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Clean Production Action (CPA) — an NGO working
with governments, other NGOs and industry leaders to
advance green chemistry and sustainable materials.
We help to facilitate a market transition to a healthy
economy, healthy environment and healthy people.
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The Carrot: Green/Sustainable Chemistry

Defined by 12 Principles: reduce risk by reducing inherent hazard

Risk = f(Hazard, Exposure)

/Green chemistry\
is “the design of
products and
processes that
reduce or
eliminate the
use or
generation of
hazardous

\_ substances. ” )

GREEN
CEEENILS TR

THEORY AND PRACTICE

@ Less hazardous \

chemical syntheses

#4 Design safer
chemicals and products

#5 Use safer solvents
and auxiliaries

#10 Design chemicals
and products to degrade
after use

#12 Minimize the

Q}tential for accidents/
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The Stick: Public Concern and
Regulations

Alternatives Assessment:
Avoid Regrettable Substitutions




Identifying Safer Alternatives

j> Improved ||]jl>.

Characteristics of Characteristics of Characteristics of
Ingredient of Improved Safe and Healthy
Concern Ingredient Ingredient

(HIGH) (MODERATE) (LOW)




The GreenScreen™ (GS) for Safer Chemicals

e A Method for Chemical Hazard Assessment (CHA)

e QOpen, transparent and publicly accessible o\ SCp
e Uses multi-stakeholder expert committees f‘ﬂ @1&

e A way of organizing and presenting information P o

- T

e Builds on USEPA DfE, OECD and other national and !WE‘
. . . £p Cn®
international precedents and best practices

e Uses all available information including emerging
science, regulatory test data, modeling results, results
from assessment of analogs, regulatory classifications.

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



GreenScreen™
Application Highlights

ldentifying safer L= JPlatform for their
substitutes for BFRs, chemical screening @

ﬁ/; CFRs, and P@

BasA'is‘for state Aligning hazard
regulatory programs thresholds




Applications for GreenScreen:

1. Materials Procurement - Identify chemicals
of concern and safer alternatives

2. Product Development
e New formulations
e New chemicals

‘-? ' B . .
: / 3. Corporate Policies — Manage chemical
0 ) - inventories
b a.
_____ —

IMPROVED HEALTH & QUALITY

State Regulations - Alternatives
LEVEL of INHERENT HAZARD Assessment in WA, ME and CA

5. Standards, Scorecards and Ecolabels —
proposed
e USGBCLEED v4
e GreenBlue material health database
e Others



GREENSCREEN

HP is the world” s leading practitioner of the
GreenScreen™ tool.

“HP has committed to replace restricted
substances only with materials that are better
for the environment and human health, and

when there is sufficient assurance of
required volumes and we have enough time
to design and qualify the new material into

the product. To assess alternative
replacement materials we now use the

GreenScreen, a hazard-based assessment

framework developed by the
nongovernmental organization Clean
Production Action.”

HP’ s Global Citizens Report




PVC-Free Power Cord Program

* Screening mandatory, in addition to all
standard and regulatory requirements

* Full disclosure under CDA
* Many materials screened and approved

* 100% of PVC-free power cords have been
screened

* Additional materials being added to
program, such as soldering fluxes




Hewlett Packard’s Use of the GreenScreen

* HP’s earliest applications of Green Screen Assessments of Similar Function Chemical
Greenscreen In alternatlves Common Name |CAS# |FuII Name |Benchmark\
assessment —

Design none Design material out, dematerialize 4
 Flame retardants Substance 0 st | Chemical name 4
) P I a St | C | Zers Use but still opportunity for inprovement

Substance 1 g4 | Chemical name

Substance 2 a4 | Chemical name

* Alternatives to pvc

Use hut search for alternatives

* Successfully differentiated
alternatives

* |dentified better (and 50 NOT USE
unacceptable) options

 Used in addition to cost,
performance, risk, LCA and other
requirements




How To Do a GreenScreen
Assessment

1. Assess and classify hazards

2. Apply the Benchmarks

3. Make informed decisions




18 Hazard Endpoints
Goal #1: Fill Out the GS Hazard Table

Human Health Human Health Group Il

Group | and II*

Environmental Physical Hazards
Toxicity & Fate

Carcinogenicity Acute Toxicity

Mutagenicity & Systemic Toxicity & Organ

Genotoxicity Effects
Reproductive Neurotoxicity
Toxicity
Developmental Skin Sensitization
Toxicity

Respiratory Sensitization
Endocrine Activity Skin Irritation
Eye Irritation

Acute Aguatic .
Toxicity Reactivity
Chronic Aquatic Flammability
Toxicity

Other Ecotoxicity
Studies when
available

Persistence

Bioaccumulation




Source of GreenScreen Hazard Endpoints:

Where Did the Hazard Endpoints Come From?

GHS/CLP — Globally Harmonized
System of Classification and Labeling
of Chemicals (United Nations)

OECD Screening Information Data
Sets (SIDS) and test methods

USEPA Design for the Environment
Program Alternatives Assessment
Criteria for Hazard Evaluation

USEPA and
USEPA Design
for the
Environment
(DfE); OECD

. Methods

USEPA New Chemicals Program and
test methOdS National and
International
Hazard Lists

Guide on Sustainable Chemicals
(Federal Environment Agency)
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Acute Mammalian Toxicity (AT)

Each Hazard Endpoint has Hazard Classification
Criteria e.g., Acute Mammalian Toxicity (AT)

Compare data you find with the specified criteria; assign hazard level (L, M, H, vH)
Criteria based on: GHS criteria, testing thresholds, EU hazard and risk phrases, and

authoritative and screening lists

Test data trump models and Screening and B Lists
Significant overlap with USEPA DfE AA criteria

- 0 ¥ Ourc ' ' I-W {L}
GHS Category 5 or adequate data
Data GHS Criteria & Guidance G;S E}iﬁg;ri: ':;;3 rl;r Hiﬁ:‘g?:g :;Erreany GHiEL:Lg?:w gsfsrreﬂﬂv available, and negative studies, no
4 P P : structural alerts, and GHS not classified.
Oral LDy, (mgfkg) <50 >50-300 =300 - 2000 =2000
Guidance Values for|Dermal LDy, (mglkg) =200-1000 =100 - 2000 =2000
Animal Data (see |Inhalation-Gas or apor
GHS for further  |LD.y(malL) =2 >2-10 >10-20 >20
information}  |inhalation-DustMistFumes
LDss (maiL) =0.5-1.0 *1-5 =5
DoT Authoritative Class 6.1 Group 3
A Lists Group 2
EU H-statements Authoritative H300, H310, or H330 H301, H311, or H331 H302, H312, or H332
El R-phrases Authoritative R26, R27 or R28
DoT Authoritative
Class 2.3 Group D
B Lists EPA-AMT Authoritative
EU R-phrases Authoritative
WHMIS Screening




How To Do a GreenScreen
Assessment

1. Assess and classify hazards

2. Apply the Benchmarks

3. Make informed decisions




Benchmark the Hazards to Generate Four Overall
Classifications

Benchmark 4

Prefer — Safer Chemical

Benchmark 3

Use but Still Opportunity
for Improvement

€ Identifies High
AVOIG emical Hazard Chemicals



Is GoodSolvent a Benchmark 1? NoO

Green Screen Hazard Ratings: Phenol CAS # 108-95-2
Group | Human Group Il and 11* Human Ecotox| Fate [Physical
C|M|R|D]|E]|AT| ST N  [SnS*|SnR*|IrS|IFE|AA|[CA| P | B| Rx | F
single | repeated™ | single | repeated™
L MLIL|L|M MMLL-MMLLLL
Benchmark 1 Criteria: Answer:
a. PBT=High P + High B + [very High T (Ecotoxicity or Group I a. NO
Human) or High T (Group | and II* Human)]?
b. vPvB =very High P + very High B? b.  NO
c. VvPT =very High P + [very High T (Ecotoxicity or Group Il Human) ¢ NO
or High T (Group | and [I* Human)]?
d. NO

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)? e. NO



Is GoodSolvent a Benchmark 2?  YES

Green Screen Hazard Ratings: GoodSolvent CAS # 000-00-0

Group | Human Group Il and I1* Human Ecotox| Fate |Physical
C|M|R|D]|E]|[AT| ST N  |SnS*|SnR*|IrS|IFE|AA|CA| P | B[ Rx | F

single | repeated* | single | repeated*
L ML|L|L|M MMLL-MMLLLL

Benchmark 2 Criteria: Answer:

a) PBT = Moderate P + Moderate B + Moderate T (Ecotoxicity or a) NO
Group |, Il or II Human)?

b) PB=High P + High B? b) NO
c) High P + Moderate T (Ecotoxicity or Group |, Il or II Human)? c) NO
d) High B+ Moderate T (Ecotoxicity or Group |, Il or [I* Human)? d) NO

e) Moderate T (Group | Human)? e) YES
f)  very High T (Ecotoxicity or Group Il Human) or High T (Group II*  f) YES
Human)?

g) High Flammability or High Reactivity? g) NO

19



How to do a GreenScreen
Assessment

1. Assess and classify hazards

2. Apply the Benchmarks

3. Make informed decisions




TisXSERVICES

TOXICOLOGY RISK ASSESSMENT CONSULTING

See GS Assessment of Sodium

Benzoate

Thank you to ToxServices for donating a GS
Assessment

Dr. Margaret Whittaker and Emily Campbell
www.ToxServices.com
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GreenScreen™ Assessment for Sodium Benzoate (CAS #532-32-1)

GreenScreen™ Version 1.2 Draft Assessment
Note: Validation Has Not Been Performed on this GreenScreen™ Assessment

Chemical Name: Sodimm Benzoate

CAS Number: 532-32-1

GreenScreen™ Assessment Prepared By: Quality Control Performed By:

Name: Emily Campbell, MF.S. Name: Dr. Margaret H. Whittaker, PhD.. MP.H.,
CBiol ., FSB.ERT.DABT.

Title: Associate Toxicologist Title: Managing Director and Chief Toxicologist

Organization: ToxServices LLC Organization: ToxServices LLC

Date: December 11, 2012 Date: December 11, 2012

Confirm application of the de minimmus rule': N/A
Chemical Structure(s):
o

“Ha *

Identify Applications/Functional Uses:
1. Preservative (HSDB 2003)
2. Antimicrobial agent (HSDB 2003)

GreenScreen™ Summary Rating for Sodium Benzoate *:

Sodium benzoate was assigned a GreenScreen™ Benchmark Score of 2pg (“Use but Search for Safer Substitutes™).
When first reviewing the hazard endpoints, sodium benzoate has Moderate (M) Skin Sensitization (SnS*)
(Benchmark 3c). Additionally, it can be assigned a Benchmark Score of 3 based on Moderate (M) Eye Imitation
(ItE) (Benchmark 3c¢). Finally, it can be assigned a Benchmark Score of 3 based on Moderate Reactivity (Rx)
(Benchmark 3d). However, data gaps exist for this chemical. As outlined in CPA (2011b), Section
III{1){Benchmarking Chemicals With Data Gaps), to achieve a Benchmark Score of 3, a chemical st have data
for at least 4 of 5 Group I Human Health Endpoints. The only permissible data gap is Endocrine Activity (E).
Sodium benzoate meets those requirements. Additionally, a chemical must have data for at least 5 out of 7 Group II
and [T* Human Health Endpoints. Pernmssible data gaps include either skin or respiratory sensitization, or one other
hazard endpoint. Sodium benzoate also meets the Group IT and II* data gap rules. Data must also be available for
acute and chronic aquatic toxicity, persistence, and bioaccunmlation; data is available for all of these endpoints for
sodium benzoate. Finally, data must be available for both physical property endpoints (Flammability (F) and
Reactivity (Rx)). Data are not available for flammability; therefore, sodium benzoate is assigned a Benchmark
Score of 2pg. In a worst-case scenano, if sodium benzoate were assigned a High score for Endocrine Activity (E). it
would be categorized as a Benchmark 1 Chemical

! Every chemical in a material or formulation should be assessed if it is:
1. tentionally added and/or
2. present at greater than or equal to 100 ppm
? For inorganic chemicals with low human and ecotoxicity across all hazard endpoints and low bioaccunulation




Figure 1: GreenScreen™ Hazard Ratings for Sodium Benzoate
Group I Hunan Group II and IT* Human Ecotox Fate Phy=zical

C | M E D E | AT sT N Sp5* (SR IrS |IlE| AA (CA | P B Ex F
single | repeated* | single | repeated*

Note: Hazard levels (Very High (vH), High (H), Moderate (M), Low (L), Very Low (vL)) mn falics reflect estimated
values and lower confidence. Hazard levels in BOLID font reflect values based on test data (See Guudance).

Note: Please see Appendix A for a glossary of hazard acronyms.

Transformation Producis and Eatings
Identify relevant fate and transformation products (i.e., dissociation products. transformation products, valence
states) and/or moieties of concern®

. i Transformation Transformation : Green Screen
Life Cycle Stage Pathway Producis CAS# Rating
Not present on
: : . 3 CPA’s Red List of
End of Life Thermal Degradation Disodium oxide 1313-59-3 Chenicals
(CPA 2011d)

*The above transformation products were screened against the CPA’s table of Red List chemicals (CPA 2009h).

Introduction

Sodmm benzoate is a white crystalline powder. Worldwide production capacity of sodium benzoate 15 estimated at
100 kt per year. The major outlet for sodinm benzoate is as a preservative in food and beverages (60%). The
second most important market is cooling liquids (10%) (UNEP 2001).

ToxServices assessed sodium benzoate against GreenScreen™ Version 1.2 (CPA 2011a) following procedures
outlined in ToxServices” SOP 1.37 (GreenScreen Hazard Assessment) (ToxServices 2012).

GreenScreen™ List Translator Screening Results
The GreenScreen™! List Translator idenfifies specific authoritative or screening lists that should be searched to
identify GreenScreen™ Benchmark 1 chemicals (CPA 2012). Pharos (Pharos 2012) is an online list-searching tool
that 15 used to screen chemicals against the List Translator electronically. The output indicates benchmark or
possible benchmark scores for each human health and environmental endpoint. The Pharos output for sodmm
benzoate can be found in Appendix B, and a summary of the results can be found below:

¢+ German FEA — Substances Hazardous to Waters (VwVwSs)




Physiochemical Properties of Sodium Benzoate

Table 1: Physical and Chemical Properties of Sodium Benzoate

Property Value Reference
Molecular formula C;H;NaO, HSDB 2003
SMILES Notation [0-]C(=0)clcceecl. [Nat] U.S. EPA 2011
Molecular weight 144.1 g/mol HSDB 2003
Physical state Solid HSDB 2003
Appearance/Particle Size White granules or crystalline powder HSDB 2003
Vapor pressure 3.67E-09 ChemIDplus 2012
Water solubility 630 gL ESIS 2000
Dissociation constant n'a
Density/specific gravity 144 g/om’ ESIS 2000
Partition coefficient -2.13 ESIS 2000

Hazard Classification Summary Section:
Group I Human Health Fffects (Group I Human)

Carcinogenicity (C) Score (H, MorL): L

Sodium benzoate was assigned a score of Low for carcinogenicity as no basis for concern was identified (CPA

2011c).

+  Not listed as a known carcinogen by IARC, NTP, US. EPA or CA Prop 65.

* Ina2-year carcinogemcity study, groups of 50 male and 52 female Fisher 344 rats, four to five weeks old,
received diets containing 1 % (500 mg/'kg bw/day) or 2% (1000 mg/'kg bw/day) sodinm benzoate for 18-24
months. Controls, consisting of 25 male and 43 female rats. received basal diet. Food intake was adequately
controlled to avoid an excess; tap water was available ad libitam  Survival was very poor in all groups, due to
intercurrent sialodacryoadentitis and mycoplasma infections. Al surviving animals were sacrificed between 18
and 25 months, all were autopsied. and various tissues were exanuned histopathologically. No adverse clinical
signs directly attributable to treatment were observed, and only neghgible difference in average body weight
and mortality rate were seen between the treated and control groups. Although a varety of tumors occurred
among treated and control rats of each sex. they were of similar fype and incidence. Poor survival in all groups,
due to infections, limits the usefulness of this study (UNEP 2001).

s A lifelong study using male/female Swiss Albino mice give 2% sodium benzoate continuously in drinking
water showed no carcinogenic effect. In the main study, a 2% solution of sodium benzoate (purity, 99%) was
administered in the drinking water to groups of 50 male and 50 female five week old mice for their lifetime.
Groups of 100 males and 100 females were used as untreated controls. Both treated and control animals were
‘carefully checked’; their body weights were measured weekly, and gross pathological changes were recorded.
The ammals were erther allowed to die or were sacrifice when monbund. Complete necropsies were performed
on all anmimals, and the liver, spleen kidneys, bladder, thyroid, heart, pancreas, testes, ovaries, brain, nasal
turbinates, at least four lobes of the lungs, and organs with gross pathological changes were exanined
histologically. The average daily infake of sodium benzoate was 124 0 mg for males and 119 2 myg for females
on the basis of daily water consumption of 6.2 and 5.9 ml., respectively. The dose of sodium benzoate was
equivalent to 6200 mg/kg bw/day for males and 5960 mg/kg bw/day for females. Treatment had no effect on
survival or the incidence of fumors. This study 1s sufficiently reliable due to the number of animals and detailed
histopathological examinations (UNEP 2001).

Mutagenicity/Genotoxicity (M) Score (H, Mor L): L
Sodium benzoate was assigned a score of Low for mutagenicity/genotoxicity. Although some assays reported
positive results, the weight of evidence and absence of structural alerts in sodium benzoate lead to the conclusion

. IR, I I pp—" p—— ——— ) § O, WL TR R IR S Y



* Invitre: Sodium benzoate was not mutagemic in Ames fests with and without mefabolic activation (strams and
concentration not specified) (UNEP 2001).

s Jnvitro: A cytogenetic assay using anaphase preparations of cultured human embryonic lung cells was negative
— no metabolic activation was used (UNEP 2001).

* Invitre: An Escherichia coli reverse mutation assay was negative with and without metabolic activation (UNEP
2001).

+ Invitro: A cytogenetic assay using CHL cells was positive without metabolic activation (UNEP 2001).

s  Invitro: Sister Chromatid Exchange assays using Chinese hamster cells or human lymphocytes were positive
without metabolic activation (UNEP 2001).

s i vitro: A recombination assay with Bacillus subfilus H17 and M45 was positive (reported with nmnimal
documentation) (UNEP 2001).

* Invitro: Some studies reported positive resulfs; however, these posifive results are considered to be overruled
by the negative results of the higher-level in vivo tests (UNEP 2001).

s Jnvivo: A cytogenetic assay in male rats given single or multiple gavage doses of 50, 500, or 5000 mg'kg
sodium benzoate showed no significant increase in chromosomal aberration m the bone marrow (UNEP 2001).

* Invivo: A domunant lethal assay using male rats given single or multiple gavage doses of 50, 500, or 5000
mg'kg sodium benzoate was non-nmuitagenic (UNEP 2001).

+ Invivo: A host mediated assay using male rats given multiple gavage doses of 50, 500, or 5000 mg/kg sodium
benzoate showed no elevation of mutant frequencies in Salmonella Hphimurium G46; no elevation of nutant
frequencies in Salmonella fyphimurium TA 1530; no mcrease in recombinant frequencies m Saccharomyces
cerevesiae D3 (UNEP 2001).

s Jnvivo: A host mediated assay using male rats given a single gavage dose of 50, 500, or 5000 mg/kg sodium
benzoate showed an elevation of mutant frequencies in Salmonella hyphimurium TA1530 1n the intermediate
dose level; the other doses were negative (UNEP 2001).

Reproductive Toxicity (R) Score (H, M, or L): L

Sodium benzoate was assigned a score of Low for reproductive toxicity based on a reproductive toxicity study in

rats in which no reproductive effects were observed at 1,000 mgkg (CPA 2011c).

*  Oral- Male and female Fischer 344 rats were fed diets contatming doses of 1 or 2% (equivalent to 500 and 1,000
mg/kg/day) for 18-24 months. A NOAEL of 1,000 mg/'kg/day was established, as there were no compound-
related effects in the testes and ovaries of treated rats (UNEP 2001).

Developmental Toxicity incl. Developmental Neurotoxicity (DY) Score (H, M or L): L

Sodium benzoate was assigned a score of Low for developmental toxicity based on a matemnal and fetal NOAEL of

=175 mg'kg in rats and mice (CPA 2011c).

&  Oral: Pregnant Wistar rats were given doses of 1.75, 8, 38, or 175 mg/’kg/day via gavage on gestation days
(GDs) 6-15. A fetal and maternal NOAFL > 175 mg'kg/day was established, as there were no adverse effects
seen (UNEP 2001).

s  Oral- Pregnant Wistar rats were fed doses of 1, 2, 4, or 8% in diet (equivalent to 700, 1,400, 2,800, or 5.600
mg/'kg/day) for the entire gestation period of 20 days. A fetal and maternal NOAFL of 1.400 mg/kg/day was
established, based on reduced food intake and decreased body weight in the pregnant rats, perinatal death. organ
abnormalities, and skeletal abnormalities. These effects were found fo be due to reduced maternal feed intake.
leading to malnutrition (UNEP 2001).

*  Oral: Pregnant CD-1 mice were given doses of 1.75, 8, 38, or 175 mg/kg/day wvia gavage on GDs 6-15. A fetal
and maternal NOAEL = 175 mg/kp/day was established, as there were no adverse effects seen (UNEP 2001).

*  Oral: Pregnant Dutch belted rabbits were given doses of 2.5, 12, 54, or 250 mg/kg/day via gavage on GDs 6-18.
A fetal and matemnal NOAEL of 250 mg/kg/day was established, as there were no adverse effects seen (UNEP
2001).

*  Oral: Pregnant golden outbred hamsters were given doses of 3, 14, 65, or 300 mg/kg/day via gavage on GDs 6-
10. A fetal and maternal NOAEL of 300 mg/kg/dav was established, as there were no adverse effects seen
(UNEP 2001).

*  Not classified as a developmental neurotoxicant (Grandjean and Landrigan 2006).



Endocrine Activity (E) Score (H, M or L): dg

+ Not listed as a potential endocrine disruptor on the EU Priority List of Suspected Endocrine Disruptors.
+ Not listed as a potential endocrine disruptor on the OSPAR List of Chemmicals of Possible Concern.

+  Not listed as a potential endocrine disruptor on the Red List of Chemicals (CPA 2011d).

+ No relevant data were identified for sodium benzoate.

Group IT and IT* Human Health Effects (Group IT and IT* Human)

Note: Group Il and Group II* endpoints are distingnished in the v 1.2 Benchmark system. For Systemic
Toxicity and Nenrotoxicity, Group II and IT* are considered sub-endpoints and test data for single or repeated
exposures may be used. If data exist for single OR repeated exposnres, then the endpoint is not considered a data
gap. If data are available for both single and repeafed exposures, then the mare conservative value is lsed.

Acute Mammalian Toxicity (AT) Group II Score (vH, H, MorL): L

Sodium benzoate was assigned a score of Low for acute toxicity based on an oral LDy, greater than 2,000 mg/kg
(CPA 2011c).

¢  Oral: An LDs; range of 2,100-4,070 mg/kg was determined in rats (UNEP 2001).

Systemic Toxicity/Organ Effects incl. Immunotoexicity (ST)
Group II Score (single dose) (vH, H. MorL): dg
* No relevant data were identified for sodum benzoate.

Group IT* Score (repeated dose) (H, M, L): L

Sodium benzoate was assigned a score of Low for systemic toxicity (repeated dose) based on studies in rats and

mice with no adverse effects observed at doses of =3,000 mg/kg (CPSC 2011c).

o A 90-day study with male/female Sherman rats given 640, 1280, 3145, or 6290 mg/kg/day USP sodium
benzoate confinnously in feed showed no adverse effects at <3145 mg'kg bw. There was increased mortality
(4/8 died); reduced weight gain; increased weight of livers and kdneys; pathological lesions (not specified) in
livers and kidneys at 6290 mg/kg bw. The NOAFEL was determined to be 3145 mg/kg bw/day (UNEP 2001).

¢ According to a 35 day study (by drinking water) in mice (strain not specified), no effects were observed at 3000
mg/kg bw. At this dose level also in a chromic study, no toxic effects were found in histopathological
examinations (UNEP 2001).

Neurotoxicity (IN)
Group II Score (single dose) (VH, H, M or L): dg
+  No relevant data were identified for sodim benzoate.

Gronp IT* Score (repeated dose) (H, M, and L): dg

+  Not classified as a developmental neurotoxicant (Grandjean and Landrigan 2006).
+  Not listed as a potential neurotoxicant on the Red List of Chemicals (CPA 2011d).
* No relevant data were identified for sodium benzoate.

Skin Sensitization (SnS) Group IT* Score (H, M or L): M

Sodium benzoate was assigned a score of Moderate for skin sensitization based on positive skin reactions in humans

(CPA 2011c).

+ A clinical dermatological study showed positive test patch test reactions in 0.2% of the patients treated with 5%
sodium benzoate in petrolatum. It has been suggested that this very low potential of sodiuvm benzoate to elicit a
non-immunologic contact urticaria may be due to the formation of benzoic acid at kin contact (UNEP 2001).

* Sodmm benzoate 1s not sensitizing 1n ammals. No other study details were provided (UNEP 2001).

Respiratory Sensitization (SnR) Group II* Score (H, M or L): dg
* No relevant data were identified for sodium benzoate.



Skin Irritation/Corrosivity (IrS) Group II Score (vH, H, M or L): LL

Sodium benzoate was assigned a score of Low for skin irritation/corrosivity as sodium benzoate was determined to

be non-irritating to the skin of rabbits (CPA 2011c).

s  Sodmm benzoate was not imnifating on the skin of rabbits according to OECD Guideline 404. No other study
details were provided (UNEP 2001).

Eye Irritation/Corrosivity (I'E) Group IT Score (v, H, Mor L): M

Sodium benzoate was assigned a score of Moderate for eve irmitation/corrosivity as it was slightly irritating to the

eyes of rabbits (CPA 2011c).

+  Sodium benzoate was slightly irritating to the eyes of rabbits according to OECD Guideline 405. No other
study details were provided (UNEP 2001).

Ecotoxicity (Ecotox)

Acute Aquatic Toxicity (AA) Score (vVH, H, Mor L): L

Sodium benzoate was assigned a score of Low for acute aquatic toxicity based on aquatic toxicity values greater

than 100 mg/L in fish. aquatic invertebrates and green algae (CPA 2011c).

o An LCs of 484 mg/L was identified in Pimephales promelas (freshowater fish, 96 hour) (UNEP 2001).

s An LCs; of 100-650 mg/L was identified in Daphnia magna (aquatic mvertebrate, 48 and 96 hour) (UNEP
2001).

*  AnFECs of 430 mg/L was identified in green algae (96 hour) (UNEP 2001).

*  AnLCg of 6.34 x 10° mg/L is predicted in fish (96 hour). However, the chemical may not be soluble enough to
measure this predicted effect (U.S. EPA 2009).

*  AnLCsof 1.9 x 10° mg/L is predicted in daphnid (48 hour). However, the chemical may not be soluble
enough to measure this predicted effect (U.S. EPA 2009).

o  AnFCs o0f 14,136 mg/L 1s predicted in green algae (96 hour). However, the chemical may not be soluble
enough to measure this predicted effect (U.S. EPA 2009).

Chronic Aquatic Toxicity (CA) Score (vH, H, Mor L): L

Sodmum benzoate was assigned a score of Low for chronic aquatic toxicity based on chronic aquatic toxicity values
greater than 10 mg/T. (CPA 2011c).

* A ChVof 49,605 mg/L was identified in fish (20 day) (U.S. EPA 2009).

* A ChVof11.209 mg/L was identified in daphnia (length of time not specified) (U.S. EPA 2009).

* A ChVof2.651 mg/L was identified in green algae (length of fime not specified) (U.S. EPA 2009).

Environmental Fate (Fate)

Persistence (P) Score (vH, H, M, L, or vL): L

Sodium benzoate was assigned a score of Low for persistence as if is readily biodegradable (CPA 2011c).

o Sodium benzoate is readily biodegradable, with 90-93% biodegradation occurring in 7 days and 88-97%
occurring in 28 days (UNEP 2001).

Bicaccumulation (B) Score (v, H, M, L, or vL): vL

Sodium benzoate was assigned a score of very Low for bioaccumulation based on a predicted bioconcentration

factor less than 100.

s  The octanol/water parfition coefficient of sodium benzoate (log Kow=-2.13) indicates a low potential for
bioaccunmilation. This is also supported by the rapid biotransformation and/or excretion of benzoate
compounds in urine in amimals (UNEP 2001).

+ BCFBAF predicts a bioconcentration factor (BCF) of approximately 3 and a log Koy of -2.27 (U.S. EPA 2009).



Physical Hazards (Phvsica

Reactivity (Rx) Score (vH, H,L M or L): M
Sodium benzoate was assigned a score of Moderate for reactivity as it has the potential to form explosive muxtures
mn air (CPSC 2011c).

¢ (Can form explosive mixtures in air (UNEP 2001).

Flammability (F) Score (vH, H, M or L): dg
= No relevant data were idenfified for sodium benzoate.
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How do | Obtain GS Assessments?

Do it yourself

1. Method is freely available and transparent .

2. Training is available -- Launching Certified Industry = ¢
Practitioner (CIP) Program ;

3. Next training Jan 24 in MN

Hire a licensed GS Profiler to do full GS or GS LT

1. ToxServices

2. NSF International

Use the GS List Translator

1. Pharos by Healthy Building Network

2. GreenWERCS by The Wercs

Collaborate to assess key chemicals of interest

1. GC3 (plasticizers) - next example

2. BizNGO (plastics)

3. Your own industry sector consortium

All supporting resources at: http://www.cleanproduction.org/Greenscreen.vl-2.php




The Green Chemistry and Commerce Council:
Evaluating Alternative Plasticizers

\ Inventory of Plasticizer Alternatives /

7 \lndustry Knowledge (Avail, Perf.) /
6C2 Cormmerce councit
\ Red List (EHS) /
& \ QCAT (EHS) /
\ GS (EHS) /

Financial _<
Resource

Constrained Performance testing

«—— Final candidates



Final List of Plasticizers
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Hexamoll® DINCH™ - BASF
DEHT

DINP

DOZ

Dow Ecolibrium™ (biobased
polymer)

DPHP

TEHTM

HallStar Dioplex (polyester
adipate)

HallStar Paraplex (polyester
adipate)

GC3 Business / University
Partnership Project

GS Assessment
conducted by
licensed GS
Profiler

-

Validated results to
be published

—/




GC3 Business / University
Partnership Project

Lessons from the GreenScreen™ assessments

1. Benefits of the collaborative model, according to participants

—  Suppliers find value in a third party assessment for internal
communication and marketing

—  OEMs find value in a third party assessment, to avoid “regrettable
substitutions” - Want a “consensus” around the safety of potential
substitutes before spending years/millions of dollars switching over

2. Differences in managing the process for commodity vs. newer
chemicals/proprietary formulations

- GSs for proprietary formulations done under NDA (between supplier and
profiler) — lack of transparency

- GSs for commodity chemicals are more transparent, though some data
sources may be proprietary

3. Lack of consensus on how proprietary formulations should be handled in
this type of project



Contact Info




