Template Copyright 2012 © Clean Production Action
Content Copyright 2013 © Profiler

GreenScreen® Assessment for [Zinc Borate (CAS#1332-07-6, 138265-88-0)]

Method Version: GreenScreen® Version 1.2*

Verified or Non-Verified>: NON-VERIFIED

Introduction®*®

Non-Verified GreenScreen® Assessment Non-Verified GreenScreen® Assessment
Prepared By: Quality Control Performed By:

Name: Eric Rosenblum, Ph.D. Name: Alex Stone, Sc.D.

Title: Senior Toxicologist Title: Safer Chemical Alternatives Chemist
Organization: Rosenblum Environmental Organization: Washington Department of
consulting to Clean Production Action Ecology

Date: February 9, 2014 (expires after 3 years) Date: March 19, 2014

Licensed Profiler or Certified Practitioner

(specify): N/A

Confirm application of the Disclosure and Assessment Rules and Best Practice®: (List any
deviations)
Disclosure thresholds applied by DfE are unclear in the DfE report.

Chemical Name (CAS #):
Zinc Borate (CAS# 1332-07-6, 138265-88-0)

! Use GreenScreen® Assessment Procedure (Guidance) V1.2

2 “NON-VERIFIED” means that Verification Has Not Been Performed on this GreenScreen Assessment

® An Alternatives Assessment for the Flame Retardant Decabromodiphenylether (DecaBDE) Final Report, Available
at: http://www.epa.gov/dfe/pubs/projects/decaBDE/deca-report-complete.pdf, p 4-737, accessed 2/9/2014.

4 Available at: http://www.epa.gov/dfe/alternatives_assessment criteria_for_hazard_eval.pdf, accessed 10/2013.

® Details available at: http://www.cleanproduction.org/Greenscreen.v1-2.php, accessed 10/2013.

® See GreenScreen Guidance V1.2 Section 8
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Also Called:
Boric acid, zinc salt (TSCA Inventory); Boron zinc hydroxide oxide

Tradenames:

Alcanex FR 100; Alcanex FRC 600; Bonrex FC; Borax 2335; Borogard ZB; Climax; ZB 467;
128859; FRC 600; Firebrake 415; Firebrake 500; Firebrake ZB; Flamtard Z 10; JS 9502; SZB 2335;
Storshield ZB2335; XPI 187; ZB 112; ZB 113; ZB 223; ZB 237; ZB 325; ZB 467 Lite; ZB-Shield:;
ZN 100; ZSB 2335; ZT; Zinc borate

Suitable analogs or moieties of chemicals used in this assessment (CAS #’s):

Zinc borate hydrate analogs include CASRNs 12447-61-9, 12513-27-8, 27043-84-1, 12280-01-2,
12429-73-1, 12536-65-1, 147749-62-2 (Briggs, 2004; Smith, 2002; Lide, 2008, Touval, 2000,
Goodwin, 2006); analog data from other confidential compounds was also used.

Chemical Structure(s):
*Note: Include chemical structure(s) of all suitable analogs (and /or moieties) used in the assessment.

Zn++
.I'O-
0-§
o Zntt O Zn*t
“0-8,
o

Notes related to production specific attributes’:
For Inorganic Chemicals and relevant particulate organics (if not relevant, list NA)

According to the DfE report, “This alternative is an inorganic compound. Zinc borates have the
general formula xZnO - yB20s - zH20. Zinc borate hydrate analogs may have differing and possibly
complex ratios for the water of hydration. In the absence of experimental data, professional judgment
using chemical class and structural considerations were used to complete this hazard profile.”

Define Properties:

1. Particle size (e.g., silica of respirable size)

2. Structure (e.g., amorphous vs. crystalline)

3. Mobility (e.g., water solubility, volatility)

4. Bioavailability: Zinc borate is estimated to not be absorbed through skin. Absorption is expected
through lungs and gastrointestinal (GI) tract. Limited toxicokinetic data suggest that zinc borate
breaks down readily in the stomach to zinc oxide and boric acid.

For Polymeric Materials: (delete this section if not a polymeric material) Not a polymer
Identify Applications/Functional Uses:
(e.g., Cleaning product, TV casing)

" Note any composition or hazard attributes of the chemical product relevant to how it is manufactured. For
example, certain synthetic pathways or processes result in typical contaminants, by-products or transformation
products. Explain any differences between the manufactured chemical product and the GreenScreen assessment of
the generic chemical by CAS #.

8 An Alternatives Assessment for the Flame Retardant Decabromodiphenylether (DecaBDE) Final Report,
Available at: http://www.epa.gov/dfe/pubs/projects/decaBDE/deca-report-complete.pdf, p 4-737, accessed 2/9/2014.
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1. Flame Retardant

GreenScreen Benchmark Score and Hazard Summary Table:*0!12

Zinc Borate was assigned a Benchmark Score of 1 based on high group I human toxicity endpoints
(mutagenicity, reproductive toxicity, and developmental toxicity); high group Il toxicity endpoints
(neurotoxicity) and very high ecotoxicity (acute aquatic) along with very high persistence.

Green Screen Hazard Ratings: [Zinc Borate]

Group I Human Group II and IT* Human Ecotox Fate Physical
CI|M]|]R]DJ]E/]AT SnR*] IrS |[IrE| AA |CA| P | B | Rx | F

single

L L | L DG M | M L | L

Note: Hazard levels (Very High (vH), High (H), Moderate (M), Low (L), Very Low (vL)) in italics
reflect estimated values, authoritative B lists, screening lists, weak analogues, and lower confidence.
Hazard levels in BOLD font are used with good quality data, authoritative A lists, or strong
analogues. Group Il Human Health endpoints differ from Group 11* Human Health endpoints in that
they have four hazard scores (i.e., vH, H, M and L) instead of three (i.e., H, M and L), and are based
on single exposures instead of repeated exposures.

Environmental Transformation Products and Ratings®®:
Identify feasible and relevant environmental transformation products (i.e., dissociation
products, transformation products, valence states) and/or moieties of concern'*

GreenScreen
List
Functional Life Trang— Environmenfcal Feasible Translator
Use Cycle | formation | Transformation CAS # and Score or
Stage | Pathway Products Relevant? | GreenScreen
Benchmark
Score
Zinc (23713-49-7) N/A
. i LT-P1
Zinc oxide (1314-13-2) (Pharos)
Borate (39201-27-9) N/A
Zinc hydroxide | (10043-35-3) N/A
. LT-1
Boric acid 11113-50-1) (Pharos)

® See Appendix A for a glossary of hazard endpoint acronyms

10 See Appendix B for alternative GreenScreen Hazard Summary Table (Classification presented by exposure route)
1 For inorganic chemicals only, see GreenScreen Guidance V1.2 Section 14.4. (Exceptions for Persistence)

12 For Systemic Toxicity and Neurotoxicity, repeated exposure data are preferred. Lack of single exposure data is
not a Data Gap when repeated exposure data are available. In that case, lack of single exposure data may be
represented as NA instead of DG. See GreenScreen Guidance V1.2 Section 9.3.

13 See GreenScreen Guidance V1.2 Section 13

1 A moiety is a discrete chemical entity that is a constituent part or component of a substance. A moiety of concern
is often the parent substance itself for organic compounds. For inorganic compounds, the moiety of concern is
typically a dissociated component of the substance or a transformation product.
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Hazard Classification Summary Section:

For all hazard endpoints:
e Search all GreenScreen specified lists. Report relevant results either in each hazard
endpoint section or attach to the end of the report.
e Always indicate if suitable analogs or models were used.
e Attach modeling results (See Appendix C).
e Include all references either in each hazard endpoint section or at the end of the report.

Group | Human Health Effects (Group | Human)

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

Zinc borate was assigned a score of LOW for Carcinogenicity based on a low score within the EPA’s
DfE alternatives assessment. The designations in both GreenScreen and EPA’s alternatives
assessments are based on the same measured endpoints. While the EPA indicates the score was based
on studies which include data for zinc borate, the alternatives assessment report only provides insight
into results for boric acid. Therefore it appears that the score is based on test data for boric acid and
the absence of zinc borate from regulatory lists. The score was based on a surrogate chemical and
professional judgment and is therefore is reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

LOW: There is no evidence of carcinogenicity following exposure to zinc borate or its metabolites
zinc oxide and boric acid. Zinc borate is not listed as a known carcinogen by IARC, NTP, U.S. EPA
or California Proposition 65.

Mutagenicity/Genotoxicity (M) Score (H, M or L): H

Zinc borate was assigned a score of HIGH for Mutagenicity based on a high score within the EPA’s
DfE alternatives assessment. The designations in both GreenScreen and EPA’s alternatives
assessments are based on the same measured endpoints. The score was based on professional
judgment for exposures to zinc with no additional data provided. Data was provided which indicated
zinc borate and boric acid where negative for mutagenicity in in vitro tests. The high score within
EPA’s Alternatives assessment was based on professional judgment and therefore is reported in
italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

HIGH: Potential for mutagenicity based on exposure to zinc. Zinc borate did not cause gene
mutations or chromosomal aberrations in vitro. In addition, in vitro and in vivo assays for the
metabolite boric acid were negative for genotoxicity.

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

Zinc borate was assigned a score of HIGH for Reproductive Toxicity based on a moderate score
within the EPA’s DfE alternatives assessment. For reproductive toxicity, EPA’s DfE uses numerical
data quantifying the hazard associated with the 3 different hazard levels, whereas GreenScreen does
not base the hazard score on a numerical rating system but bases classifications on listing under
GHS, the EU and NTP. Therefore the conversion of DfE’s developmental and reproductive toxicity
conclusions to comparable GreenScreen hazard scores is done on a case by case basis. DfE’s
moderate score was based on reproductive effects occurring in rats after exposures to boric acid with
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reproductive LOAELSs between 58.5-217 mg/kg. The reproductive effects presented in the DfE report
however correspond to a GHS reproductive hazard score of 1B and a GreenScreen hazard score of
high. The score was based on test data for an analogue chemical within EPA’s alternatives
assessment and therefore is reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

MODERATE: Estimated based on reproductive system effects following exposure to boric acid.
Exposure to boric acid resulted in male reproductive toxicity including increased incidence of
testicular atrophy, reduced sperm count and degeneration of seminiferous tubules.

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

Zinc borate was assigned a score of HIGH for Developmental Toxicity based on a moderate score
within the EPA’s DfE alternatives assessment. For developmental toxicity, EPA’s DfE uses
numerical data quantifying the hazard associated with the 3 different hazard levels, whereas Green-
Screen does not base the hazard score on a numerical rating system but bases classifications on
listing under GHS, the EU and NTP. Therefore the conversion of DfE’s developmental and
reproductive toxicity conclusions to comparable GreenScreen hazard scores is done on a case by case
basis. DfE’s moderate score was based on developmental effects occurring in rats and rabbits after
exposures to zinc oxide and boric acid respectively. In both species developmental LOAELs > 100
mg/kg where identified. These effects however correspond to a GHS developmental hazard score of
1B and a GreenScreen hazard score of high. The test data was collected on surrogate chemicals and
therefore is reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

MODERATE: Estimated based on developmental effects following exposure to zinc oxide, known to
be formed from zinc borate in the stomach. Exposure to zinc oxide resulted in increased incidence of
stillborn pups. Developmental toxicity data for boric acid exposure in rabbits, rats and mice are
consistent with this hazard designation.

Endocrine Activity (E) Score (H, Mor L): L
Zinc borate was assigned a score of LOW for Endocrine Activity based on expert judgment with no
additional information provided.

The summary provided within the EPA’s alternatives assessment was as follows:
Does not have potential for endocrine activity based on expert judgment.

Group Il and 11* Human Health Effects (Group Il and 11* Human)

Note: Group Il and Group I1* endpoints are distinguished in the v 1.2 Benchmark system (the
asterisk indicates repeated exposure). For Systemic Toxicity and Neurotoxicity, Group Il and 11* are
considered sub-endpoints. When classifying hazard for Systemic Toxicity/Organ Effects and
Neurotoxicity endpoints, repeated exposure results are required and preferred. Lacking repeated
exposure results in a data gap. Lacking single exposure data does not result in a data gap when
repeated exposure data are present (shade out the cell in the hazard table and make a note). If data
are available for both single and repeated exposures, then the more conservative value is used.

Acute Mammalian Toxicity (AT) Group Il Score (vH, H, Mor L): L
Zinc borate was assigned a score of LOW for Acute Mammalian Toxicity. The acute mammalian
toxicity classifications in both the EPA’s DfE and GreenScreen assessments are based on the same
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measured endpoints. The acute mammalian toxicity score was based on test data and therefore is not
reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:
LOW: Based on acute toxicity values >2,000 mg/kg for the oral and dermal routes of exposure. Data
are inadequate to assess inhalation exposure.

Systemic Toxicity/Organ Effects incl. Immunotoxicity (ST)

(ST-single) Group Il Score (single dose: vH, H, M or L):

DfE evaluates Systemic Toxicity based on repeated exposures. Lack of data for Systemic Toxicity
based on a single exposure does not constitute a data gap when data for repeated exposures are
available.

(ST-repeat) Group I1* Score (repeated dose: H, M, L): M

Zinc borate was assigned a score of MODERATE for Systemic Toxicity/Organ Effects based on
repeated exposure data provide within the DfE report. While DfE has classified zinc borate as a low
hazard for repeat dose, information reported within the alternatives assessment indicated 21-day oral
zinc oxide exposures in ferrets led to pale livers with fatty infiltration and enlarged kidneys;
macrocytic hypochromic anemia, increased reticulocytes and leukocytosis with a LOAEL of 243
mg/kg-day. When adjusted to correspond to a 90-day exposure period, this LOAEL equates to a
moderate GreenScreen score. In addition, the DfE report indicates some potential for immunotoxic
effects based on Based on confidential data to other Zn** compounds. The score was based on results
with zinc oxide, boric acid and expert judgment and therefore is reported in italics within the
GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

LOW: Estimated based on data for boric acid. Limited data indicate repeated exposure to boric acid
may cause effects including decreased food consumption and body weight gain, clinical signs of
toxicity and changes in hematological parameters, though these effects occur at doses of >100
mg/kg-day of boric acid. No repeated dose toxicity data were located for zinc borate.

In addition:
There is uncertain potential for immunotoxicity based on exposure to zinc ions.

Neurotoxicity (N)

(N-single) Group Il Score (single dose: vH, H, M or L): vH

Zinc borate was assigned a score of VERY HIGH for single dose Neurotoxicity based on a high
score within the repeat dose evaluation of the EPA’s DfE alternatives assessment. This conclusion
within the DfE report was based on the limited data indicating a 4-hour inhalation exposure to boric
acid may cause neurotoxic effects in rats at 0.16 mg/L. The EPA’s alternatives assessment does not
evaluate single dose neurotoxicity; however, data included within the DfE’s report was used to
evaluate this endpoint within GreenScreen. The score was based on test data for boric acid and
therefore is reported in italics within the GreenScreen assessment.

(N-repeat) Group I1* Score (repeated dose: H, M, L): H

Zinc borate was assigned a score of HIGH for Neurotoxicity based on a high score within the EPA’s
DfE alternatives assessment. This conclusion within the DfE report was estimated based on analog
chemicals (zinc oxide) and professional judgment. The limited data indicating a 4-hour inhalation
exposure to boric acid may cause neurotoxic effects in rats at 0.16 mg/L has been evaluated within
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single dose neurotoxic effects. The high designation in both GreenScreen and EPA’s alternatives
assessments are based on the same measured endpoints. The score was based on expert judgment
within EPA’s alternatives assessment and therefore is reported in italics within the GreenScreen
assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

HIGH: Estimated based on analogy to data for boric acid. Limited data indicate a 4-hour inhalation
exposure to boric acid may cause neurotoxic effects in rats at 0.16 mg/L. Limited data were located
regarding neurotoxic effects caused by exposure to zinc borate or zinc oxide. There is also potential
for developmental neurotoxicity based on boric acid using expert judgment.

Skin Sensitization (SnS) Group I1* Score (H, Mor L): L

Zinc borate was assigned a score of LOW for Skin Sensitization. This conclusion was based on data
for zinc borate and boric acid. The low designation for skin sensitization in both GreenScreen and
EPA’s alternatives assessments are based on the same measured endpoints. The score was based on
test data within EPA’s alternatives assessment and therefore is not reported in italics within the
GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:
LOW: Zinc borate is not a skin sensitizer in guinea pigs.

Respiratory Sensitization (SnR) Group I1* Score (H, M or L): DG
Zinc borate was assigned a score of DATA GAP for Respiratory Sensitization. This conclusion was
based on no data located.

Skin Irritation/Corrosivity (IrS) Group Il Score (vH, H,Mor L): M

Zinc borate was assigned a score of MODERATE for Skin Irritation/Corrosivity based on tests
results provided within the EPA’s DfE alternatives assessment which indicates zinc borate is
irritating to skin with no additional information. DfE categorizes zinc borate as a low dermal irritant
which corresponds to a moderate score under GreenScreen Skin Irritation/Corrosivity. The score was
based on reporting from a reliable secondary source within EPA’s alternatives assessment and
therefore is not reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:
LOW: Zinc borate may cause skin irritation, but is not corrosive.

Eye Irritation/Corrosivity (IrE) Group Il Score (vH, H,Mor L): M

Zinc borate was assigned a score of MODERATE for Eye Irritation based on tests results provided
within the EPA’s DfE alternatives assessment. DfE categorizes zinc borate as a low eye irritant
which corresponds to a moderate score under GreenScreen Eye Irritation/Corrosivity. The score was
based on test data within EPA’s alternatives assessment and therefore is not reported in italics within
the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:
LOW: Zinc borate causes no irritation to mild irritation.

Ecotoxicity (Ecotox)

Acute Aquatic Toxicity (AA) Score (vH, H, M or L): vH
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Zinc borate was assigned a score of VERY HIGH for Acute Aquatic Toxicity. While the DfE report
indicates a high hazard for zinc borate, information provided within the alternatives assessment
indicated zinc borate is classified as R53 which corresponds to a very high hazard score in
GreenScreen. The designations for acute aquatic toxicity in both GreenScreen and EPA’s alternatives
assessments are based on the same measured endpoints. The score was based on information from an
authoritative list and therefore is not reported in italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

HIGH: Based on estimated potential for dissolved zinc species to cause adverse effects in aquatic
species, as described in the EPA Chemical Categories document which includes all soluble
complexes of zinc. (Professional judgment)

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

Zinc borate was assigned a score of HIGH for Chronic Aquatic Toxicity. The designations for
chronic aquatic toxicity in both GreenScreen and EPA’s alternatives assessments are based on the
same measured endpoints. The score was estimated based on aquatic toxicity effects from dissolved
zinc species as described in the EPA Chemical Categories document which indicates toxicity
occurring at <0.1mg/L, a concentration associated with a very high chronic aquatic toxicity score.
The score was based on estimated values and therefore is reported in italics within the GreenScreen
assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

HIGH: Based on estimated potential for dissolved zinc species to cause adverse effects in aquatic
species, as described in the EPA Chemical Categories document which includes all soluble
complexes of zinc. (Professional judgment)

Environmental Fate (Fate)

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

Zinc borate was assigned a score of VERY HIGH for Persistence. While DfE reports a high score for
persistence, professional judgment included in the alternatives assessment indicates that the Zn ion
will be recalcitrant in the environment and has a half-life in the atmosphere of >1 year. The score
was based on expert judgment within EPA’s alternatives assessment and therefore is reported in
italics within the GreenScreen assessment.

The summary provided within the EPA’s alternatives assessment was as follows:

HIGH: Zinc borate is expected to have high persistence in the environment because of the persistence
of Zn*" ions. The behavior of zinc borate in water is complex. In acidic aqueous conditions, zinc
borate releases Zn®* and boric acid. The Zn?* will not undergo further degradation but can undergo
precipitation, sorption, or ligand exchange reactions in the environment. In basic aqueous conditions,
zinc borate forms boric acid and hydrated zinc oxide. Zinc borate was found to be stable in sunlight,
under normal and elevated temperatures, according to an EPA guideline study.

Bioaccumulation (B) Score (vH, H, M, L, or vL): vL

Zinc borate was assigned a score of VERY LOW for Bioaccumulation. The low designation for
bioaccumulation in EPA’s alternatives assessment is equivalent to a very low score in GreenScreen.
The score was based on an estimated measured BCF value and therefore is reported in italics within
the GreenScreen assessment.
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The summary provided within the EPA’s alternatives assessment was as follows:
LOW: Zinc borate is not expected to be very soluble in water and therefore does not have potential
for bioaccumulation.

Physical Hazards (Physical)

Reactivity (Rx) Score (vH, H, M or L): L

Zinc borate was assigned a score of LOW for Reactivity. EPA does not assess reactivity as one of its
hazard criteria and, therefore, no data were available in the EPA assessment to address this criterion.
However, several Material Safety Data Sheets™ indicate zinc borate has a low level of reactivity
concern. In addition, it is an inorganic compound with a melting point of 980 degrees C (Hazardous
Substances Database) and the US National Oceanographic and Atmospheric Administration (NOAA)
has identified no reactivity alerts for zinc borate™®. Based upon this information and professional
adjustment, the reviewer believes a score of low is appropriate.

Flammability (F) Score (vH,H, M or L): L
Zinc borate was assigned a score of LOW for Flammability based on a not flammable description
within the DfE report. This conclusion was based on adequate data and is not reported in italics.

References (may be provided under each hazard endpoint or at the end of document)

> Example MSDS available at: http://www.chemphys.com/en/YKTGuanL i/System/UpFile/200881817524346.pdf,
accessed 9/2013.
1 NOAA Cameo Chemicals database zinc borate entry.
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APPENDIX A: Hazard Benchmark Acronyms
(alphabetical order)

(AA) Acute Aquatic Toxicity
(AT) Acute Mammalian Toxicity
(B)  Bioaccumulation

(C)  Carcinogenicity

(CA) Chronic Aquatic Toxicity
(Cr) Corrosion/ Irritation (Skin/ Eye)
(D)  Developmental Toxicity

(E)  Endocrine Activity

(F)  Flammability

(IrE) Eye Irritation/Corrosivity
(IrS) Skin Irritation/Corrosivity

(M)  Mutagenicity and Genotoxicity

(N)  Neurotoxicity

(P)  Persistence

(R)  Reproductive Toxicity
(Rx) Reactivity

(SnS) Sensitization- Skin

(SnR) Sensitization- Respiratory

(ST) Systemic/Organ Toxicity
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