS-9e9eedca-d1f2-3356-e044-

00144f67d031 DISS-9e9eedca-d1f2-3356-e044-00144f67d031.html

Benchmark

§

BM U
Ignoring Data Gaps, Benchmark

BM 2f 3!

GHS classifications indicate H or vH hazard scores, but reliable data show that effects are fully reversible and moderate.
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™

This benchmark level is based on the very High hazard score for acute aquatic toxicity. This is a non-verified GreenScreen assessment and may not be used to make public

promotional or product claims.
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Calcium chloride, anhydrous CAS# 10043-52-4
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§ REACH dossier data available at:_http://apps.echa.europa.eu/registered/data/dossiers/DISS-e7627168-f7ad-63fd-e044-00144f67d031/DISS-e7627168-f7ad-63fd-e044-00144f67d031 DISS-e7627168-
f7ad-63fd-e044-00144f67d031.html and http://apps.echa.europa.eu/registered/data/dossiers/DISS-9eb43f6f-23a1-5205-e044-00144f67d031/AGGR-186c7377-893b-4af9-bbbe-4f44af2a27a0 DISS-9eb43f6f-

23a1-5205-e044-00144f67d031.htmI#AGGR-186c7377-893b-4af9-bbbe-4f44af2a27a0

™

This benchmark level is based on the Moderate hazard score for mutagenicity. This is a non-verified GreenScreen assessment and may not be used to make public promotional or

product claims.

BM 2e 32

BM U

Ignoring Data Gaps, Benchmark

Benchmark
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Ethoxylated fatty alcohol, C;,-C;5, (Softanol 90), CAS# 68131-40-8
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Benchmark = BM 2f *

%% REACH data for Softanol 30 was used as an appropriate analog: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ffc01cf-c195-2bc9-e044-00144f67d031/DISS-9ffcO1cf-
€195-2bc9-e044-00144f67d031 DISS-9ffc01cf-c195-2bc9-e044-00144f67d031.html

i Despite the REACH dossier assessment of non-irritating, presence of analog data indicating potential effect, and GHS classification indicating high hazard results in assigning a

Moderate hazard score.

** Data indicates fully reversible impact, and GHS classification indicates potential for greater concern.

36

vH hazard score based on modeled value for ecotoxicity for Softanol 90.

%7 persistence data for water and soil used, as these media represent over 90% of the partition of chemical upon entering the environment.
38 LogKow for Softanol 30 indicates moderate bioaccumulation potential, although modeled BCF value for Softanol 90 suggests low bioaccumulative potential.

% This benchmark level is based on the very High hazard score chronic aquatic toxicity. This is a non-verified GreenScreen assessment and may not be used to make public promotional
or product claims.
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http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ffc01cf-c195-2bc9-e044-00144f67d031/DISS-9ffc01cf-c195-2bc9-e044-00144f67d031_DISS-9ffc01cf-c195-2bc9-e044-00144f67d031.html
http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ffc01cf-c195-2bc9-e044-00144f67d031/DISS-9ffc01cf-c195-2bc9-e044-00144f67d031_DISS-9ffc01cf-c195-2bc9-e044-00144f67d031.html

Phenoxyethanol, CAS# 122-99-6
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Hazard
Level

REACH Dossier information available at:_http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d9ec9aa-68cf-6ad9-e044-00144f67d249/DISS-9d9ec9aa-68cf-6ad9-e044-

00144f67d249 DISS-9d9ec9aa-68cf-6ad9-e044-00144f67d249.html

§

BM U

Benchmark

BM 3b,c,d *?

Ignoring Data Gaps, Benchmark

Based on PBT Profiler model, this chemical will preferentially partition into water or soil. Sediment and air values are not relevant and not considered in the hazard score.

Data indicates moderate hazard (which trumps GHS hazard statement, which indicates high hazard).

40
4

1

This benchmark level is based on the Moderate hazard scores for Reproductive toxicity, multiple Group Il Hazards (AT, ST, N, IrS and IrE), chronic aquatic toxicity and Flammability.
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This is a non-verified GreenScreen assessment and may not be used to make public promotional or product claims.
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Propylene Glycol, CAS# 57-55-6
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REACH dossier data available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d9b1d87-f99a-6f9b-e044-00144f67d249/DISS-9d9b1d87-f99a-6f9b-e044-00144f67d249 DISS-9d9b1d87-f99a-

6f9b-e044-00144f67d249.html

§

=BM 3a,c ®

Benchmark

™

This benchmark level is based on the Moderate hazard score for persistence and Group Il endpoints. This is a non-verified GreenScreen assessment and may not be used to make

public promotional or product claims.
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Proxel, CAS# 2634-33-5 (Ingredient 1: 210-20% 1,2-benzisothiazolin-3-one)
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BM U

Benchmark

BM 2¢,f*

Ignoring Data Gaps, Benchmark

This benchmark level is based on the High hazard score for persistence + Moderate and High Group Il and I1* effects; and for very High acute and chronic ecotoxicity, and eye

44

™

irritation. This is a non-verified GreenScreen assessment and may not be used to make public promotional or product claims.
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Proxel, CAS# 1310-73-2 (Ingredient 2: 25-10% sodium hydroxide)
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REACH dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ealebb9-dbf1-0959-e044-00144f67d031/DISS-9ealebb9-dbf1-0959-

€044-00144f67d031 DISS-9ealebb9-dbf1-0959-e044-00144f67d031.html

§

BM U

Benchmark

BM 2e,f *°

Ignoring Data Gaps, Benchmark

Low confidence in occupational exposure reports lowers hazard score from H to M.

45

This benchmark level is based on the Moderate hazard score for carcinogenicity, High single exposure Systemic toxicity and very High hazard scores for skin and eye irritation. This is a

46

™

non-verified GreenScreen assessment and may not be used to make public promotional or product claims.
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http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031/DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031_DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031.html
http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031/DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031_DISS-9ea1ebb9-dbf1-0959-e044-00144f67d031.html

Sorbitol (crystalline), CAS# 50-70-4 (70% mixture with water)

Group | Human Group Il and II* Human Ecotox Fate Physical
SnS *
ST N * SnR IrS IrE AA CA P B Rx F
C M R D E AT
. Repeat . Repeat
Single ed* Single od*
29 S T3 o 2
Data from g3 o2 S || « 2 °
. . gro O X > : @
Scientific 2% | NotonPpropes S5 ¥4 R |1s] T s <
Sources or EZe list 535 o 2| B[22 8 < 2
MSDS Z2%g SEER > £3| @ 5 =
<o S Of © z
gl I
S, | ¢ 3£
£% 5 2352
>4 8 o
T o [s) = = E
Additional 22 | 22 &g
Scientific §5 | 22 8 5%
Sources £ | o= 2% %
Q 2 Q
58 | 2 Bss
m 2 K Eg®
E | e ge
5 85
Hazard
Level DG L L L DG L DG DG DG DG DG DG DG DG L L L L L

Benchmark=BM U
Ignoring Data Gaps, Benchmark = BM 4 *

%’ Based on PBT Profiler model, only water and soil persistence are relevant for this chemical.
*8 This benchmark level is based on the Low hazard score for endpoints with adequate data. This is a non-verified GreenScreen” assessment and may not be used to make public
promotional or product claims.

Appendix C Page C-xvii



Base Detergent Compounds

Alcohols, C,,-15, ethoxylated, CAS# 68131-39-5

Group | Human Group Il and II* Human Ecotox Fate Physical
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§ REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9ff36fdd-4412-2450-e044-00144f67d031/AGGR-babf4325-2d30-4ae3-b5db-
533a2a571cca DISS-9ff36fdd-4412-2450-e044-00144f67d031.html#L-20812ecf-0b85-4dd6-b00b-3e582363ab5a

Benchmark =BM U
Ignoring Data Gaps, Benchmark = BM 2e,f >

* This information is estimated based on a grouping of similar compounds. Sediment and air determined to be irrelevant media for assessment.
0 with only one study available, and with hazard statement H318, assume at least a moderate hazard of eye irritation.
51 .

Hazard score based on data rather than modeled estimates.

*2 This benchmark level is based on the Moderate developmental toxicity and very High acute aquatic toxicity scores. This is a non-verified GreenScreen” assessment and may not be
used to make public promotional or product claims.
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Sodium laureth sulfate, CAS# 9004-82-4
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Hazard

Level

REACH Dossier information available at: http://echa.europa.eu/information-on-chemicals/cl-inventory-database/-/cl-inventory/view-notification-summary/55818

§

=U

Benchmark

BM 2¢,f>*

Ignoring Data Gaps, Benchmark

These values estimated using PBT Profiler model for sodium lauryl ether sulfate. Air and Sediment determined to not be relevant media for this chemical.

53

This benchmark level is based on the High hazard score for persistence, Moderate hazard score for acute toxicity and systemic toxicity, High hazard score for skin irritation and

54

™

ecotoxicity, and very High hazard score for eye irritation. This is a non-verified GreenScreen assessment and may not be used to make public promotional or product claims.
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Calcium Chloride, dihydrate, CAS# 10035-04-8

Group | Human Group Il and II* Human Ecotox Fate Physical
C M R|p|€e]| ar ST __N sns* [snR*| Irs | IrE | AA | CA P B| Rx |F
Single | Repeated* | Single | Repeated*
Data from e _ . 8z 8o : =
Scientific £3nw S g2 s | E
Sources or pogc ) 0 & g e
MSDS g 3¢ gt go° 3 3
Hazard
Scores
from DG H DG DG DG DG DG DG DG DG DG DG DG DG DG DG DG DG L L
ToxServices
Assessment
Hazard DG DG | DG | DG L DG| DG |DG| M DG | DG | DG | DG | DG | DG DG |DG| L L
Level

Benchmark = BM 1e °°

>> This benchmark level is based on the High hazard score for mutagenicity. This is a non-verified GreenScreen” assessment and may not be used to make public promotional or product

claims.
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Sodium Citrate, anhydrous, CAS# 68-04-2
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REACH Dossier information available at: http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d83210a-6ed4-5a31-e044-00144f67d249/DISS-9d83210a-6ed4-5a31-e044-

00144f67d249 DISS-9d83210a-6ed4-5a31-e044-00144f67d249.html

Benchmark

§

BM U

BM 3b,d >

Ignoring Data Gaps, Benchmark

intraparenteral. Neither of these experimental routes of exposure is used to determine hazard score for

intravenous, IP

These test data refer to non-oral routes of exposure: IV

56

™

GreenScreen or for GHS.

57

Citric acid (CAS # 77-92-9) is a transformation product of sodium citrate.

™

This benchmark level is based on the Moderate hazard score for acute aquatic toxicity and flammability. This is a non-verified GreenScreen assessment and may not be used to make

public promotional or product claims.

58
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Water, CAS# 7732-18-5
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** Accessed at http://theic2.org/hazard-assessment

BM 4%

Ignoring Data Gaps, Benchmark

Low potential for effect based on physical properties and general evidence as an essential chemical for normal biological and physiological function.

59

Because this is an inorganic compound, and because all other hazard endpoints are low, its persistent nature does not affect the overall benchmark score. This is a non-verified

60

™

GreenScreen assessment and may not be used to make public promotional or product claims.
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Appendix D Data Resources and References

Data Resources:
Common Chemical Name: MSDS

CAS No.: MSDS

Individual Chemical Listed on TURA: MA Toxics Use Reduction Act Chemical List for Reporting Year 2012
http://www.mass.gov/eea/docs/dep/toxics/approvals/chemlist.pdf

Chemical Name (Synonyms): MSDS; U.S. National Library of Medicine, ChemIDplus Advanced
[ChemIDplus] or [CIDP], http://chem.sis.nlm.nih.gov/chemidplus/

Molecular Weight: U.S. National Library of Medicine, ChemIDplus Advanced [ChemIDplus] or [CIDP],
http://chem.sis.nlm.nih.gov/chemidplus/

Viscosity: U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),
http://toxnet.nIm.nih.gov/cgi-bin/sis/htmlgen?HSDB; MSDS

Physical State at Room Temperature: MSDS

Vapor Pressure in mmHg at ~ 20°C: U.S. National Library of Medicine, Hazardous Substances Data Bank
(HSDB), http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB; U.S. National Library of Medicine,
HAZMAP, http://hazmap.nlm.nih.gov/index.php; MSDS

Persistence, Bioaccumulation, & Toxicity Data (PBT): U.S. Environmental Protection Agency’s PBT
Profiler, http://www.pbtprofiler.net/

International Agency for Research on Cancer (IARC): http://www.iarc.fr/

Neurotoxicity: REACH Registration database: http://echa.europa.eu/information-on-

chemicals/registered-substances; U.S. National Library of Medicine, HAZMAP,

http://hazmap.nlm.nih.gov/index.php

Other recognized health effects: Asthma — Association of Occupational and Environmental Clinics
Database, http://www.aoecdata.org/ExpCodelLookup.aspx; The Endocrine Disruption Exchange (TEDX)

List of Potential Endocrine Disruptors, http://endocrinedisruption.org/endocrine-disruption/tedx-list-of-

potential-endocrine-disruptors/chemicalsearch; International Chemical Safety Cards [ICSC],

www.expub.com ; U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),

http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB; Chemical Hazard and Alternatives Toolbox
[ChemHAT], http://www.chemhat.org/; Registry of Toxic Effects of Chemical Substances [RTECS],
www.expub.com; MSDS

Reproductive/Developmental Toxicity: CA Prop 65 List,
http://www.oehha.ca.gov/prop65/prop65 list/files/041913P65list.pdf; Registry of Toxic Effects of
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http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://www.chemhat.org/
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Chemical Substances [RTECS], www.expub.com; U.S. National Library of Medicine, HAZMAP,
http://hazmap.nlm.nih.gov/index.php; Healthy Building Network [Pharos],

http://www.pharosproject.net/; MSDS

Target Organs (CNS, Liver, Other): U.S. National Library of Medicine, HAZMAP,
http://hazmap.nlm.nih.gov/index.php; National Institute for Occupational Safety and Health [NIOSH]
Pocket Guide, http://www.cdc.gov/niosh/npg/

Acute Toxicity (LDsg, LCsg): U.S. National Library of Medicine, ChemIDplus Advanced [ChemIDplus] or
[CIDP], http://chem.sis.nIm.nih.gov/chemidplus/; Registry of Toxic Effects of Chemical Substances
[RTECS], www.expub.com; U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB; REACH Registration database:
http://echa.europa.eu/information-on-chemicals/registered-substances; MSDS

Flash Point: U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB; MSDS

Reactivity: U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),
http://toxnet.nim.nih.gov/cgi-bin/sis/htmlgen?HSDB; International Chemical Safety Cards [ICSC],
www.expub.com; MSDS

Aquatic Toxicity: Chemical Hazard and Alternatives Toolbox [ChemHAT], http://www.chemhat.org/;
ECOTOX, www.expub.com; U.S. National Library of Medicine, Hazardous Substances Data Bank (HSDB),
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB; MSDS

R-phrases and H-Statements: REACH Registration database: http://echa.europa.eu/information-on-

chemicals/registered-substances; MSDS

H-Statements: EU Harmonized substance search: http://echa.europa.eu/web/guest/information-on-
chemicals/cl-inventory-database; MSDS
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Appendix E: GreenScreen Hazard Scoring Criteria

InfoTr;r;)aetlon Information Source List Type High (H) Low (L)
GHS Category 2 (Suspected)
GHS Category 1A (Known) or [ for any route of exposure or | Adequate data available, and
Data GHS Criteria & Guidance 1B (Presumed) for any route | limited or marginal evidence | negative studies, no structural
of exposure of carcinogenicity in animals | alerts, and GHS not classified.
(See Guidance)
EPA-C (1986) Authoritative Group A, B1 or B2 Group C Group E
O EPA-C (1996, 1999, 2005) Authoritative Known or Likely Not Likely
~— EU CMR (1) Authoritative Category 10r2 Category 3
> EU CMR (2) Authoritative Carc 1Aor 1B Carc 2
= EU H-statements Authoritative H350 or H350i H351
9 EU R-phrases Authoritative R45 or R49 R40
% EU SVHC Authoritative Reason IoEncusion:
Carcinogenic
8) GHS-[COUNTRY]* Lists
c A Lists (*Korea, Japan, Indonesia, Australia,  [Screening Category 1A or 1B Category 2 Not Classified
IS Europe, New Zealand, and Taiwan)
E IARC Authoritative Group 1 or 2A Group 2B Group 4
(@) MAK Authoritative Carcinogenic Group 1 or 2 | Carcinogenic Group 3, 4, or 5
NIOSH-C Authoritative Occupational Cancer
NTP-RoC Authoritative Known or; Reasonably
Anticipated
W Known to the state to cause
Prop 65 Authoritative s
EPA-C(1986) Authoritative Group D
B Lists EPA-C (1999) Authoritative Suggestive Evidence, but not sufficient to assess human carcinogenic potential
EPA-C (2005) Authoritative Suggestive evidence of carcinogenic potential
IARC Authoritative Group 3
O c O
> ® atio O = pe g LOW (L)
- e
(&) 3}
< GHS Category 2 (Suspected) | Adequate data available, and
e) GHS Category 1A (Known) or | for any route of exposure or negative studies for both
P Data GHS Criteria & Guidance 1B (Presumed) for any route | limited or marginal evidence | chromosomal aberrations and
o of exposure of mutagenicity in animals gene mutations, no structural
GC) (See Guidance) alerts, and GHS not classified.
(D ey EU CMR (1) Authoritative Category 10or2 Category 3
e EU CMR (2) Authoritative Muta 1A or 1B Muta 2
= EU H-statements Authoritative H340 H341
C_J EU R-phrases Authoritative R46 R68
qC) A Lists EU SVHC Authoritative Reason for mc_lusnon:
Mutagenic
% GHS-[COUNTRY]* Lists
-— (*Korea, Japan, Indonesia, Australia, [Screening Category 1A or 1B Category 2 Not Classified
= Europe, New Zealand, and Taiwan)
= B TMAK AUThomatve Germ Cell Mutagen 1, 2. or 3a
MAK Authoritative Germ Cell Mutagen 3b or 5§ 1
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Information Type Information Source List Type

— GHS Criteria & Guidance GHS Category 2 (Suspected) for ]

m Note: GHS Reproductive Toxicity includes both any route of exposure or limited Adequate data available, and

= Data nd dbeiapmanisl effects, whie e (Preeglsmgg;e?;rg n1 Aff)t;‘gg;‘éfr 1:”e or marginal evidence of negative, no structural alerts, and
> hazard endpoints. This classification must be based Y PO reproductive toxicity in animals GHS not classified.

= on reproductive effects alone. (See Guidance)

9 EU H-statements Authoritative H360F, H360FD, H360Fd H360Df, H361f, H361fd
é EU R-phrases Authonitative R60 R62

£ ?EZ:E%L;NJFEUZ::ZQ Australia, |Screenin Category JA {Known):Category 1B Category 2 (Suspected) Not Classified (1'e: positively
g A Lists fEurope 'Neev Zéaland and Taiwan) : g (Presumed) egory P determined to be negative)
&) 7 AR Clear Evidence of Adverse Effects - Clear Evidence of No Adverse Effects
=3 NTP-OHAaT Authoritative Reproductive Reproductive

© Lo Known to the state to cause
e G bl reproductive effects-Male or Female
o Limited Evidence of Adverse Effects - Reproductive or Some Evidence of
() Adverse Effects - Reproductive

o B Lists NTP-OHAaT Authoritative Limited Evidence of No Adverse Effects - Reproductive or Some

Evidence of No Adverse Effects - Reproductive
Insufficient Evidence for a Conclusion - Reproductive Toxicity

Information Type Information Source List Type Low (
GHS Criteria & Guidance GHS Category 2 (Suspected) for
Note: GHS Reproductive Toxicity includes both any route of exposure or limited Adequate data available, and
— Data iy ad Fripite ;gﬁ";‘ wie the (Piﬁfniﬁ??oiZ;AréK?:gpé:r 15?”8 or marginal evidence of negative, no structural alerts, and
O hazard endpoints. This classification must be based O po developmental toxicity in GHS not classified.
: on developmental effects slone. animals (See Guidance)
b EU H-statements Authoritative H360FD, H360D, H360Df, or H362 H360Fd, H361d, H361fd
9 EU R-phrases Authoritative R61 or R64 R63
s GHS-[COUNTRY]" Lists
(*Korea, Japan, Indonesia, Australia, |Screening Category 1A or 1B Category 2 Not Classified
-
Z A Lists Europe, New Zealand, and Taiwan)
S NTP-OHAaT Authoritative Clear Evidence of Adverse Effects - Clear Evidence of No Adverse Effects
[ o= Developmental Developmental
[b) s Known to the state to cause
E Erop09 Authoritative developmental effects
o G&L Screening Developmental Neurotoxicant
(] Boyes-N Screening Developmental Neurotoxicity Effects
'aj Pregnancy Risk Group A or B
> MAK Authoritative | Pregnancy Risk Group C
() i Pregnancy Risk Group D
o) bk Limited Evidence of Adverse Effects - Developmental or Some Evidence

of Adverse Effects - Developmental
NTP-OHAaT Authoritative Limited Evidence of No Adverse Effects - Reproductive or Some
Evidence of No Adverse Effects - Developmental

Insufficient Evidence for a Conclusion - Developmental Toxicity

0 atio pe 0 atio 0 e pe gl Low (L)

wr £ Evidence of endocrine activity and A E oo Adequate data available, and negative
qc') LLl Data Ei Lot S De related human health effect. Evidence of endocrine activity. | = g jies _and no structural alerts.
= EU ED Screening Category 3a
o > A Lists
8 e EU SVHC Authoritative Reason for Inclusion: Endocrine Activity
>
-g ..3 EUED Screening Gategory't:0e2 Category 3
L < B Lists OSPAR Screening Endocrine Disruptor
SIN Screening Reason for Inclusion: Endocrine Disruptor
TEDX Screening Listed on the TEDX List of Potential Endocrine Disruptors
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Information Information Source List Type Very High (vH) High (H) _

Data GHS Criteria & Guidance GHS Category 1 or 2 for any GHS Category 3 for any GHS Category 4 for available, and negative studies, no
route of exposure route of exposure any route of exposure structural alerts, and GHS not classified.
Guidance Values |Oral LDs; (ma/kg) =50 =>50-300 >300 - 2000 >2000
for Animal Data |Dermal LDs; (mg/ka) =200 =>200-1000 =1000 - 2000 =2000
(see GHS for further|inhalation-Gas or Vapor LCs(ma/L) =2 =2-10 >10-20 =20
information)  [innhalation-Dust/Mist/Fumes LCso (moiL) <05 >05-1.0 >1-5 >5

GHS Category 5 or adequate data

Class 2.3 Group A, or Class

Acute Mammalian Toxicity (AT)

Systemic Toxicity/Organ Effects (ST)

DOT Authoritative Class 6.1 Group 3
6.1 Group 1 or Group 2
EU H-statements Authoritative H300, H310, or H330 _H301, H311, or H331 | H302 H312 or H332
A Lists EU R-phrases Authoritative R26, R27 or R28 I |
GHS-[COUNTRY]* Lists
(*Korea, Japan, Indonesia, Australia, Screening Category 1 and 2 Category 3 Category 4 Category 5 and "Not Classified”
Europe, New Zealand, and Taiwan)
Class 2.3 Group B
DOT Authoritative | Class 2.3 Group C
Class 2.3 Group D
. EPA-AMT Authoritative Extremely Hazardous Substance
Bies R20, R21, or R22 |
EU R-phrases Authoritative . .
il s R23. R24, or R25
. D1A Toxic |
WHMIS Screening DB Toxic
Information z - 2 :
T Information Source List Type Very High (vH) High (H)
GHS Category 1 Single GHS Category 2 Single |(GHS Category 3 Single| Adequate data available, and negative
o Data GHS Criteria & Guidance Exposure for any route of Exposure for any route of | Exposure for any route | studies, no structural alerts, and GHS not
‘5 exposure exposure of exposure classified
DI  GHS Guidance |Oral (mg/kg-bw) =300 >300-2000
8_ Values for Animal |Dermal (mg/kg-bw) =1000 >1000-2000
uxJ Data (see GHS for [Inhalation-Gas or Vapor (ma/L/4h) =10 =10-20
o further information) lnhz_i_lation-Dust/Mist/Fumes (mag/L/4h) =1.0 >1.0-5.0
E. EU H-statements Authoritative H370 H371 H335
= R39, R39/23, R39/24, or
() EU R-phrases Authoritative R39/25, R39/26, R39/27, A R37
A Lists R39/28 ’
GHS-[COUNTRY]* Lists
(*Korea, Japan, Indonesia, Australia, Screening Category 1 Category 2 Category 3 "Not Classified”
Etirope. New Zealand, and Taiwan)
GHS Category 1 Repeated GHS Category 2 Adequate data available, and negative
Data GHS Criteria & Guidance Exposure for any route of | Repeated Exposure for | studies, no structural alerts, and GHS not
& exposure any route of exposure classified
s . Oral (mg/kg-bw/day) =10 =>10-100 >100
>
@ \,GHS Guidance |5 (ma/kg-bw/day) =20 >20-200 >200
8_ aues forAnimal Inhalation-Gas or Vapor (mg/L/6h/day) =02 >0.2-1.0 >1.0
x| Data (see GHS for = — -
LLI| further information) (inhalation-Dust/Mist/Fumes (mg/L/6h/day) =0.02 >0.02-0.2 >0.2
*
'8 EU H-statements Authoritative H372 H373
<
g EU R-phrases Authoritative R48/23, R48/24, R48/25 R48/§3}3722428/21.
AL
3 o GHS-[COUNTRYT" Lists
o (*Korea, Japan, Indonesia, Australia, Screening Category 1 Category 2 "Not Classified”
Europe, New Zealand, and Taiwan) _
B Lists EU R-phrases Authoritative R48 "Danger of serious damage"to health by
prolonged exposure
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M Information Type Information Source List Type  Very High (vH)
=1 GHS Criteria Systemic Toxi fO! | g 5
D s c Toxicity/Organ -
3 Effects using USEPA Risk GHS Category 1 | 15 category 2 Single Exposure for any| GHS Category 3 Single Exposure | Adequate data available, and negative
Q‘ Data Single Exposure for studies, no structural alerts, and GHS
Assessment Guidance 1o define te of route of exposure for any route of exposure ek b
2 w applicable neurotoxic effects. ANy POt ENpasre Gt
@«
b = GHS-[COUNTRY]" Lists
3 -Lists {*Korea. Japan, onesia. Australia, |Screening ategory ategory ategory ot Classified”
D A-L "Ki J. Ind: Austral S o 1 C. 2 C. 3 “Not C ified”
= Europe, New Zealand, and Taiwan)
(&)
> GHS Criteria Systemic Toxicity/Organ - .
using s 'S Category 1 Repeated Exposure for ategory epeated % =
O l= Effects USEPA Risk GHS C. R E P GHS C. 2R Adequate data available, and negative
- .8 Data < studies, no structural alerts, and GHS
(o} P Assessment Guidance to define any route of exposure Exposure for any route of exposurs .
‘3— § applicable neurotoxic effects o
Dl GHS-[COUNTRY] Lists
= | A Lists (*Korea. Japan, Indonesia. Australia, |Screening Category 1 Category 2 “Not Classified”
Europe, New Zealand, and Taiwan)
EU H-statements Authortative H336
£ =] B Lists lEU R-phrases Authoritative RE7
8 g [Boyes-N Screening Listed for Neurotoxic Effects
G&L Screening Neurotoxicant
Adequate data available, and negative
3 (! T
(= Data GHS Criteria & Guidance GHS Category 1A (high frequency of. | GHS Category L? flow to moderate studies, no structural alerts, and GHS
o occurrence) frequency of occurrence) not dassified
—
© GHS-[COUNTRY]" Lists
.E .l;l ("Korea. Japan, Indonesia. Australia, |Screening Category 1A Category 1B “Not Classified”
% b —d A Lists Europe, New Zealand, and Taiwan)
2 MAK Anthositative Sensmzin'g Substances Sh (S_kin) or Sah
D (Respiratory and Skin)
w EU H-statements Authoritative H317

EU R-phrases

Authcntative

4.

- §
=5
Z
S Wi
%
pil
w

Information Type

Information Source

Very High (vH)

nformati ource C
£ Inf tion S High (H)
o ¢ Adeguate data available, and negative
c Data GHS Critena & Guidance GHES Catagory 1A (lagh ency.of: | SH1S Categary, '? oweio modesate studies, no structural alerts, and GHS
Z, 175} occurrence) frequency of occurrence) not classified.
O GHS-[COUNTRY]" Lists
(*Korea. Japan, Indonesia. Australia, |Screening ategory 1 ategory 1 ot Classif
ﬁ o *Ki J, | ia. Austral S C A C: B "Not C ified”
— .9 AlLsts Europe, New Zealand, and Taiwan)
Q. "6 . Sensitizing Substances Sa (Respiratory) ‘ ]
2] N BAAK: Aus - or Sah (Re lory and Skin)
&) = . Asthmagen (G)
w AQEC Authoritative - - -
- Biii Asthmagen (Rr) and/ or (Rs) and/or (Rrs)
$ EU H-statements Authoritative H334
EU R-phrases Authortative R42

= - .
S s GHS Ca v 1 ” : i Adeqyate data available, and neganvf
9O Data GHS Criteria & Guidance (Corrotseigvae' GHS Category 2 (Imitant) GHS Category 3 (Mild imitant) studies, no structural alerts, and GHS
"('B‘ ) not classified
> = [75) DOT Authoritative Class &
E = EU H-statements Authoritative H314 H215
Sl EU R-phrases Authoritative R34 or R35 R38
_E AlLists
v GHS-[COUNTRYT" Lists
wn {"Korea. Japan, Indonesia. Australia, |Screening Category 1 Category 2 Category 3 “Not Classified”
Europe, New Zealand, and Taiwan)
Information Type Information Source Very High (vH) High (H)

== GHS Ca 1 Adeguate data available, and negative
,9 Data GHS Critena & Guidance -'l;eversgiblg) GHS Category 2A (imritating) GHS Category 2B (Midly imitating) | studies, no structural alerts, and GHS
b1 . not classified.

_-og L 'EU H-statements Authoritative H318 H318 H320

= EU R-phrases Authoritative R41

® e A Lists GHS-[COUNTRY]" Lists

> {"Korea. Japan, Indonesia. Australia, |Screening Category 1 Category 2A Category 2B “Not Classified”
wi Europe, New Zealand, and Taiwan)

B Lists |EU R-phrases Authoritative R36
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cl O

> . -
- 20 z Sufficient data available
S Data GHS Critenia & Guidance GHS Category 1 GHS Category 2 GHS Category 3 and not ified
< Guidance Values (see
=1 E 1 >1 =
8 Gu':fs for fttixcr’tr:\)er LCxg or ECx5 (maiL) =1to 10 0 to 100 100
& e iT non-human
'; . Not: Could 'oe Sasegon M.
S i S psL Screening o Sront s s
~ = based on acute aQuUaTK
O —
< A Lists EU H-statements Authoritative H400
® EU R-phrases Authoritative RS0 R51/53 R52/53
"5‘ GHS-[COUNTRY]J* Lists
O (*Korea, Japan, Indonesia, Australia, |Screening Category 1 Category 2 Category 3 "Not Classified"
< Europe, New Zealand, and Taiwan)
B Lists EU R-phrases Authoritative RS51 or R52
0O atio DE ea eme e g g Low (L)
>
b — Data GHS Critena & Guidance GHS Category 4
g Guidance Value (mg/L) =0.1 >0.1t01.0 >1.0to 10 >10
o) iT non-human
Nog=: Could be ased on acute
= DsL Seresning e
O s Nsédar ohvonic aquatc i
= — ritres
g <C A Lists EU H-statements Authoritative H413
) EU R-phrases Authoritative R53
O
< =i GHS-[COUNTRYJ* Lists
o (*Korea, Japan, Indonesia, Australia, |Screening Category 4
E Europe, New Zealand, and Taiwan)
o iT non-human
S X oasedon
= B Lists DSL Screenin o oo st . Gy
O = g assess here ¥ e cassifcation
s tased on chvonic aguarc
oty
Information Type Media & Measurement List Type Very High (vH) High (H) Low (L) Very Low (L)
o Soil or Sediment “Rapi Meets 10-day window
= >180 or recalcitrant 60 to 180 16 to 60 RO GHS -Rapid in *Ready
dabil
(172 life in days OR Result) degradability” Biodegradation Test"
()] g
O Water TS Meets 10-day window
| o — > B0 or recalcitrant > 40 to 60 16 to 40 1B O CHS Rapyd in “Ready
dabil
Q@ Data (1/2 life in days OR Resulf) degradability” Biodegradation Test”
% ke > 5 or recalcitrant =2t05 <2
ol (1/2 life in days QR Resuit)
&) !I__:)::;R:rr:ge Eovironmental Evidence Suggesfive Evidence
B Lists DSL Screening Persistent (P)
— Information Type Measurement Very High (vH) Low (L) Very Low (vL)
O — anr _ > 5000 > 1000 to 5000 > 500 to 1000 > 100 to 500 <100
-0(—0' o Bicaccumulation Factor)
'3 == B(?F 2 > 5000 > 1000 to S000 = 500 to 1000 > 100 to SO0 =100
a (Bioconcentration Factor)
E pa Data Log Kow
- (Log octanol-water partition =50 >45t050 >40tc45 =4
Q o coefficient )
g 6 Monitoring Data
< - 5 .
9 (a (Presence in humans or wildlife) Evidence Suggestive Evidence
- A Lists DSL Screening Bicaccumulative (B)
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Information

Reactivity (Rx)

T Measurement List Type Very High (vH) High (H) Low (L)
< S Une GHS Division 1.1, 1.2, or S Pivics Division 1.6 or Adequate data
Explosives GHS Unstable 13 GHS Division 14 0or 1.5 available and GHS not C fed
e e Cuhe - Type G or Adequate data available
Self-reactive Substances GHS Type AorB GHS Type CorD GHS Type Eor F and GHS not Classified
Substances which on contact with s Adequate data available and GHS not
water emit flammable gases GiS Categary 1 GHSCategon 2 GHS Cateoory:3 Classified
so Adequate data available and GHS not
Data - GHS Criteria | 9iZing Gases SHS Category 1 Classified
&Guidance | iizing Liquids and Solids GHS Category 1 GHS Category 2 CHSCalogurys | A0PRONE EECIe S O ot
= P Type G or Adequate data available
=
Organic Peroxides GHS Type AorB GHS Type CorD GHS Type EorF and GHS not Classified
Self-heating Substances GHS Category 1 GHS Category2 | Adequate damcal:al:‘sliaﬁl:: and:GHSmok
= - Adequate data available and GHS not
Substances Corrosive to Metal GHS Category 1 Classified
Class 1 Group 1.1, 1.2, or | Class 1 Group 1.4, 1.5,
13 or1é
A Class 4.2 Group 2 Class 4.2 Group 3
DOT Authoritati
SRR Class 4.3 Group 1 Class 4.3 Group 2 Class 4.3 Group 3
A Lists Class 5.1 Group 1 Class 5.1 Group 2 Class 5.1 Group 3
Class 5.2 Type B Class 52 Type CorD Class 52 Type EorF Class 5.2 Type G
2 H200, H240, H241, | H201, H202, H203, H251, H204, H205, H252,
EU H-statements Authornitative H260, H271 H270 H290
EU R-phrases Authontative RO9
DOT Authoritative Class 4.1, Class 5.2 Type A
2 2
EU H-statements Authoritative l 545 E261 H2E2
B Lists —
o RO1, R06, R07, R15
ELL - plisioes AThortate: RO2, R04, R0S, R08, R14, R16, R19, R44
WHMIS Screening B6,C,or F

Flammability (F)

Information - :
T Measurement Very High (vH) High (H)
Flammable Liquid GHS Category 1 GHS Category 2 GHS Category 3or4 | Adeduate dat‘::f;:;!;:f SEGEIS oY
Flammable Gases (including GHS Category 1 GHS Category 2 or GHS Category B or Adequate data
chemically unstable gases) GHS Category A available and GHS not Classified
Z Adequate data available and GHS not
[ 2
Data - GHS Criteria Flammable Solids GHS Category 1 GHS Category 2 Classified
& Guidance ) GHS Category 3 or Adequate data
Aerosols GHS Category 1 GHS Category 2 available and GHS not Classified
Pyrophoric Liquids GHS Category 1 R
il =
Pyr ic Solids GHS Category 1 Adequate datacala;:sliigg(lje and GHS not
T Class 3 Group 2 or Class
DOT Authonitative Class 3 Group 1 4.2 Group 1 Class 3 Group 3
3 s H221, H223, H226
-~ 222 : .
A Lists EU H-statements Authoritative H224 H220, H222, H225, H250 H227. H230
EU R-phrases Authontative R17
WHMIS Screening B1 B3
DOT Authoritative Class 2.1
EU H-statements Authoritative H228
R10 (Gas or Solid), R11 (Sdlid)
. S R10 (Liquid only)
B Lists EU R-phrases Authonitative R17 (Liquid only)
[ R12 (Gas only)
WHMIS Authoritative I D2 ouBS

Appendix E Page E-vi



