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Preamble

Austria volunteered as rapporteur for the substances boric acid and disodium tetraborate anhydrous on the 4"
priority list, which was officially published on 26™ October 2000. In 2003 a possible strategic partnership”
between Austria and Industry (European Borates Association (EBA)) was considered as a test run for
“Substance evaluation” under REACH. This approach was discussed in the Technical Committee for New
and Existing Substances (TC NES II1-03, September 2003) and at the CA Meeting (November 2003).
Comments on this “strategic partnership” were received from TC NES and were considered in the beginning
of 2004. A “declaration of intent” between Austria and EBA was signed in March 2004. The declaration
specifies the duties of the partners and is attached in Annex I of the dossier.

It was decided that Industry would prepare a complete risk assessment for evaluation by the Austrian CA by
the end of 2006. The first draft dossier, containing human health and environmental hazard assessments, was
received on 1% June 2007 from the EBA. The draft dossier was circulated to TC NES for preliminary written
procedure in June. A revised dossier was submitted by EBA to Austria in October 2007 and circulated for
discussion at TC NES IV-07, December 2007. A first discussion on only the human health hazard
assessment was had at TC NES IV-07. The environmental hazard assessment was submitted for written
procedure. During the discussion, agreement on the critical values for the following sections was achieved:
toxicokinetics, acute toxicity, skin and eye irritation, sensitization, mutagenicity, and carcinogenicity.
Preliminary agreement was achieved for the endpoint for reproductive toxicity, whereas no agreement was
achieved for respiratory irritation. The human health hazard assessment was not discussed a second time
within the framework of TC NES and no discussions were held at TC NES meetings on the environmental
hazard assessment. This was due to other risk assessment dossiers taking precedence for TC NES.

According to Article 136 (3) of (EC) 1907/2006 the rapporteur member states responsible for Risk
Assessment Reports (RAR) not finalized under the Existing Substances Regulation (ESR) program are
bound to submit a transitional annex XV dossier for their substances to the agency by 1* December 2008.
The remaining time was used by Austria and EBA to work jointly on the transitional annex XV dossier. The
following sections were carried out by Austria and reviewed by EBA: Human health hazard assessment,
environmental hazard assessment with regard to the aquatic compartment and microbial activity in sewage
treatment systems. The environmental hazard assessment for the terrestrial compartment as well as the first
tier exposure assessments for humans and the environment were drafted by EBA and reviewed by Austria.
The exposure data available at the time this dossier was compiled are insufficient for a detailed exposure
assessment, and can only support a first tier approach. Additionally, the environmental hazard assessment
can only be considered a first tier assessment as several data are missing. Thus, the section on risk
characterization is to be regarded as preliminary and is not as elaborated as necessary for the registration
dossier.

In spite of extensive discussions between Austria and Industry and engagement of internal and external
experts, the results compiled in this dossier have not received comparable scrutiny as other RARs prepared
under the ESR program. It should be noted that substantial amendments have been made to the dossier since
November 2007 when TC NES last reviewed this dossier. Therefore, this has to be considered when using
this dossier for further applications under REACH. Given the identified gaps in knowledge relating to effect
data, as well as to exposure information, this risk assessment can only be seen as a first tier approach. The
registrant(s) will fill these gaps for their registration dossier and areas requiring further work are summarized
in annex II of this dossier. This Annex has been prepared by EBA and has been reviewed by Austria. It
cannot be seen as a final list of information requirements, since during the work of Industry on the
registration dossier new issues might arise.
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FIGURES

Fig. 2.1:
data)
Fig. 2.2:

OELs of Member States of the EU

Conversion factors used for each of the substances for boron content

These tables contain the derived exposure levels for occupational single tasks
(scenario 1 to 9) via inhalation and dermal route. Tables should be searched via the
content-list (chapter 9.1.5.1 — 9.1.5.9).

Modifiers for duration of activity

These tables contain the derived exposure levels for “mixed exposure”scenarios for
M/I (scenario 10) via inhalation and dermal route. They are given in chapter
9.1.5.10.

These tables contain the derived exposure levels for “mixed exposure”scenarios for
DU (scenario 11) via inhalation and dermal route. They are given in chapter
9.1.5.11.

These tables contain a summary of all derived exposure levels including single task-
and “mixed exposure”’scenarios for M/I and DU (chapter 9.1.5.12).

End use volumes of all borate substances relevant for consumer exposure (boric acid,
disodium tetraborate decahydrate, disodium tetraborate pentahydrate, disodium
tetraborate anhydrous) (EBA, 2008)

Total exposure levels for consumer via detergents

Summary of consumer exposure estimates. Values carried forward for risk
characterisation.

Standard EU food consumption of EU consumers according the TGD (2003)
Estimated dietary intake of boron — regional environment

Estimated dietary intake of boron — local environment

Overview of local environmental exposure (input data)

Results of local environmental exposure PECvalues

Assessment of PECregional — default values

Ambient concentration of boron in the environment with emphasis on the European
continent

These tables contain information about the emission inventory

These tables contain information regarding the waste stream analysis

Worker-RCR-long term inhalation for single tasks

Worker-RCR-long term dermal for single tasks

Worker-RCR-long term inhalation for “mixed exposure”-scenarios
Worker-RCR-long term dermal for mixed exposures

Worker-RCR-long term systemic for mixed exposures

Worker-RCR-short term inhalation for single tasks

Regional- Man via environment

Local- Man via environment

Aggregated RCRs for worker via environment (typical exposure of workers)
Aggregated RCRs for worker via environment (RWC exposure of workers)
Summary of calculated PECadd/PNECadd ratios for generic and specific assessment
Summary of calculated PECadd/PNECadd ratios for generic and specific assessment
Summary of calculated PECadd/PNECadd ratios for generic and specific assessment

Division of boric acid and sodium tetraborates by end use application (provisional year 2005

Division of boric acid and sodium tetraborates (sodium tetraborate anhydrous, sodium

tetraborate pentahydrate, sodium tetraborate decahydrate) by end use application (year 2007
data) (EBA, 2008)

Fig. 2.3:
Fig. 2.4:

Division of boric acid by end use application (year 2007 data, confidential data) (EBA, 2008)
Division of sodium tetraborates (anhydrous, pentahydrate, decahydrate) by end use application

(year 2007 data, confidential data) (EBA, 2008)
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Fig. 5.1:
Fig. 7.1:
Fig. 7.2:

Fig. 10.1:
Fig. 10.2:

Fig. 10.3:

Poisson regression analysis of the results from Wegman et al. (1991).

Derived EC, for sludge respiration inhibition

U-shaped toxicity patern

Environmental distribution of ambient boron levels in the EU;

Baseline B-levels (dissolved) in European surface waters (figure taken from FOREGS
Geochemical Baseline Programme)

Share of different activities in total releases to air from industrial sites in England and Wales
regulated by the Environment Agency (IPC, PPC, WML, RAS and WIA) (UK Environment
Agency, October 2008)
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PART B
INFORMATION ON HAZARD AND RISK
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1 IDENTITY OF THE SUBSTANCE(S) AND PHYSICAL AND CHEMICAL

PROPERTIES
1.1 Name and other identifiers of the substances

Chemical Name: Boric acid Disodium tetraborate anhydrous
Disodium tetraborate pentahydrate
Disodium tetraborate decahydrate

EC Name: 233-139-2 215-540-41

CAS Number: 10043-35-3 Disodium tetraborate anhydrous: 1330-43-4
Disodium tetraborate pentahydrate: 12179-04-
03
Disodium tetraborate decahydrate: 1303-96-4

IUPAC Name: Ortho-boric acid; boric acid Disodium tetraborate anhydrous
Disodium tetraborate pentahydrate
Disodium tetraborate decahydrate

Synonyms Ortho boric acid; boracic Disodium tetraborate anhydrous:

acid; boron trihydroxide;
hydrogen orthoborate Anhydrous borax; Sodium tetraborate; Boron

sodium oxide (B4NayO,); Boric acid
(H,B407), disodium salt; Sodium borate,
Borax, fused
Disodium tetraborate pentahydrate:
Borax 5-mol; Sodium borate (Na,B4O5(OH),)
trihydrate; Sodium tetraborate pentahydrate;
Boron sodium oxide (B4Na,O,), pentahydrate;
Boric acid (H,B;0;), Disodium salt,
pentahydrate
Disodium tetraborate decahydrate:
Borax; Sodium tetraborate decahydrate;
Borax  decahydrate;  Sodium  biborate
decahydrate; Sodium pyroborate decahydrate;
Boron sodium oxide (B4Na,O7), decahydrate;
Boric acid (H;B40;), Disodium salt
decahydrate; Tetrasodium salts, decahydrate

Trade names: Optibor Disodium tetraborate anhydrous:

Borax glass; Dehybor; Pyrobor; Etibor 68

I The hydrated forms are listed in EINECS (European Inventory of Existing Commercial Chemical
Substance) under the anhydrous form of sodium tetraborate. There is an industry agreement to use the
anhydrous EINECS entry.
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Disodium tetraborate pentahydrate:
Neobor; V-bor; Etibor 48
Disodium tetraborate decahydrate:

Boricin; Borascu; Inkabor; Deca

The CAS numbers and EC numbers indicated in the table above are those used by the members of the
European Borates Association (EBA). There is another entry on the fourth priority list2 for boric acid, CAS#
11113-50-1, EC# 234-343-4, which is described as “crude natural, containing not more than 85% of H;BOs;,
calculated on a dry weight basis”. This boric acid is not supplied by the EBA members and is a Low
Production Volume substance3. Therefore, this risk assessment only considers the boric acid EC# 233-139-2,
CAS# 10043-35-3.

The hydrated forms of disodium tetraborate are listed under one EC number — EC#215-540-4 —which is that
of the anhydrous form in the European Inventory of Existing Commercial Chemical Substances (EINECS).
Some hydrated salts were listed separately within EINECS, however, there is an industry agreement to use
the anhydrous EINECS entry4. Each of the hydrated states (pentahydrate and decahydrate) has a separate
CAS number which provides an unique identifier for each. Disodium tetraborate pentahydrate is identified
by EBA members with CAS# 12179-04-3, although this substance is also listed under CAS# 12267-73-1 and
12045-88-4. Disodium tetraborate decahydrate is identified by EBA members by 1303-96-4, although the
substance is also listed under CAS# 13840-56-7.

This report covers boric acid (CAS# 10043-35-3) and disodium tetraborate anhydrous (CAS# 1330-43-4).
However, since disodium tetraborate pentahydrate (CAS# 12179-04-03) and disodium tetraborate
decahydrate (CAS# 1303-96-4) are hydrates of disodium tetraborate anhydrous (CAS# 1330-43-4) they are
also addressed in this report. In aqueous solution the latter two substances form the same products as
disodium tetraborate anhydrous (CAS# 1330-43-4) and are therefore comparable in their physical and
chemical properties. Since the presented borates differ only in their amount of water of crystallisation and
contain disodium tetraborate as a compound, they can equally be used for many applications.

2 Commission Regulation (EC) No 2364/2000 concerning the fourth list of priority substances as foreseen
under Council Regulation No 793/93.

3 ECB ESIS: European chemical Substances Information System, Version 5.00

4 Extract from: Manual of Decisions for Implementation of The Sixth and Seventh Amendments to Directive
67/548/EEC on Dangerous Substances (Directives 79/831/EEC And 92/32/EEC). Last modified: 23 January
2002

2.3. Criteria for reporting Substances for EINECS

14. Hydrates of a substance or hydrated ions, formed by association of a substance with water should not be
reported. The anhydrous form can be reported and will, by implication, represent all hydrated forms. The
products of discrete chemical reactions in which water is a reactant, i.e. a metal hydroxide formed by the
reaction of a metal oxide and water can be reported.
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1.2 Composition of the substances

For each constituent/ impurity/ additive, fill in the following table (which should be repeated in case of more
than one constituent). The information is particularly important for the main constituent(s) and for the
constituents (or impurity) which influence the outcome of the dossier.

Chemical Name: Boric Acid
EC Number: 233-139-2
CAS Number: 10043-35-3
IUPAC Name: ortho-boric acid, boric acid
Molecular Formula: H;BO;

other frequently used formulas are: B(OH); or B,05.3H,0
Structural Formula: OH

B

HO"J.f R\“OH
Molecular Weight: 61.8
Typical concentration (% w/w): >100%
Concentration range (% w/w): 99.9 -100.34

Chemical Name:
EC Number:
CAS Number:

TUPAC Name:

Molecular Formula:

The purity being > 100% is due to the variation of crystal water in
boric acid. Since boric acid consists of diboron-trioxide and water
(H3;BO; <> 1/2B,0; + 3/2H,0), even a slight decrease in the structural
water content will yield to a higher diboron-trioxide content which
will increase the purity

Disodium tetraborate anhydrous

215-540-4

Disodium tetraborate anhydrous: 1330-43-4
Disodium tetraborate pentahydrate: 12179-04-03
Disodium tetraborate decahydrate: 1303-96-4
Disodium tetraborate anhydrous

Disodium tetraborate pentahydrate

Disodium tetraborate decahydrate

Na,B40O,

Na,B,0,¢5H,0

Na,B,0,¢10H,0
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Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

B405(0 Hiy™
Disodium tetraborate anhydrous: 201.22

Disodium tetraborate pentahydrate: 291.35
Disodium tetraborate decahydrate: 381.37

>100% for all three hydrates

Disodium tetraborate anhydrous: 99.0 — 101.9%
Disodium tetraborate pentahydrate: 101.6 — 103.1%
Disodium tetraborate decahydrate: 101.0 — 104.6%

The purity being > 100% is due to the variation of crystal water in
boric acid. Since boric acid consists of diboron-trioxide and water
(H;BO; <> 1/2B,0; + 3/2H,0), even a slight decrease in the structural
water content will yield to a higher diboron-trioxide content which
will increase the purity.
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1.3 Physico-chemical properties
Boric acid
REACH ref Property TUCLID section Value Comment / Reference
Annex, §
VII, 7.1 Physical state at 20°C and 4.1 White, crystalline, odourless solid
101.3 kPa
VII, 7.2 Melting/freezing point 4.2 No melting point can be defined in the range 25- If heated above 100°C water is lost and boric acid
1000°C due to the decomposition of the substance. | converts initially to metaboric acid (HBO,) and on
further heating forms boric oxide (B,03). Cordia JA et
al. (2003a)
VII, 7.3 Boiling point 4.3 not required Melting point of boric oxide is >300°C.
VI, 7.4 Relative density 4.4 D> = 1.489 + 0.006 Cordia JA et al. (2003a)
VII, 7.5 Vapour pressure 4.6 not required Melting point of boric oxide is >300°C.
VIIL, 7.6 Surface tension 4.10 not applicable Surface tension is not expected for inorganic
substances.
VII, 7.7 Water solubility 4.8 49.20 +£0.35 g/ 1 at. 20£0.5°C The difference between the determined water
47.2 g/l at 20°C (literature value) solubility (Cordia JA et al. (2003a)) and the literature
value (47.2 g/1, Mellor (1980)) could be explained by
the fact that the two protocol methods used in each
case were different.
Mellor’s Comprehensive Treatise on Inorganic and
Theoretical Chemistry, Volume V Boron, Part A:
Boron-Oxygen Compounds, Longman London and
New York, (1980), ISBN 0-582-46277-0, page 254.
Cordia JA et al.(2003a)
VII, 7.8 Partition coefficient n- 4.7 -1.09 £ 0.16 (22+ 1°C) Although not required as this is an inorganic
octanol/water (log value) substance, an end point has been derived in Cordia JA
et al. (2003a).
VI, 7.9 Flash point 4.11 not required Inorganic substance
VII, 7.10 Flammability 4.13 non-flammable Rowe SM & Merritt M (2003)
VIL, 7.11 Explosive properties 4.14 not explosive Rowe SM & Merritt M (2003)
VII, 7.12 Self-ignition temperature
VIL, 7.13 Oxidising properties 4.15 No oxidising properties
VII, 7.14 Granulometry 4.5 dso =<75 - 680 um Boric acid is sold in both granular and powder forms.
The range given here describes both granular and
powder products.
IX, 7.15 Stability in organic solvents 4.17 not required Inorganic substance

and identity of relevant
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Boric acid

REACH ref Property TUCLID section Value Comment / Reference
Annex, §
degradation products
IX,7.16 Dissociation constant 421 Boric acid is a Lewis acid (hydroxide ion At low boron concentrations (B < 0.025 M) the
acceptor) rather than a Brensted acid (proton following equilibrium is found .
donator). For this purpose the formula for boric B(OH); + 2H,0 «> [B(OH),] + H;0 pKa
acid is best written as B(OH);. =9.0at25°C
o . . . Although at these concentrations, boric acid exists as
pKa = 9.0 at 25°C for boric acid in dilute solutions undissociated boric acid B(OH); at pH < 5, whereas at
only (B <0.025 M). pH > 12.5 the metaborate ion -[B(OH)4] - becomes
the main species in solution. Both species are present
At higher boron concentrations, polynuclear at pH 5-12.5 at concentrations B < 0.025 M.
complexes are formed and several
dissociation/formation constants apply. At higher boron concentrations (B > 0.025 M) an
equilibrium is formed between B(OH);, polynuclear
complexes of B;05(OH),, B,Os(OH),*, B;O5(OH)s>,
B50¢(OH), and B(OH),4". In short:
B(OH); <> polynuclear anions <> B(OH),".
Again, pH<S5, boron is mainly present at B(OH); and
in alkaline solution at pH>12.5, boron is mainly
present as B(OH),". At in between values (pH 5-12)
polynuclear anions are found as well as B(OH); and
B(OH),".
The dissociation constant depends upon temperature,
ionic strength and presence of group I metal ions (Na,
K, Cs).
In the presence of metal ions (e.g. Na, Mg, Ca) ion-
pair complexes are formed, which further reduce the
undissociated boric acid concentration:
M + B(OH), VRN MB(OH),™D*
These ion pair complexes are expected to be present in
solutions of disodium tetraborate, disodium octaborate
and buffered solutions of boric acid and boric oxide
(Ingri N (1963)).
X1, 7.17, Viscosity 4.22 Not relevant Solid substance
Reactivity towards container 4.18 Suitable container materials: Paper, Cardboard,
material Plastic (Polypropylene, High density
polyethylene)
Unsuitable container materials: Base metals
Thermal stability 4.19 Boric acid is stable up to approximately 75°C. It dehydrates on further heating to form metaboric acid
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Boric acid

REACH ref Property
Annex, §

TUCLID section

Value

Comment / Reference

and then boric oxide:

B(OH); —» HBO, + H,O (Temperature range 120 to
180°C)

HBO, — 0.5 B,03 + H,O (Temperature range 180 to
~400°C).

Boric oxide and metaboric acid will convert to boric
acid on contact with water or on exposure to moist air.

Rapid heating to ~250°C may cause boric acid to form
a highly viscous liquid whose composition lies
between HBO, and B,0;. Under these conditions, a
small quantity of boric acid can evaporate with the
evolved water vapour. This will be visible as white
fumes of condensed boric acid as the gas cools.

Cordia (2003) & Kemp (1956)

Table 1.1. Physico chemical properties for Boric Acid
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Disodium tetraborate anhydrous

REACH ref Property TUCLID section Value Comment / Reference

Annex, §

VII, 7.1 Physical state at 20°C and 4.1 White, crystalline, odourless solid

101.3 kPa

VI, 7.2 Melting/freezing point 4.2 737°C Cordia JA et al.(2003b)

VII, 7.3 Boiling point 4.3 not required Melting point is >300°C.

VII, 7.4 Relative density 4.4 D, =2.354 +0.007 Spruit WET et al. (2005)

VIIL, 7.5 Vapour pressure 4.6 not required Melting point is >300°C.

VII, 7.6 Surface tension 4.10 not applicable Surface tension is not expected for inorganic

substances.

V1L, 7.7 Water solubility 4.8 27.0+2.7 g/1at20+0.5°C The water solubility for disodium tetraborate
Derived from studies with the pentahydrate and anhydrous as such cannot be determined because
decahydrate disodium tetraborate anhydrous is converted into boric

acid/borate upon dissolution in water: Na,B,0; + 7
H,0 — 2 NaB(OH), + 2 B(OH);. The water solubility
found will be the water solubility for boric acid in the
presence of sodium ions.

The water solubility for disodium tetraborate
anhydrous is equal to an equivalent amount of
disodium tetraborate pentahydrate or disodium
tetraborate decahydrate. Cordia JA et al. (2003b and
c).

VII, 7.8 Partition coefficient n- 4.7 not required Inorganic substance
octanol/water (log value)

VII, 7.9 Flash point 4.11 not required Inorganic substance

VIL, 7.10 Flammability 4.13 non-flammable

VIIL, 7.11 Explosive properties 4.14 not explosive The molecular structure of disodium tetraborate

anhydrous does not indicate the presence of reactive or
instable groups in the molecule. The molecular
structure does not indicate that disodium tetraborate
anhydrous will explode under the conditions of the
test as described in Test Guideline A.14 of EC
Directive 92/69/EEC.

VII, 7.12 Self-ignition temperature

VIL, 7.13 Oxidising properties 4.15 No oxidising properties

VII, 7.14 Granulometry 4.5 dso =210 — 850pm Disodium tetraborate anhydrous is sold in both

granular and powder forms. The range given here
describes both granular and powder products.

XI, 7.15 Stability in organic solvents 4.17 not required Inorganic substance
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Disodium tetraborate anhydrous

REACH ref Property TUCLID section Value Comment / Reference
Annex, §
and identity of relevant
degradation products
XI, 7.16 Dissociation constant 4.21 Boric acid is a Lewis acid (hydroxide ion The dissociation constant for disodium tetraborate

acceptor) rather than a Brensted acid (proton
donator). For this purpose the formula for boric
acid is best written as B(OH);.

pKa =9.0 at 25 °C for boric acid in dilute
solutions only (B <0.025 M).

At higher boron concentrations, polynuclear
complexes are formed and several
dissociation/formation constants apply.

anhydrous as such cannot be determined because
disodium tetraborate anhydrous is converted into boric
acid/borate upon dissolution in water: Na,B,0; + 7
H,O — 2 NaB(OH), + 2 B(OH);. The dissociation
constant found will be the dissociation constant for
boric acid in the presence of sodium ions.

At low boron concentrations (B < 0.025 M) the
following equilibrium is found

B(OH); + 2H,0 <> [B(OH),] + H;0" pKa
=9.0at25°C

Although at these concentrations, boric acid exists as
undissociated boric acid B(OH); at pH < 5, whereas at
pH > 12.5 the metaborate ion -[B(OH)4] - becomes
the main species in solution. Both species are present
at pH 5-12.5 at concentrations B < 0.025 M.

At higher boron concentrations (B > 0.025 M) an
equilibrium is formed between B(OH);, polynuclear
complexes of B;0;(OH)4, B4Os(OH),>, B;O3(OH)s>,
Bs0¢(OH), and B(OH),4". In short:

B(OH); <> polynuclear anions <> B(OH),".

Again, pH<S, boron is mainly present at B(OH); and
in alkaline solution at pH>12.5, boron is mainly
present as B(OH),. At in between values (pH 5-12)
polynuclear anions are found as well as B(OH); and
B(OH),".

The dissociation constant depends upon temperature,
ionic strength and presence of group I metal ions (Na,
K, Cs).

In the presence of metal ions (e.g. Na, Mg, Ca) ion-
pair complexes are formed, which further reduce the
undissociated boric acid concentration:
M + B(OH), o MB(OH),™V*
These ion pair complexes are expected to be present in
solutions of disodium tetraborate, disodium octaborate
and buffered solutions of boric acid and boric oxide
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Disodium tetraborate anhydrous
REACH ref Property TUCLID section Value Comment / Reference
Annex, §
(Ingri N (1963)).
X1, 7.17, Viscosity 422 Not relevant Solid substance
Reactivity towards container 4.18 Suitable container materials: Paper, Cardboard,
material Plastic (Polypropylene, High density
polyethylene)
Unsuitable container materials: Base metals
Thermal stability 4.19 Disodium tetraborate anhydrous is stable up to Cordia JA et al. (2003b)
524/527 °C. At this temperature a phase transition
occurs. A melting point is found at 737°C.
Table 1.2: Summary of physico- chemical properties for disodium tetraborate anhydrous
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Disodium tetraborate pentahydrate

REACH ref Property TUCLID section Value Comment / Reference

Annex, §

VII, 7.1 Physical state at 20°C and 4.1 White, crystalline, odourless solid

101.3 kPa
VIL, 7.2 Melting/freezing point 4.2 No melting point can be defined because of When disodium tetraborate pentahydrate is heated, it
decomposition of the substance. gradually loses water of crystallisation, forming

disodium tetraborate anhydrous, Na,B4O,. An
endothermal peak is observed at 131 °C, due to the
loss of water. Due to a phase transition an exothermal
peak is observed at 524/527°C. The crystal form of
Na,B,;0; melts at 737°C
(Cordia JA et al. (2003b)).

VIL, 7.3 Boiling point 4.3 not required Melting point of disodium tetraborate anhydrous is
>300°C.

VII, 7.4 Relative density 4.4 D> = 1.860 = 0.008 Cordia JA et al. (2003b)

VII, 7.5 Vapour pressure 4.6 not required Melting point of disodium tetraborate anhydrous is
>300°C.

VIIL, 7.6 Surface tension 4.10 not applicable Surface tension is not expected for inorganic
substances.

VIL, 7.7 Water solubility 4.8 40.06 £2.70 (:‘33/ 1 at 20 £0.5°C The difference between the determined water

35.9 g/l at 20°C (literature value) solubility (Cordia JA et al. (2003b)) and the literature

value (35.9 g/l, Mellor (1980)) could be explained by
the fact that the two protocol methods used in each
case were different.
Mellor’s Comprehensive Treatise on Inorganic and
Theoretical Chemistry, Volume V Boron, Part A:
Boron-Oxygen Compounds, Longman London and
New York, (1980), ISBN 0-582-46277-0, page 254.

VII, 7.8 Partition coefficient n- 4.7 not required Inorganic substance

octanol/water (log value)

VI, 7.9 Flash point 4.11 not required Inorganic substance

VIIL, 7.10 Flammability 4.13 non-flammable

VII, 7.11 Explosive properties 4.14 not explosive The molecular structure of disodium tetraborate

pentahydrate does not indicate the presence of reactive
or instable groups in the molecule. The molecular
structure does not indicate that disodium tetraborate
pentahydrate will explode under the conditions of the
test as described in Test Guideline A.14 of EC
Directive 92/69/EEC.
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Disodium tetraborate pentahydrate

REACH ref Property TUCLID section Value Comment / Reference
Annex, §
VIL, 7.12 Self-ignition temperature
VII, 7.13 Oxidising properties 4.15 No oxidising properties
VII, 7.14 Granulometry 4.5 dsg =460 — 520 ['m
XI, 7.15 Stability in organic solvents 4.17 not required Inorganic substance
and identity of relevant
degradation products
X1, 7.16 Dissociation constant 421 Boric acid is a Lewis acid (hydroxide ion The dissociation constant for disodium tetraborate

acceptor) rather than a Brensted acid (proton
donator). For this purpose the formula for boric
acid is best written as B(OH);.

pKa =9.0 at 25 °C for boric acid in dilute
solutions only (B <0.025 M).

At higher boron concentrations, polynuclear
complexes are formed and several
dissociation/formation constants apply.

pentahydrate as such cannot be determined because
disodium tetraborate pentahydrate is converted into
boric acid/borate upon dissolution in water:
Na,B,0,.5H,0 + 2 H,0 — 2 NaB(OH), + 2 B(OH)s.
The dissociation constant found will be the
dissociation constant for boric acid in the presence of
sodium ions.

At low boron concentrations (B < 0.025 M) the
following equilibrium is found

B(OH); + 2H,0 <> [B(OH),] + H;0" pKa
=9.0at25°C

Although at these concentrations, boric acid exists as
undissociated boric acid B(OH); at pH < 5, whereas at
pH > 12.5 the metaborate ion -[B(OH)4] - becomes
the main species in solution. Both species are present
at pH 5-12.5 at concentrations B < 0.025 M.

At higher boron concentrations (B > 0.025 M) an
equilibrium is formed between B(OH);, polynuclear
complexes of B;0;(OH)4, B4Os(OH),>, B;O3(OH)s>,
Bs04(OH),4 and B(OH),". In short:

B(OH); <> polynuclear anions <> B(OH),".

Again, pH<S, boron is mainly present at B(OH); and
in alkaline solution at pH>12.5, boron is mainly
present as B(OH),. At in between values (pH 5-12)
polynuclear anions are found as well as B(OH); and
B(OH),4.

The dissociation constant depends upon temperature,
ionic strength and presence of group I metal ions (Na,
K, Cs).

In the presence of metal ions (e.g. Na, Mg, Ca) ion-
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Disodium tetraborate pentahydrate
REACH ref Property TUCLID section Value Comment / Reference
Annex, §
pair complexes are formed, which further reduce the
undissociated boric acid concentration:
M + B(OH), o MB(OH),™V*
These ion pair complexes are expected to be present in
solutions of disodium tetraborate, disodium octaborate
and buffered solutions of boric acid and boric oxide
(Ingri N (1963)).
X1, 7.17, Viscosity 4.22 Not relevant Solid substance
Reactivity towards container 4.18 Suitable container materials: Paper, Cardboard,
material Plastic (Polypropylene, High density
polyethylene)
Unsuitable container materials: Base metals
Thermal stability 4.19 Disodium tetraborate pentahydrate is stable up to At this temperature water of crystallisation is lost to
131°C. form disodium tetraborate anhydrous (Cordia JA et al.
(2003b)).
Table 1.3: Summary of physico- chemical properties for disodium tetraborate pentahydrate
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Disodium tetraborate decahydrate

REACH ref Property TUCLID section Value Comment / Reference
Annex, §
VII, 7.1 Physical state at 20°C and 4.1 White, crystalline, odourless solid
101.3 kPa
VI, 7.2 Melting/freezing point 4.2 No melting point detected below 1000°C. Cordia JA (2003c)
VIL, 7.3 Boiling point 4.3 not required Melting point of disodium tetraborate anhydrous is
>300°C.
VIL, 7.4 Relative density 4.4 D2 =1.74+0.01 Cordia JA (2003c)
VII, 7.5 Vapour pressure 4.6 not required Melting point of disodium tetraborate anhydrous is
>300°C.
VIIL, 7.6 Surface tension 4.10 not applicable Surface tension is not expected for inorganic
substances.
VII, 7.7 Water solubility 4.8 49.74 +£3.63 g/ 1 at. 20£0.5°C The difference between the determined water
47.0 g/l at 20°C (literature value) solubility (Cordia JA (2003c)) and the literature value
(47.0 g/1, Mellor (1980)) could be explained by the
fact that the two protocol methods used in each case
were different.
Mellor’s Comprehensive Treatise on Inorganic and
Theoretical Chemistry, Volume V Boron, Part A:
Boron-Oxygen Compounds, Longman London and
New York, (1980), ISBN 0-582-46277-0, page 254.
VII, 7.8 Partition coefficient n- 4.7 -1.53+0.05 (22 £ 1°C) Although not required as this is an inorganic
octanol/water (log value) substance, an end point has been derived in Cordia JA
(2003c).
VI, 7.9 Flash point 4.11 not required Inorganic substance
VIIL, 7.10 Flammability 4.13 non-flammable
VII, 7.11 Explosive properties 4.14 not explosive The molecular structure of disodium tetraborate
decahydrate does not indicate the presence of reactive
or instable groups in the molecule. The molecular
structure does not indicate that disodium tetraborate
decahydrate will explode under the conditions of the
test as described in Test Guideline A.14 of EC
Directive 92/69/EEC.
VIL, 7.12 Self-ignition temperature
VII, 7.13 Oxidising properties 4.15 No oxidising properties
VIL, 7.14 Granulometry 4.5 dso =90 — 400pum Disodium tetraborate decahydrate is sold in both
granular and powder forms. The range given here
describes both granular and powder products.
X1, 7.15 Stability in organic solvents 4.17 not required Inorganic substance
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Disodium tetraborate decahydrate

REACH ref Property TUCLID section Value Comment / Reference
Annex, §
and identity of relevant
degradation products
XI, 7.16 Dissociation constant 4.21 Boric acid is a Lewis acid (hydroxide ion The dissociation constant for disodium tetraborate

acceptor) rather than a Brensted acid (proton
donator). For this purpose the formula for boric
acid is best written as B(OH);.

pKa =9.0 at 25 °C for boric acid in dilute
solutions only (B <0.025 M).

At higher boron concentrations, polynuclear
complexes are formed and several
dissociation/formation constants apply.

decahydrate as such cannot be determined because
disodium tetraborate decahydrate is converted into
boric acid/borate upon dissolution in water:
Na,B,0,.10H,0 — 2 NaB(OH), + 2 B(OH); + 3H,0.
The dissociation constant found will be the
dissociation constant for boric acid in the presence of
sodium ions.

At low boron concentrations (B < 0.025 M) the
following equilibrium is found

B(OH); + 2H,0 <> [B(OH),] + H;0" pKa
=9.0at25°C

Although at these concentrations, boric acid exists as
undissociated boric acid B(OH); at pH < 5, whereas at
pH > 12.5 the metaborate ion -[B(OH)4] - becomes
the main species in solution. Both species are present
at pH 5-12.5 at concentrations B <0.025 M.

At higher boron concentrations (B > 0.025 M) an
equilibrium is formed between B(OH);, polynuclear
complexes of B;0;(OH)4, B4Os(OH),>, B;05(OH)s>,
B50¢(OH), and B(OH),4". In short:

B(OH); <> polynuclear anions <> B(OH),".

Again, pH<S, boron is mainly present at B(OH); and
in alkaline solution at pH>12.5, boron is mainly
present as B(OH),. At in between values (pH 5-12)
polynuclear anions are found as well as B(OH); and
B(OH),".

The dissociation constant depends upon temperature,
ionic strength and presence of group I metal ions (Na,
K, Cs).

In the presence of metal ions (e.g. Na, Mg, Ca) ion-
pair complexes are formed, which further reduce the
undissociated boric acid concentration:
M + B(OH), o MB(OH),™V*
These ion pair complexes are expected to be present in
solutions of disodium tetraborate, disodium octaborate

27




Disodium tetraborate decahydrate
REACH ref Property TUCLID section Value Comment / Reference
Annex, §
and buffered solutions of boric acid and boric oxide
(Ingri N (1963)).
X1, 7.17, Viscosity 4.22 Not relevant Solid substance
Reactivity towards container 4.18 Suitable container materials: Paper, Cardboard,
material Plastic (Polypropylene, High density
polyethylene)
Unsuitable container materials: Base metals
Thermal stability 4.19 Disodium tetraborate decahydrate is stable up to Cordia JA (2003c)
47/48°C when water of crystallization is lost to
form disodium tetraborate pentahydrate.
Table 1.4: Summary of physico- chemical properties for disodium tetraborate decahydrate
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For comparative purposes, exposures to borates are often expressed in terms of boron (B) equivalents based
on the fraction of boron in the source substance on a molecular weight basis. As noted previously, only boric
acid and the borate anion are present at environmentally and physiologically relevant concentrations. Read-
across between the different boron compounds can be done on the basis of boron (B) equivalents. (See tables
1.1 to 1.4, section on dissociation constant). Conversion factors are given in Table 1.5 below).

Conversion factor for
equivalent dose of B

Boric acid H;BO; 0.1748

Disodium tetraborate anhydrous Na,B,0, 0.2149

Disodium tetraborate pentahydrate Na,B,0,¢5H,0 0.1484

Disodium tetraborate decahydrate Na,B,0,¢10H,0 0.1134

Table 1.5: Conversion factors to boron equivalents
14 Justification for grouping

This report covers boric acid (CAS# 10043-35-3) and disodium tetraborate anhydrous (CAS# 1330-43-4).
However, since disodium tetraborate pentahydrate (CAS# 12179-04-03) and disodium tetraborate
decahydrate (CAS# 1303-96-4) are hydrates of disodium tetraborate anhydrous (CAS# 1330-43-4) they are
also addressed in this report. In aqueous solution the latter two substances form the same products as
disodium tetraborate anhydrous (CAS# 1330-43-4) and are therefore comparable in their physical and
chemical properties. Since the presented borates differ only in their amount of water of crystallisation and
contain disodium tetraborate as a compound, they can equally be used for many applications.
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2 MANUFACTURE AND USES

2.1 Manufacture

Borates are naturally-occurring minerals containing boron, the fifth element on the Periodic Table. Trace
amounts exist in rock, soil and water. The element boron does not exist in nature by itself: boron combines
with oxygen and other elements to form boric acid, or inorganic salts which are generically referred to as
“borates”.

The oldest form of boron known to man is the mineral salt called tincal (sodium tetraborate decahydrate, or
simply sodium tetraborate). Other boron-containing minerals that occur naturally and are mined
commercially include colemanite (calcium borate), hydroboracite (calcium-magnesium borate), kernite
(another sodium borate), and ulexite (sodium-calcium borate). While boron is ubiquitous in the environment,
substantial deposits of borates are relatively rare. The main commercially active deposits are in Turkey and
the United States of America, with smaller deposits in Russia, China and South America.

The majority of boric acid is manufactured by reacting inorganic borate minerals with sulphuric acid in an
aqueous solution. Sodium borate minerals are the principle source in the US and calcium borates are the
principle source in Turkey. Sodium tetraborate pentahydrate and decahydrate are manufactured by dissolving
the sodium borate minerals in hot liquor and recrystallising. The anhydrous form is then produced from its
hydrated forms.

These manufacturing activities occur outside the EU-27 and manufactured products are imported for sale and
distribution within the EU.

Manufacturing, import and distribution of boric acid and sodium tetraborates is done by three companies: Eti
Mine Works, Rio Tinto Minerals and Societa Chimica Larderello. These three companies are responsible for
more than 95% of the EU boric acid and sodium tetraborates supply (EBA 2008a). Table 2.1 lists their
locations and activities.

Table 2.1: Locations and activities by the EBA members (EBA 2008a)

Company Location Activities

Eti Mine Works Antwerp, Belgium borate packing and distribution

Borax Espafia S.A. Nules, Spain borate packing and distribution

Borax Francais S.A.S. Coudekerque, France borate refinery and distribution, manufacture of other

borates, which are out of the scope of this RA
Borax Rotterdam N.V. Rotterdam, The Netherlands borate packing and distribution

Societa Chimica Larderello Ravenna, Italy borate refinery and distribution, manufacture of other
borates, which are out of the scope of this RA

Some further purification of boric acid and sodium tetraborates occurs in France and Italy to remove trace
levels of impurities. Either the boric acid or sodium tetraborate is dissolved in hot liquor, recrystallised,
dried and then packed for distribution and sale.

2.2 Uses

Boric acid and sodium tetraborates are used in several important industries in Europe, including the glass,
ceramics, detergents, wood treatment and insulation fiberglass industries and are used to produce other
borate compounds. Borates are particularly versatile, have a multitude of different properties and are used in
a variety of different products and processes. Boric acid and sodium tetraborates are also used in a range of
consumer products including cosmetic and personal care products. Moreover, borates are essential for all
plants.
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An anthropogenic source of boron in the environment that is not associated with any boric acid or borate
product is that associated with coal combustion products, such as fly ash and bottom ash. These materials
may be land-applied or land-filled and contain relatively high boron concentrations (several thousand mg/kg,
Schwab et al. 1991).

221 Detergents and cleaners

Different forms of borates are used to produce laundry detergents, household or industrial cleaners and
personal care products. In these applications, borates' serve to enhance stain removal and bleaching, stabilize
enzymes, provide alkaline buffering, soften water and boost surfactant performance. Because borates act as a
biostat, they also serve to control bacteria and fungi in personal care products.

Laundry detergents

Borates are used in a variety of household and industrial laundry detergent formulations. In powdered
detergent, they can be directly incorporated to boost cleaning power or added as sodium perborate for
bleaching action. They are also used in liquid detergents — enzymes for stain removal need to be stabilized in
liquids, and borates have proven effective for this.

Cleaning products

Borates or perborates are used in many household and industrial products for cleaning metals, glass, sinks,
bathtubs, toilets, floors and machinery. They can also be found in automatic dishwashing detergents and
powdered or liquid hand soaps.

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Product Uses Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
X
Soaps Powder hand
soap
Liquid/Laund X X
qwé -aundry Stabilizes
Detergents
Enzymes
X
Sodium
Bleach Perborate
Precursor
Cleaning Products X
Additive (e.g. hand
cleaners, polishes X X

waxes, and industrial
cleaning compounds)
2.2.2 Personal care products

Borates are used in many personal care products such as cosmetic creams, skin lotions, hair shampoos, dyes
and gels, eye drops, bath salts, and denture cleaners.
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Products Boric Acid
Cosmetics
Toiletries
Pharmaceuticals
2.2.3 Glass and glass fibres

Fiberglass

Borates are an important ingredient in both insulation fiberglass - which represents the largest single use of

Sodium Sodium
tetraborate tetraborate
decahydrate pentahydrate
(10 mol) (5 mol)

X

Lotions, creams
& ointments

X
X

Sodium
tetraborate
anhydrous

borates worldwide - and textile fiberglass, used in everything from circuit boards to surfboards.
In both products, borates act as a powerful flux and lower glass batch melting temperatures.

They also control the relationship between temperature, viscosity and surface tension to create optimal glass
fiberization. Insulation fiberglass works by trapping air within its mesh of fibers to prevent heat loss. Borates

in the glass fibers also absorb more infrared radiation, adding to their insulation performance.

Glass

Borosilicate glass is used in all heat-resistant glass applications ranging from halogen lightbulbs and Pyrex®

cookware to cathode-ray tubes and liquid crystal displays.

Function of borates in glass:

= to lower melt temperatures and inhibit devitrification in the glassmaking process,

= to increase the mechanical strength, as well as resistance to thermal shock, chemicals and water in

the final product.

Products Boric Acid

Insulation & Textile
Fiber Glass

Borosilicate Glass

Refractories

2.2.4 Ceramics

Sodium Sodium
tetraborate tetraborate
decahydrate pentahydrate

(10 mol) (5 mol)

X

X

X
Used as
stabilizer &
bonding agent
that gives
intermediate-
temperature
glassy bond.
Frequently
volatilizes from
system.

Borates are used in ceramic glazes and increasingly also in ceramic tile bodies.

Glazes and enamels are the thin, glassy coatings fused onto ceramics and metals in tiles, tableware, bone
china, porcelain, pots and pans, and household appliances. Borates are used to initiate glass formation and
reduce glass viscosity, helping to form a smooth surface; and to reduce thermal expansion, facilitating a good

Sodium

tetraborate

anhydrous
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fit between the glaze or enamel and the item it covers. Borates in glazes and enamels also increase the
refractive index, or lustre; enhance durability and resistance to chemicals; and help dissolve colouring agents
The inclusion of borates in manufacturer’s formulation allows them to use a wider range of clays, heighten
productivity and decrease energy usage.

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Glaze & Enamel X X X
Frits X X
2.2.5 Metallurgy

Borates are used in the production of steel and non-ferrous metals, alloys, rare earth magnets, amorphous
metals, welding fluxes and plating compounds.

In steel and non-ferrous metal production, the borate acts as a flux during the smelting operation, dissolving
metallic oxide impurities that are then removed with the slag. Borates are also used as a cover flux to protect
metals against air oxidation which is a key functional requirement of a brazing/welding/soldering flux. In
addition the detergency properties of borates help to remove oxides, grease and other foreign matter from the
metal surfaces. In electroplating nickel, boric acid is used as a pH-buffer and prevents nickel deposits
cracking and pitting.

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Steel & non-ferrous X
metal production (Flux | Prevents oxidation X X X
agent) of metal surfaces
Welding, brazing &
. X
soldering fluxes
Plating X
2.2.6 Industrial fluids

Borates are used in the manufacturing of industrial fluids such as antifreezes, lubricants, brake fluids,
metalworking fluids, water treatment chemicals and fuel additives. Boric acid and sodium tetraborates are
used in these applications to impart corrosion inhibition and buffering, for example in antifreeze,
metalworking fluids and water treatment chemicals meaning that equipment, or the fluids themselves have a
longer service life. In brake fluids the presence of a borate prevents vapour-lock by elevating the boiling
point.
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Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Metal working fluids X X
Anti-freeze (engine
coolant)
X X
. Also used in dry Also used in
Lubricants X powdered dry powdered
lubricants lubricants
Brake fluids
Water treatment X X X
chemicals
Fuel additives X
2.2.7 Adhesives

Starch is a natural polymeric product and is found in almost every plant. Today, the principal sources of most
commercial starches are maize, potato, tapioca and wheat. Borates are added to increase the viscosity, for a
quicker tack and for better fluid properties.

Sodium Sodium Sodium
) . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Starch Adhesive
Formulation
(corrugated Paper & X X X
Paperboard)
Casein and dextrin
based adhesive X X X
2.2.8 Flame retardants

Boric acid and sodium tetraborates are used as flame retardants in a range of applications illustrated in the
table below. Borates suppress a fire by melting and covering the flammable substrate in a layer of char,
excluding oxygen from the flame.

Cellulose, the basis of wood, cotton, and most other plant-derived raw materials, is in widespread industrial
use but is inherently flammable in many of its forms. The use of borates in cellulose materials imparts flame
retardancy, enabling them to meet safety standards and regulations.

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Wood products X
Cellulose Insulation X X X X
Cotton batting in X
mattresses/futons
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Fabrics X
Paper X

2.2.9 Biocides

Borate treatment for wood is used as a protection against wood destroying organisms. There are several types
of borate wood preservatives used to treat solid wood, engineered wood composites and other interior
building products like studs, plywood, joists and rafters.

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Wood preservative X X X
Non-professional
remedial products X X
Professional remedial X x
products
2.2.10 Agriculture

Boron is an essential micronutrient for plants, vital to their growth and development. Without sufficient
boron, plant fertilization, seeding and fruiting are not possible. In areas of acute deficiency, borates can
increase crop yields by 30 to 40 percent. Boron applications have been documented for 132 crops in over 80
countries (Shorrocks, 1997).

Sodium Sodium Sodium
. . tetraborate tetraborate tetraborate
Products Boric Acid decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Fertilizer X X X
2.2.11 Other Uses

Some of the more minor uses of boric acid and sodium tetraborates are listed in the table below.

Boric acid and sodium tetraborates are used as reagent chemicals for the manufacture of other boron
substances not included in this risk assessment. These include disodium octaborate, sodium pentaborate, zinc
borates, potassium borates, boron carbide, boron nitride and boron hydrides.

Boric acid is also used during the manufacturing of nylon to control the stereochemistry of the intermediates
formed through the oxidation of cyclohexane.

In nuclear applications, boric acid is used to absorb neutrons in the cooling water and in the cement used for
reactor containment.

Sodium tetraborate pentahydrate can be used as a cement setting agent.

The functionality as a pH buffer means that borates are used in leathering tanning (the deliming process) and
in photographic chemicals.

In wallboard, the boric acid is mixed with the gypsum to prevent the gypsum being over-dried during
manufacture of the board.

In abrasives sodium tetraborate anhydrous is used as an ingredient in the matrix binder of grinding wheels.
Since the terrorist attacks on 11 September 2001, boric acid has been used in paints used as thermal
insulators on steel structures.
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Sodium Sodium Sodium

Products Boric Acid tetraborate tetraborate tetraborate
decahydrate pentahydrate anhydrous
(10 mol) (5 mol)
Abrasives X
Wallboard (plasterboard) X
Nuclear applications X
Cement X X
Leather tanning X X X
Nylon man}lfacturing, X
paint
Photographic chemicals X X
Reagent chemicals X X X
2.3 Manufacturing, import and use volumes
2.3.1 All borate compounds

Division of boric acid and sodium tetraborate by end use application (provisional)

Flame retardancy
Wood preservation 3% Other
1%

Chemical synthesis
(borohydrides, carbides &
nitrites)

3%

Agriculture

Metallurgy
2%

1%

Cleaning (including detergent &
perborate)
26%

Industrial fluids
3%

Glass (including IFG, TFG & Frit & ceramics
borosilicate) 19%
37%

Fig. 2.1.: Division of boric acid and sodium tetraborates by end use application (provisional year 2005 data)

Fig 2.1 shows that the major use sectors are the glass manufacturing sector (37%) (IFG, TFG and
borosilicate glass), the frits and ceramics sector (19%) and the cleaning sector (26%) (detergents and
perborates). These three sectors represent 83% of the total EU use volume for borates. Other smaller uses
identified are manufacturing of industrial fluids, chemical synthesis, flame retardancy, application in

agriculture, wood preservation, metallurgy and other.

However, recent information on market trends in the past few years has shown that the overall demand for
borates has declined in Europe over the past 5 years as a result of the demand for the largest end-use
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decreasing (sodium perborate, which is used as bleach in detergents). Stripping this factor out, borate
demand has increased in most application areas, particularly agriculture and vitreous applications.

A revision of the use volumes for all borate substances (boric acid, disodium tetraborate decahydrate,
disodium tetraborate pentahydrate and disodium tetraborate anhydrous) has been performed recently by
EBA. The results are presented in Fig 2.2.

m Cleaners and cosmetics

o Detergency

0 3%
2% 50 9% ° 16%

2%

O Flame Retardancy
3%
@ Glass and ceramics

@ Industrial fluids

| Metallurgy

60% o Biological (agriculture, wood

preservation)
| Various chemical effects

Fig. 2.2: Division of boric acid and sodium tetraborates (sodium tetraborate anhydrous, sodium tetraborate pentahydrate,
sodium tetraborate decahydrate) by end use application (year 2007 data) (EBA, 2008a)

Fig 2.2 shows that the major use sectors for boric acid and sodium tetraborates are glass and ceramics
(60.1%) (insulation fibreglass, ceramic applications, borosilicate glass and textile fibreglass), detergency
(16.2%) (use of perborate) and ‘various chemical effects’ (9.5%) (miscellaneous applications mainly, not
further specified). These three sectors represent nearly 86% of the total EU use volume for borates. Other
sectors are biological applications (4.8%) (agricultural use (fertiliser) and wood preservation), flame
retardancy (3.1%) (mainly cellulose insulation), cleaners and cosmetics (2.7%) (liquid detergents mainly),
industrial fluids (1.9%) (major part metal working fluids) and metallurgy (1.7%) (metal heat treatment and
miscellaneous metallurgy).

Comparing these data with the graph for the year 2005 shows that, according to the trend described above,
the use of perborate in detergency is indeed reduced from 26% to 16% (19% if cleaning and cosmetics is
included). The percentage for glass and ceramics of 56% for the year 2005 is slightly higher in 2007, i.e.
60%. Further, it can be noted that the agricultural use is increased from 3% to 5%. For the remaining uses,
only small changes are noted in metallurgy and industrial fluids uses; the relative application in flame
retardancy remained constant.

Please note that the reported uses reflect the use of boric acid and all sodium tetraborates but also perborate.

The relative part of each substance is shown in the table below (EBA, 2008a; data for year 2007). From this
table, it is clear that the decahydrate form is only 4.6% of the total use volume of all sodium tetraborates. The
largest part is the pentahydrate form, representing 89.6% of the total use volume. The anhydrous form
represents 5.8% of the total tetraborate volume. Taking the total tonnage of all borates (boric acid and
sodium tetraborates) the use volume of anhydrous and the decahydrate form is about 8% (expressed as
B,0;). It is therefore expected that, in general, the volume of sodium tetraborate anhydrous or borax
decahydrate used by a local site will be lower than that for boric acid. The pentahydrate use volume is more
than twofold the boric acid use volume (as B,0;); hence the largest borate volumes used by a local site
following the TGD (2003) default method will be for the pentahydrate form.
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Table 2.2: Overview of EU use volumes for boric acid and sodium tetraborate decahydrate, sodium tetraborate pentahydrate
and sodium tetraborate anhydrous (as B,0s) (year 2007) (EBA, 2008a)

122?::;2)01?1 Relative part in total|Relative part in
Substance T substance T (B,03) T (B,O3) |sodium tetraborates |total all borates
substance to (%) (%)
B203 0 ()
Boric acid 119,875 0.563 67,490 29
Sedium tetraborate 12,151 0.69 8,384 5.0% 4
anhydrous
Sodium tetraborate | 35 33 0.49 149,907 | 166,346 90.1%
pentahydrate
Sodium tetraborate 22,069 0365 8,055 4.9%
decahydrate
Total 233,836

An overview of the distribution of the tonnage for all user sectors is presented in table 2.3. Next to the use

volumes for the major sectors; the use tonnage of the main subsectors is identified.

Table 2.3: End use volumes for all borate substances (boric acid, disodium tetraborate decahydrate, disodium tetraborate

pentahydrate, disodium tetraborate anhydrous) (as B,O;) (EBA, 2008a)

Tonnage (2007)

Use sector (T B,O) % of use
Glass and ceramics 140,600 60.1%
=  Borosilicate glass (25% of total glass)
=  Ceramic applications (32% of total glass)
= IFG (36% of total glass)
= TFG (7% of total glass)
0,
Detergency 37,946 (pelr?).grgte)
Cleaning and cosmetics 6,266 2.7%
=  Liquid detergents (90% of cleaning)
=  Laundry additives_, swimming pool (10% of cleaning)
chemicals
Flame retardancy 7,137 3.1%
= Cellulose insulation (79% of flame retardancy)
= Hardboard, paper, miscellaneous (flame (21% of flame retardancy)
retardancy
Industrial fluids 4,492 1.9%
= Metal working fluids (57% of industrial fluids)
= Antifreeze, brake fluids, motor oil (43% of industrial fluids)
Metallurgy 4,004 1.7%
Metal heat t(r;ittr:ﬁm’,g?;scelIaneous (73% of metallurgy)
e Brazing fluxes, Electrolytic Capacitors,
Electroplating, Ferroboron, Metal (27% of metallurgy)
Refining (Smelting), Wire Drawing
Biological effects 11,256 4.8%
= Agriculture (fertiliser) (79% of biological)
=  Wood preservation (21% of biological)
Various chemical effects 22,134 9.5%
= Miscellaneous (various) (62% of various chemical)
= Abrasives (9% of various chemical)
=  Wallboard (5% of various chemical)
= Starch adhesives (5% of various chemical)
=  Nuclear applications (5% of various chemical)
= Cement, leather tanning, nylon
manufacturing, paint, photographic (13% of various chemical)
chemicals, reagent chemicals, refractories
Total 233,836
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2.3.2 Boric acid, sodium tetraborate anhydrous, sodium tetraborate pentahydrate and sodium
tetraborate decahydrate

The emission and exposure estimations have been made for boric acid and sodium tetraborate compounds
(sodium tetraborate anhydrous, sodium tetraborate pentahydrate and sodium tetraborate decahydrate). An
overview of applications for each of the substances is presented in table 2.4. End use volumes for all borate
substances (as B,0;) are reported in 2.3. These data will be used as a basis for the derivation of the

environmental exposure assessment.

Table 2.4: Overview of applications for boric acid and sodium tetraborate substances

Sodium tetraborate Sodium Sodium
Boric Acid decahydrate tetraborate tetraborate
(10 mol) pentahydrate anhydrous
(5 mol)
Glass and glass fibres
Insulation & Textile Fiber X X
Glass
Borosilicate Glass X X X
X
Used as stabilizer &
Refractories X .bonding ggent that gives X
intermediate-temperature
glassy bond. Frequently
volatilizes from system.
Ceramics
Glaze & Enamel X X X
Frits X X
Detergents and cleaners
Soaps X
Powder hand soap
X X
Liquid/Laundry Detergents Stabilizes
Enzymes
X
Bleach Sodium Perborate
Precursor
Cleaning products X
Additive (e.g. hand
cleaners, polishes waxes,
. . . X X
and industrial cleaning
compounds)
Personal care products
X
Cosmetics X Lotions, creams &
ointments
Toiletries X X
Pharmaceuticals X X
Industrial fluids
Metal working fluids X X
Anti-freeze (engine
coolant)
X X
Lubricants X Also used in dry Also used in dry
powdered lubricants powFl ered
lubricants
Brake fluids
Water treatment chemicals X X X
Fuel additives X
Metallurgy
Steel & non-ferrous metal X X X X
production (Flux agent) Prevents oxidation of
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Sodium Sodium
tetraborate tetraborate
pentahydrate anhydrous
(5 mol)

Sodium tetraborate
Boric Acid decahydrate
(10 mol)

metal surfaces

Welding, brazing & X
soldering fluxes

Plating X

Adhesives

Starch Adhesive
Formulation (corrugated X X X
Paper & Paperboard)

Casein and dextrin based
adhesive

>
=
>

Flame retardants

Wood products

Cellulose Insulation

Cotton batting in
mattresses/futons

Fabrics

X R[]

Paper

Biocides

=
=
=

Wood preservative

Non-professional remedial
products

>
=

Professional remedial
products

Agriculture

>
>
>

Fertilizer

Others
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Figure 2.3: Division of boric acid by end use application (year 2007 data, confidential data) (EBA, 2008a)

Fig 2.3 shows that the major use sectors for boric acid are glass and ceramics (48%) (ceramic applications,
Textile Fibre Glass, borosilicate glass) and the sector ‘various chemical effects’ (21%). Other important
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sectors are cleaners and cosmetics (9%) (liquid detergents mainly), flame retardancy (7%) and biological
applications (7%) (agriculture (fertiliser) and wood preservation). Smaller quantities of boric acid (4% of
total use each) are used in the industrial fluids and metallurgy sector.

End use of borax (%) @ Cleaners and cosmetics

O Detergency

4% 5% 0%

O Flame Retardancy
1% @ Glass and ceramics

B Industrial fluids

B Metallurgy

O Biological (agriculture, wood
preservation)

@ Various chemical effects

65%

Fig. 2.4: Division of sodium tetraborates (anhydrous, pentahydrate, decahydrate) by end use application (year 2007 data,
confidential data) (EBA, 2008a)

Fig 2.4 shows that the major use sectors for sodium tetraborates are glass and ceramics (65%) (Insulation
FibreGlass, borosilicate glass, ceramic applications) and detergency (23%) (perborate). Sodium tetraborates
are further used in the sector ‘various chemical effects’ (5%), biological applications (4%) (agriculture
(fertiliser) and wood preservation), flame retardancy (1%), industrial fluids (1%) and metallurgy (1%).

For the purpose of exposure modelling, tonnage data as summarised in Fig 2.8 will be used. This table
summarises the use volumes (expressed as B,0;) for different use sectors of boric acid, disodium tetraborate
anhydrous, disodium tetraborate pentahydrate and disodium tetraborate decahydrate. Expressing all tonnages
as B,0s, exposure scenarios can be developed for boric acid, sodium tetraborate compounds as well as
combined uses of different compounds . This coincides with reality, since from questionnaire information it
became clear that, in general, boric acid and sodium tetraborates are produced or used at the same site
(Industry questionnaires; EBA, 2008b).

24 Uses advised against by the registrants

Section not relevant for this dossier

2.5 Description of targeting

Section not relevant for this dossier
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3 CLASSIFICATION AND LABELLING

3.1 Classification in Annex I of Directive 67/548/EEC

Boric acid and the disodium tetraborates have been classified as Toxic to Reproduction, Category 2 as part of
the 30™ adaptation to technical progress of Directive 67/548/EEC (Commission directive 2008/58/EC, OJ L
246, 15.09.2008, p. 137).

Table 3.1: Harmonized classification according to 67/548/EEC

Index No Chemical Name Classification Concentration Limits
005-007-00-2 Boric acid Repr. Cat 2; R60-61 * C>5.5%: T; R60-61
005-011-00-4 Disodium tetraborate Repr. Cat 2; R60-61 * C > 4.5%: T; R60-61

anhydrous
005-011-01-1 Disodium tetraborate Repr. Cat 2; R60-61 * C > 8.5%: T; R60-61
decahydrate
005-011-02-9 Disodium tetraborate Repr. Cat 2; R60-61 * C > 6.5%: T; R60-61
pentahydrate

* GHS: Category 1B, H360: May damage fertility or the unborn child
3.2 Classification in classification and labelling inventory/Industry’s self
classification(s) and labelling

Disodium tetraborate anhydrous, pentahydrate and decahydrate meet the criteria in Annex VI of Directive
67/548/EEC to self classify as eye irritants.

Table 3.2:Self-classification according to 67/548/EEC

Chemical Name Classification
Disodium tetraborate anhydrous Xi; R36
Disodium tetraborate decahydrate Xi; R36
Disodium tetraborate pentahydrate Xi; R36

* GHS: Category 2 Irritating to eyes, H319: Causes serious eye irritation
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4 ENVIRONMENTAL FATE PROPERTIES

Boron represents an essential plant micronutrient with an average total concentration of 10 mg/kg in the
earth’s crust (Adriano, 2001). Dissolution of B-bearing minerals (e.g. tourmaline, muscovite), irrigation
waters, fertilizers, atmospheric deposition of emitted B (e.g. coal fly ash) as well as the soils’ buffer capacity,
affect the B concentration in soil. The natural level of B in soils largely depends upon the soil parent
material. In general, soils derived from igneous rocks and those of tropical and semitropical regions of the
world are considerably lower in B content compared with soils derived from sedimentary rocks and those of
arid and semiarid regions. The content of total B in the latter group may range up to 200 mg/kg, particularly
in alkaline, calcareous soils, while that for the former group is usually lower than 10 mg/kg (Swaine, 1955,
cited in Adriano, 2001).

It is estimated that 2 x 10° kg/year of boron is released into the environment through natural events such as
generation of seawater aerosols, biomass burning, rock weathering, and volcanism (Park and Schlesinger,
2002). Boron mining for all uses is estimated to be about 3 to 4 x 10® kg/yr (Argust, 1998). The amount of
boron mined (3 to 4 x 10® kg/yr), which amount is similar to to the amount emitted by volcanoes into the
atmosphere (about 3 x 10® kg/yr, Argust, 1998).

Most anthropogenic boron (excluding coal-related materials) in Europe originates from mines in Turkey and
California. Ratios of the boron isotopes ''B and '°B provide a tool to distinguish locally-derived boron from
anthropogenic boron, although this has not been widely done (Vengosh et al., 1994; Chatelet and Gaillardet,
2005). "B separates preferentially into dissolved boron (i.e. boric acid), whereas "B is preferentially
incorporated into solid phase (Vengosh et al., 1994). The boron-11 isotope enrichment value (identified as
3''B) ranges from about 39%oin seawater, to about 0%o in average continentual crust, to -0.9 to +10.2%o in
sodium borate minerals from Turkey and California (Vengosh et al., 1994). The ratio has been used to
identify anthropogenic boron fractions in surface waters (Chatelet and Gaillardet, 2005) and groundwaters
(Vengosh et al., 1994, Kloppmann et al, 2005).

4.1 Degradation

41.1  Stability

Borax decahydrate and inorganic borates (e.g., boric acid, sodium tetraborates) are soluble in water.. The
chemical species present in solution depend on concentration and pH.

Only two soluble B species in ordinary soils can be expected (Adriano, 2001). The nonionized species,
[B(OH);], is the predominant species expected in soil solution. Boric acid, [B(OH);], is a very weak,
monobasic acid that acts as a Lewis acid by accepting a hydroxyl ion to form the borate anion, [B(OH)4]". At
pH greater than 9.2, [B(OH),] becomes predominant.

B(OH); + 2H,0 <> [B(OH),] + H;0" pK,=9.2
In the pH range of 7 to 11, both species can be found.

With higher boron concentrations (B > 0.025 M) and increasing pH also polymeric B forms can precipitate,
which are commonly very rare and unstable in soils. Therefore, boric acid and borate ions are the
predominant B-forms in the natural soil system (Power and Woods, 1997; de Vette et al., 2001).

Boron as a natural element is not degradable. However, boron and its inorganic compounds are subject to
chemical transformation processes (adsorption, complexation, precipitation,fixation) once released to the
environment. One consequence of the transformation is that the mobility/bioavailability and the potential for
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toxicity, induced by the borate species, is changed and in many cases reduced or even removed over time.
Thus, these natural processes achieve a similar result as is sought in the demonstration of biotic and abiotic
degradation of synthetic organic chemicals.

Hydrolysis

Boric acid is an inorganic compound and does not have any chemical bonds prone to hydrolysis. Hydrolysis
is therefore not a relevant degradation pathway under environmentally relevant conditions.

Photolysis in water

Boric acid is an inorganic compound without any light absorption characteristics in dilute solutions. It is
therefore unlikely that the concentration of boric acid in water is influenced by light. Boric acid is therefore
considered to be resistant to photochemical degradation.

Biodegradation

Boric acid is an inorganic substance and therefore biodegradation is not a relevant pathway. Methods used to
determine persistence of organic chemicals are measures of the production of CO,, uptake of O,, or reduction
in dissolved or total organic carbon. Such methods are clearly not applicable to inorganic substances.
Persistence/degradability has therefore limited or no meaning for inorganic substances according to the
Organization for Economic Cooperation and Development (OECD, 2001). Rather the substance may be
transformed by normal environmental processes to either increase or decrease the availability of toxic
species.

4.1.1.1 Biodegradation estimation

Not relevant

4.1.1.2 Screening tests

Not relevant

4.1.1.3 Simulation tests

Not relevant

4.1.2 Summary

Boric acid is an inorganic compound and not degradable, this is not subject to hydrolysis, photodegradation
or biodegradation. Other borates yield boric acid upon dissolution in water (or borate anion in higher pH
conditions). Over 200 minerals contain boron, mostly present as the sodium or calcium borate salt. Boron
and its inorganic compounds are subject to chemical transformation processes (adsorption, complexation,
precipitation, and fixation) once released to the environment.
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Methods used to determine persistence of organic chemicals are measures of the production of CO2, uptake
of 02, or reduction in dissolved or total organic carbon. Such methods are clearly not applicable to inorganic
substances. Persistence/degradability has therefore limited or no meaning for inorganic substances according
to the Organization for Economic Cooperation and Development (OECD, 2001). Rather the substance may
be transformed by normal environmental processes to either increase or decrease the availability of toxic
species.

4.2 Environmental distribution

The most important parameters determining the distribution of boric acid in the aquatic and soil compartment
are its water solubility and its adsorption onto solid surfaces. Borates may enter the food-chain via plant
consumption (as well as drinking water), which consequently increase B-concentrations in waste waters.

Sorption behaviour of boron in soils and sediments

Adsorption/desorption data are useful to gain information on the bioavailability, leaching potential and
distribution of contaminants in soil and sediments.

The sorption and desorption behaviour of organic and inorganic pollutants in soil can be estimated by batch
sorption experiments following a standard protocols (e.g. OECD guideline 106, 2000). In such experiments
the solid matrix is equilibrated for 24 hours with an aqueous solution containing various concentrations of a
test substance. Sorption isotherms are obtained when the sorbed amounts of the test substance are plotted
against the test substance concentration in the equilibrium solutions. These sorption/desorption isotherms
provide useful information about the retention capacity of a solid phase and the strength by which the sorbate
is bound to this solid phase. However, no further information on sorption mechanisms (i.e. chemical
bonding, physical bonding, absorption, precipitation) can be gained from such experiments.

The following plausible mechanisms are responsible for the chemical interactions of B with soil constituents:
anion exchange, precipitation of insoluble borates with sesquioxides, sorption of borate ions or molecular
boric acid, formation of organic complexes, and fixation B in clay lattice (e.g. Goldberg, 1997; Adriano,
2001). Major sorption sites for B in soils are: (1) Fe-, Mn-, and Al-hydroxy compounds present as coatings
on or associated with clay minerals, (2) Fe-, Mn-, and Al-oxides in soils, (3) clay minerals, especially the
micaceous type, (4) the edges of aluminosilicate minerals and (5) organic matter (Goldberg, 1997; Adriano,
2001).

Keren and Bingham (1985) reported that the B(OH),™ concentration and the amount of adsorbed B increased
rapidly when the pH is increased to about 9. Maximum retention was reported at alkaline pH levels of up to
9.5 when boron is mainly present as the borate ion (WHO, 1998; Blume et al., 1980).

Boron was reported to react more strongly with clay than sandy soils (Keren and Bingham, 1985). The rate
of B adsorption on clay minerals is likely to consist of a continuum of fast adsorption reactions and slow
fixation reactions. Short-term experiments have shown that B adsorption reaches an apparent equilibrium in
less than one day (Hingston, 1964; Kerenet al., 1981). Long-term experiments showed that fixation of B
continued even after six months of reaction time (Jasmund and Lindner, 1973). The magnitude of B
adsorption onto clay minerals is affected by the exchangeable cation. Calcium-rich clays adsorb more B than
sodium and potassium clays (Keren and Gast, 1981; Keren and O'Connor, 1982; Mattigod et al., 1985).A
higher organic matter content increases the B-retention capacity of soil (Yermiyahu et al., 2001). Sorbed B
amounts and B retention maxima have been significantly correlated with organic carbon content (Gupta,
1968).
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Microbial action can remobilize organic-bound B (Banerji 1969, Su & Suarez 1995, Evans & Sparks 198, as
reviewed by Robinson et al. 2007). Boron sorption can vary from being fully reversible to irreversible,
depending on the soil type and environmental conditions (Elrashidi & O’Conner, 1982, IPCS, 1998).

Derivation of a representative partitioning coefficient is used as a screening approach to evaluate risk to soil
and aquatic organisms (Guidance in IR and CSA, Chapter R.7.a). The partitioning coefficient is used with a
soil or sediment concentration value to roughly estimate -the mobility of substances in soil and sediment and
to evaluate the leaching potential to groundwater -the concentration of a substance in the soil solution. When
the substance concentration in the soil solution exceeds toxicity criteria, some risk to the soil or sediment
organisms is indicated.

Partition coefficient of B for soils

Boron adsorption on soils and soil minerals has been described by many researchers using a number of soils
and models. Some studies were conducted according to the OECD guideline and are presented below. Soil
descriptions and constants of the Freundlich isotherms (K¢, 1/n) are listed in table 4.1.

A study on 4 soils of different composition collected in the Netherlands was performed by DeVette et al.
(2000). The selected soils were considered to reflect the variability of European soils. The highest B mobility
was found in the soil with the lowest soil pH (pH=5.5), whereas no further B-sorption trend was observed
within the studied soils.

Elrashidi and O’Connor (1982) studied 10 New Mexico (US) soils described as silt loam, sandy loam (3),
loamy sand, sand (3), clay, and clay loam. The Freundlich constant K¢ were then modelled by regression
techniques with selected soil properties. Iron oxide, organic carbon and specific surface area were reported to
predict 98% of the variation of the Ky values. K¢ was significantly correlated with clay, organic carbon
content (OC), Cation Exchange Capacity (CEC), specific surface area and conductivity of the equilibrium
solution when applying simple regression. In evaluating desorption, Elrashidi and O’Conner reported that
boron sorption was reversible in four soils, but not reversible in six soils.

Buchter et al. (1989) reported results for 11 soils and 15 elements. They showed that boron is relatively
mobile in soil when compared to cationic metals. For instance, the sorption of Zn was two to more than 10
times greater than for boric acid in the soils of different composition.The study showed that pH is the most
important soil property that affects K¢ and n.The amounts of amorphous iron oxides, aluminium oxides, and
amorphous material in soils influenced both cation and anion retention parameters. Singh (1971) showed that
B sorption increased with increasing temperature in three Indian soils. Datta and Bhadoria (1999)
investigated 25 Indian soils and identified Fe,Os, clay and OC-content, pH and CEC as the significant soil
properties affecting boron retention.

Table 4.1: Sorption of boron to soils

OC Clay CEC Soil:solution Concentration Kg

Soil type® pH ratio range* 1/n Reference
[%] [%] [mmol/kg] [g:mL] [mg B/L] [L/kg]
Sandy loam 7.7 09 15 107 1:10 1-50 0.708 0.659 deVette et al. 2000
Low humic sand 7.4 04 2 2.0 1:10 1-50 3946 0.685
Loam 7.8 09 26 134 1:10 1-50 1.93 0.802
Humic sand 55 14 3 9.8 1:10 1-50 0.749  0.542
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OC Clay CEC Soil:solution Concentration Kpg
Soil type® pH ratio range* 1/n Reference

[%] [%] [mmol/kg] [g:mL] [mg B/L] [L/kg]

Silt loam 6.02° 1.00 25.0 162 1:1 0-100 1.93 0.644  Elrashidi and O'Connor, 1982

Sandy loam 6.02° 045 10.0 55 1:1 0-100 0.409  0.666

Loamy sand 7.03° 017 34 16 1:1 0-100 0.087 0.935

Sand 8.00° 002 50 62 1:1 0-100 0.125  0.947

Sand 7.89° 004 7.7 81 1:1 0-100 0421 1.19

Sand 7.82° 004 56 78 1:1 0-100 0.162 0.843

Clay 7.57° 097 57.0 352 1:1 0-100 399 0572

Clay loam 7.54° 110 273 185 1:1 0-100 333 0.623

Sandy loam 7.62° 057 145 141 1:1 0-100 2.53 0.618

Sandy loam 7.42° 043 137 140 1:1 0-100 2.16  0.645

Clay 4.8° 1.54 54.7 302 1:10 0.01 - 100 1.49  0.363 Buchteretal., 1989

Sandy loam 8.5¢ 0.44 10.7 147 1:10 0.01 - 100 0.851 0.787

Loamy sand 5.9¢ 6.62 09 225 1:10 0.01 - 100 8.41 0.891

Clay loam 6.0° 1.67 28.2 110 1:10 0.01 -100 1.39  0.518

Loam 7.6° 439 239 481 1:10 0.01 -100 1.60  0.641

Sandy loam® 7.8 1.56 14.5 1:1 5-200 4.21 0.735 Singh, 1971

Sandy loam" 7.8 1.56 14.5 1:1 5-200 480  0.731

Loam® 7.8 0.195 27.6 1:1 5-200 1.63 0.924

Loam® 7.8 0.195 27.6 1:1 5-200 1.85 0.955

Loamy sand® 8.2 0.154 8.5 1:1 5-200 0.571 0.903

Loamy sand’ 8.2 0.154 8.5 1:1 5-200 1.44 0921

Sand 6.27 0.13 4 7.9 1:1 2-100 0.218 0.701 Datta and Bhadoria, 1999¢

Sandy loam 6.04 021 16 18.0 1:1 2-100 0.229 0.756

Loamy sand 5.90 0.17 12 364 1:1 2-100 0.212  0.760

Clay loam 5.80 070 36 935 1:1 2-100 2.826 0.570

Loam 5.14 073 24 639 1:1 2-100 1.538 0.594

Loam 4.99 0.78 20 97.6 1:1 2-100 1.610 0.597

Loam 6.38 032 20 527 1:1 2-100 1.509 0.589

Silt loam 5.51 0.57 24 95.6 1:1 2-100 1.799  0.620

Clay loam 6.26 037 36 322 1:1 2-100 1.359  0.579

Loam 6.11 027 24 822 1:1 2-100 2.564  0.546

Loam 6.03 053 20 114 1:1 2-100 1.359  0.653

Sandy loam 5.50 028 16 425 1:1 2-100 0.460 0.657

Sandy loam 5.68 043 8 32.0 1:1 2-100 0.780 0.613

Sandy loam 5.54 022 20 374 1:1 2-100 0.400 0.726

Sandy loam 5.63 032 12 349 1:1 2-100 0.686 0.588

Sandy loam 5.42 0.30 20 50.6 1:1 2-100 0.576  0.658

Sandy loam 5.13 0.30 12 937 1:1 2-100 0.439 0.734
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OC Clay CEC Soil:solution Concentration Kpg

Soil type® pH ratio range* 1/n Reference
[%] [%] [mmol/kg] [g:mL] [mg B/L] [L/kg]
Sandy loam 6.06 029 20 564 1:1 2-100 1.940 0.615
Sandy clay loam 5.97 053 24 107 1:1 2-100 1.138  0.675
Clay loam 5.86 048 40 144 1:1 2-100 3.005 0.585
Clay 5.80 0.49 44 199 1:1 2-100 2.891 0.621
Sandy clay loam 5.30 053 32 878 1:1 2-100 1.581 0.620
Clay 5.68 054 44 176 1:1 2-100 3.283 0.539
Clay loam 5.90 0.69 40 156 1:1 2-100 2.810 0.602
Clay loam 5.50 056 36 115 1:1 2-100 2.949  0.569

a: USDA classification;

b: 1:1 s0il/0.01 M CaCl,;

c: 1:1 soil/water;

d: number of concentrations not reported in Elrashidi and O'Connor (1982), but > 5 according to figures; 10 concentrations used in
Buchter et al. (1989), 6 in Singh (1971) and 8 in Datta and Bhadoria (1999);

e: 22 °C;

f: 45 °C;

g: article gives ranges of Ky and 1/n, raw data provided by author

Table 4.1 shows that levels of B-sorption are relatively low (Kg values ranged between below the detection
limit to 8.4 L/kg) indicating a low retention capacity of soil for B. In all cases, the value of 1/n was below 1,
indicating the sorption was non-linear. 1/n values revealed a strong decrease of sorbed B with increasing
amounts of B added to the soils, which can be explained by the saturation of specific sorption sites for B (e.g.
Fe-oxides, Al-oxides).

Correlations based on Freundlich isotherms and soil properties are empirical approaches and are applicable
only for the specific conditions under which they were developed. Use of empirical models beyond these
conditions could potentially lead to significant error and therefore such models must be used with
appropriate caution (Goldberg et al, 2007).

A robust approach to modelling adsorption based on mechanistic considerations has been developed by
Goldberg and colleagues, as she has described and tested a predictive model of boron adsorption (Goldberg,
1999, 2004, Goldberg & Glaubig 1986, Goldberg et al., 2000, 2004, 2005). The model is described as a
constant capacitance model (CCM) and predicts adsorbed B from easily measured soil properties (surface
area, organic carbon content (OC), inorganic carbon content (IOC), free Al oxide content). The soil
parameters are used to calculate three surface complexation constants, described as the B adsorption
constant, the protonation constant, and the dissociation constant. Initial studies described B adsorption on Al
and Fe oxides, clay minerals and soils (Goldberg and Glaubig, 1986). The approach was evaluated with 4
California soils (Goldberg 1999) using parameters developed as an average from a previous study, thus
testing its predictive ability. Subsequently, the model allowed prediction of B adsorption behavior (without
re-parameterizing the model constants) for 15 soils from the western US (California) (Goldberg et al. 2000)
and 22 Midwestern US soil samples (Oklahoma and lowa; Goldberg et al., 2004).

The parameters used in the CCM (especially IOC and free aluminum oxide content) were not tested for
European scenarios. Therefore, the ability to apply the CCM within the risk assessment framework is unclear
so far. It can be recommended, that industry considers making use of the CCM for the REACH dossier to
increase the relevance and accuracy of the environmental assessments.

Partition coefficient of B for sediments

Two recent studies reported partition coefficients for boron in the aquatic system. The reported values are
representative for the marine environment, but may give a first indication on the partitioning of boron in the
freshwater sediment environment. You et al. (1995) monitored the geochemical behavior of boron in
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sediment during early subduction zone processes and determined the Kp of exchangeable B under different
temperature, pH and pressure regimes.

Under physicochemical conditions that reflect typical conditions in surface waters (i.e. pressure of 1 bar;
25°C, pH of 6.1) a Kp value of 2.9 was observed. At a pH of 7.1 the Ky, increased up to 3.1. The values that
are reported by You et al. (1995) are in accordance with the Ky, values that were found by Palmer et al.
(1987). These authors noted that the Kp increased from 2.0 to 3.1 when pH increased from 7.4 to 8.1
(temperature: 5°C; pressure: 1 bar).

These values are within the range of Kp values found in the soil compartment.

You et al. (1996) performed a similar study with suspended solids, using pore waters. Under various
conditions of pH, temperature and pressure 68 Kp-values were reported. In general, Kp decreased with
reaction temperature, from ~3.5 at 25°C to essentially zero at temperature higher than 120°C. They also
found that pH exerts a dominant control on B partitioning. Kp dropped significantly with pH at constant
temperature, approximately 0.6 to 0.9 for every pH within the tested pH range (5.4 — 7.4). The observed
effect can be attributed to the effect of pH on borate speciation and surface characteristics (Bassett, 1976;
Palmer et al., 1987).

Based on their findings, You et al. (1996) derived two empirical equations for the estimation of a B-Kp:
Kp =-3.84 —0.020*T + 0.88*pH (r= 0.84) for pelagic clay rich sediments
Kp=-1.38 - 0.008*T + 0.59*pH (r= 0.81) for sediments that have experienced progressive metamorphism.

Table 4.2 summarizes the different sediment and suspended solids Kp values that have been identified from
open literature. No partition coefficient distribution was developed as an insufficient amount of data points
were available for either the sediment phase or the suspended solid phase.

Table 4.2: Overview of sediment and suspended solids Ky, values

Kp-value pH Reference

Sediment compartment

29L/kg 6.1 You et al, 1995
3.1 L/kg 7.1 You et al, 1995
2.0 L/kg 7.4 Palmer et al, 1987
3.1L/kg 8.1 Palmer et al, 1987

3.5 L/kg - You et al, 1996

Conclusion

For the risk characterization, a mean partition coefficients for B in soil and sediments needs to be estimated.
This is a simplification, as soil and sediments show a high heterogeneity, influenced by the properties of the
parent material, the state of pedogenesis, the vegetation cover and human activities. In general, the B
sorption capacity of soil and sediments is low and often soil sorption maxima can be found in literature.
According to the studies presented in this section, 1.5 mg/kg B was retained on average by the soil matrix
when the B concentration in the equilibrium was 1 mg/L. This value minor exceeds the B sorption in a soil
showing frequent properties of soil in Central Europe (pH 6.0, 1.7% orgnic carbon, 28% clay, 1.3 g Fe,03).
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The Freundlich isotherm for this soil is decribed by a K¢ value of 1.39 and a 1/n value of 0.518 (Buchter et
al., 1989).

The reliability of the partitioning coefficient data values is limited dueto the limited analytical precision used
in the studies. The variability in sorption behaviours (linear, non-linear) reveals different sorption capacities
for soils. . To compare the soil sorption capacities, the sorbed amount of B (mg/kg) is recommended when 1
mg/L of B is in the equilibrium solution (K¢ = Kp).

To avoid concerns about left-censored data, all values, including those less than 3 L/kg will be used to
estimate a representative Ky value for soil. Using all data, the average Ky value is 1.78 L/kg. The 50"
percentile value is 1.52 L/kg and this value is proposed.

The chemistry of B in soils and aquatic systems is very simple, as boron does not undergo oxidation-
reduction reactions or volatilization. Redox processes can mobilize Fe and Mn-oxides, which may lead to a
release of B in aquatic systems. Generally, sediments are chracterised with higher pH values than the soil
matrix, which increases the B sorption capacity. Therefore the average value of 2.78 L/kg is proposed as
tentative sorption value for boron in the sediment phase. The Ky, value of 3.5 L/kg (You e al, 1996) is put
forward as sorption value for the suspended solids phase.

The following B-sorption values (i.e. Kp or K) are proposed (if 1 mg/1 B is in solution):
Soil: 1.5 mg/kg
Sediment: 2. 8 mg/kg
Suspended solids: 3.5 mg/kg
Recommendations for further work
For its REACH registration dossier, Industry should consider:
-validation of the CCM model developed by Goldberg and colleagues for European soil conditions. Kinetcs
of sorption over time may be an additional aspect of such models and application of a validated model would
increase considerably the accuracy of the risk assessment.
-development of a more reliable B-sorption value or model for sediments

-development of a more reliable B-sorption value for suspended solids

4.2.1 Volatilisation

The vapour pressure for boric acid is extremely low so volatilization is expected to be minimal. The
exception is over the oceans, where evaporation of aerosols leads to small but measured quantities of boric
acid vapour in the marine atmosphere (see 7.3). The solubility of such materials means that they are re-
deposited into the oceans or as precipitation in coastal areas. Marine evaporation is estimated as 1.3 to 4.5 x
10° kg-boron per year globally (Argust, 1998, Park and Schlesinger, 2002).

4.2.2 Distribution modelling

No data available.
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4.3 Bioaccumulation

The WHO (1998) review of boron noted that highly water soluble materials are unlikely to bioaccumulate to
any significant degree and that borate species are all present essentially as undissociated and highly soluble
boric acid at neutral pH. The available data indicate that both experimental data and field observations
support the interpretation that borates are not significantly bioaccumulated

4.3.1 Aquatic bioaccumulation

4.3.1.1 Bioaccumulation estimation

For inorganic chemicals, estimates of bioaccumulation potential are not reliably predicted by octanol/water
partitioning data. Although boric acid has a low measured Pow value (log Pow = -1.09, Cordia, 2003a), the
result should not be considered an appropriate model system.

4.3.1.2 Measured bioaccumulation data

Laboratory data in oysters and salmon demonstrate low Bioconcentration Factors (BCF) for boron, although
the tests pre-date current protocols. Thompson et al. (1976) reported BCF values of 0.7 to 1.4 L/kg for
Pacific oysters (Crassostrea gigas) and showed that boron levels in tissue of sockeye salmon (Oncorhynchus
nerka) were not significantly different from test water concentrations. Tissue concentrations in the oyster
returned to background in 25 days. Hamilton and Wiedmeyer (1990) reported BCF < 0.1 in Chinook salmon
fed boron-supplemented diets for 60 to 90 days.

Suloway et al. (1983) reported a bioconcentration factor of 0.3 L/kg for fathead minnow (Pimephales
promelas) and green sunfish (Lepomis cyanella), when exposed to components of coal fly ash extract
containing boron at concentrations ranging from 1.23 to 91.7 mg/L.

Saiki et al. (1993) measured boron levels in aquatic food chains in the Lower San Joaquin River (California,
United States) and its tributaries. They observed the highest concentrations of boron in detritus and
filamentous algae, and lower concentrations in invertebrates and fish. Saiki et al did not calculate
accumulation factors and many of their analytical values were below their detection limits. Using only
measurements above detection limits, the average BCF for filamentous algae was 137 L/kg (standard
deviation of 224). Bioaccumulation factors (BAF) for plankton and invertebrates were less than 20 L/kg;
BAF for fish were < 5 L/kg. (Since these are field data, the body concentrations reflect uptake via both food
and from water; BCF values theoretically reflect uptake from water only.) If measurements below detection
limits are taken to be equal to the detection limit value, the estimated values are: algae-BCF ca.190 L/kg,
plankton and invertebrates-BAF <20 L/kg, and fish-BAF ca. 8 L/kg.

4.3.2 Terrestrial bioaccumulation

Regarding bioconcentration into terrestrial plants, boron is known to be a critical element for the normal
growth and productivity of plants. Boron is required in plants for normal metabolic functioning with regard
to: sugar transport, cell wall synthesis, lignification, carbohydrate metabolism, RNA metabolism, respiration,
indole acetic acid (growth regulator) metabolism, phenol metabolism, the integrity of membranes, and the
pollination process (Marschner, 1995). There is a certain minimum requirement of B for a plant. However,
there are considerable interspecies differences in the levels required for optimal growth. Monocotyledons
generally require less then dicotyledons (Gupta et al, 1985)

Boron uptake varies with stage of growth and the concentration varies among the plant parts (Gupta et al,
1985). Plants also are known to change soil pH locally by root exudates to enhance uptake of essential
nutrients (Reimann et al. 2001, WHO 1998).

The uptake mechanism has long been debated. It was first suggested that B moves to the root surface in the
soil solution by mass flow and enters the roots by passive diffusion (Bingham et al, 1970). However this
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concept has been challenged by Bowen (1968, 1969, 1972), Bowen and Nissen (1977), Reisenauer et al
(1973). They indicated that B is actively absorbed in ionic form particularly when boron concentration in soil
is low (Gupta et al, 1985). This has been confirmed by more recent studies, which provided evidence for
channel- and/or transporter-mediated B transport systems (Tukano et al, 2005). The isolation of the B
transporter in borl-1 mutant plants showed elevated sensitivity to B deficiency, especially in young growing
organs in shoots. BOR1 is a membrane protein that belongs to the bicarbonate transporter superfamily
(Takano et al, 2002 and Frommer et al 2002).

Takano et al (2005) found that the activity of the plasma membrane transporter for B in plant -BORI1- is
regulated (endocytosis and degradation) by B availability, to avoid accumulation of toxic levels of B in
shoots under high-B supply, while protecting the shoot from B deficiency under B limitation.

Once in the plant, boron is passively carried in the transpiration stream to the leaves where the water
evaporates and boron accumulates. This explains, why boron concentrations are generally lower in roots,
stems, and fruits than in leaves (WHO 1998). Once assimilated by the plant, boron becomes one of the least
mobile micronutrients (Wolg 1940, Eaton 1944, Dible and Berger, 1952). Since boron is not readily
transported from old to young plant parts, the earliest deficiency symptoms are found in young parts while
the earliest toxicity symptoms are found in the old plant parts (Gupta et al, 1985).

As reviewed by WHO (1998), Eaton measured leaf concentrations of 50 plant species grown in sand culture
beds supplied with liquid nutrient solutions. At nutrient solutions of 5 mg B/L, Eaton (1944) found leaf
concentrations ranging between 58 and 1804 mgB/kg-dw. At nutrient solutions of 25 mg B/L, Eaton found
leaf concentrations from 209 to 3875 mg B/kd-dw. To express BSAF as a ratio of the plant tissue dry weight
to a soil dry weight, one could hypothesize an equilibrium soil boron concentration using the Kd value of
1.63 1/kg, as estimated in Section 4.2.1. This approach would estimate BSAF values of 7.4 to 221.5 kg/kg (5
mg-B/L solution) and BSAF values of 5.2 to 44.2 kg/kg at 25 mg-B/L. However, plant roots may not behave
the same in soil solution cultures as in real soils, so these BSAF estimates must be considered as highly
uncertain.

Riley et al. (1994) measured boron concentrations in barley and soil, and obtained whole shoot/soil ratios of
38 to 67.5 on a dry weight basis; these ratios can be considered as estimates of BSAF values. They also
found that concentration of B in the youngest emerged blades is influenced by sudden changes in the uptake
of B caused by such factors as changes in soil moisture or environmental conditions affecting plant
transpiration.

The phytotoxicity of boron limits the potential for excessive accumulations beyond “normal” plant tissue
concentrations. Oertli and Kohl (1961) noted that necrotic or chlorotic tissues contained only a few times the
boron content of green tissues, in some cases the concentration of boron in green and necrotic/chlorotic
leaves were in the same range. For example, green carrot tissues contained 470 to 960 mg/kg boron, while
necrotic tissue contained 2000 mg/kg — suggesting that even with excess supplies of external boron,
accumulations in plant tisse would be only 2 to 5 times “normal” tissue concentrations. Healthy bean tissue
contained 630 to 680 mg/kg boron, whereas necrotic tissue contained 1960-2510 mg/kg, s 3.3 to 4-fold ratio.
On the other hand, green leaves of cantaloupe contained a boron concentration of 510 — 1200 mg/kg,
whereas chlorotic leaves contained 600 — 930 mg/kg. They came to the conclusion that the differences in the
time necessary for plants to show toxicity sympthoms are not caused by different tolerances of tissues to
boron, but rather a function of the rate of accumulation of boron. If one plant species is very sensitive to
boron, and another insensitive, it could be because the sensitive plant species accumulates boron very
rapidly, whilst the less sensitive species accumulates it more slowly. In either leaf the cells will die at similar
boron concentrations. This contrasts with bioaccumulative substances that have no apparent deletrious
effects on plants so there is no self-limiting factor. It should also be noted, that due to the fact that Boron
uptake strongly depends on transpiration which is influenced by climate and environment, some seasonal
changes in boron tolerance were observed by Eaton (1945).

Robinson et al. (2007) found that when grown in a substrate containing 30 mg B/kg-dw , hybrid poplars
(Populus sp.) accumulated an average of 845 mg/kg in the leaves, some 20 times more than other species
grown in the same environment. Thus, they suggest growing poplars for the phytomanagement of boron
contaminated sites. The substrate at this site -wood waste- contained 28 to 36 mg B/kg-dw soil (average 30
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mg B/kg-dw) and the poplar leaves contained 776 to 1012 mg B/kg-dw (average 845 mg B/kg-dw). Using
the ratio of tissue: soil to estimate accumulation gives BSAF values of 27.7 to 28.1. Because poplar is a
hypoaccumulator, it may not be a representative species for evaluating terrestrial bioaccumulation, however.

Reimann et al (2001) reported in an investigation of 7 of the most common vascular plants (blueberry,
cowberry, crowberry, birch, willow, pine and spruce), and 2 moss species of northern Europe that vascular
plants clearly regulate their nutrient uptake via their roots, whilst moss receive most of their nutrients directly
from the atmosphere. Almost 500 leaf samples and almost 100 soil samples were taken from 9 different
catchment areas in the Baltic area. The average boron concentration in moss was 3.31 mg B/kgdw, while the
average boron concentration in leaves of 7 vascular plants ranged between 14 and 32 mgB/kgdw. Soil boron
concentrations were only determined -using the aqua regia extract- in the C-horizon. An average
concentration of 2.5 mg B/kgdw soil was found. Assuming all roots of vascular plants would be located in
the C-horizon, estimated BSAF values would range between 5.6 and 12.8 kg/kg.

Vetter (1995) found that the average boron content of 68 edible macrofungi of Hungary contained more
boron (11.74 mg/kg dry mass) than the average green plant (7.4 mg/kg dry mass). The highest concentration
found was 53 mg/kg dry mass in the species Marasmius gynnei, a non-edible species, a value 4-5 times
higher than the average of edible macrofungi. This illustrates that accumulation is dependent on the species.
However, no soil boron concentrations were reported, making comparison with other plant data not possible.

Mallard ducks have been studied as representative of terrestrial non-predatory organisms that consume plant
food. Pendleton et al. (1995) monitored body tissue levels on diets with 1600 mg-B/kg for up to 48 days.
Boron levels were higher on day 32 than on day 4 and differed among all tissues, with the highest levels in
blood (average 50.2 mg/kg), followed by brain (31.4 mg/kg) and liver (24.9 mg/kg). Pendleton et al. did not
report BAF values directly; however the reported data do permit calculation of the ratio of boron
concentration in the tissue to boron in the diet, which represents a BAF. Pendleton et al reported that the diet
contained 1600 ppm added boron. The tissue/food ratio (BAF) was thus less than 0.1. Pendleton et al. noted
that boron was rapidly eliminated within 1 day on a “clean diet.”

Stanley et al. (1996) also reported boron concentrations in mallard egg and livers after feeding boron-added
diets. Adult duck livers contained 4.6 mg B/kg and 8.5 mg B/kg when fed diets with 450 and 900 mg B/kg,
respectively. Duck eggs contained 6.5 and 11 mg B/kg, and duckling liver contained 7.6 and 13 mg B/kg for
the same diets. The tissue: food ratio (BAF) was thus less than 0.1 for all tissues.

Data also exist for herbivorous mammals that confirm rapid elimination of boron. Assuming first order
kinetics for elimination, the half-life was estimated to be approximately one hour for mice and less than 12
hours for rats (Farr and Konikowski 1963; Ku et al. 1991, 1993). In rabbits, 50 to 66% of an orally
administered dose of boric acid was excreted in the urine in the first 24 hours after dosing (Draize and
Kelley, 1959). In cows, Owen (1944) observed essentially quantitative recoveries of boron in the urine and
feces of animals fed daily rations fortified with borax

4.3.3 Summary and discussion of bioaccumulation

Boron is known to be a critical element for the normal growth and productivity of aquatic and terrestrial
plants. Boron is incorporated into plant cell walls, so some accumulation vs. the environment may be
anticipated, i.e., active transport. The minimum required level in plants is dependent on the plant species.

While several studies report concentrations on boron in plant tissues, only few provide both soils and tissue
concentrations, data required to derive the BSAF values. Measured BSAF in barley, are provided by Riley et
al. (1994) and range from 38 to 67.5 kgi/kgpian. Robinson et al (2007) report boron levels in boron
contaminated soils and leaves of poplar —a known hyperaccumulator of metals- from which BSAF values can
be derived of 27-30. These values are well below BSAF values used to establish significant bioconcentration
(BSAF 3000 to 5000).
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4.4 Secondary poisoning

Secondary poisoning concerns the potential toxic impact of a substance on a predatory bird or mammal
following ingestion of prey items (i.e. fish and earthworms) that contain the chemical. Accumulation of
chemicals through the food chain may follow many different pathways along different trophic levels. This
assessment is required for substances for which there is an indication for bioaccumulation potential.
(Guidance on IR and CSA, chapter R7C p 89).

Boron accumulates in aquatic and terrestrial plants but does not magnify through the food-chain. BSAF
values derived from tests performed in real soils are generally < 100. Data from both lab and field
observations indicate that body burdens of boron decrease at higher trophic levels. Because boron is
incorporated into plant cell walls, a diet rich in plant material is correspondingly high in boron, compared to
diets rich in meat or fish. However, data from animals and humans indicates that boron is quickly removed
via feces and urine, so body concentrations do not continually increase. Consequently, the potential for
secondary poisoning is not significant.
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5 HUMAN HEALTH HAZARD ASSESSMENT

A number of detailed hazard assessments and reviews of the toxicology of borates have been published
(Culver et al, 1994a; ECETOC, 1995; EC, 1996, Murray, 1995; Hubbard, 1998; IPCS, 1998; WHO; 1998;
Moore et al., 1997; US EPA, 2004; UK EVM, 2003; EFSA 2004, HERA, 2005).

Most of the simple inorganic borates exist predominantly as un-dissociated boric acid in dilute aqueous
solution at physiological and environmental pH, leading to the conclusion that the main species in the plasma
of mammals and in the environment is un-dissociated boric acid. Since other borates dissociate to form boric
acid in aqueous solutions, they too can be considered to exist as un-dissociated boric acid under the same
conditions.

The majority of toxicological studies of borates have involved either boric acid (H;BO;) or disodium tetraborate
decahydrate (i.e., borax, or Na,B40;.10H,0). Both acute and longer-term studies have been carried out on these
two substances. For the other borates, boric oxide, disodium tetraborate pentahydrate, and disodium tetraborate
anhydrous, only acute mammalian toxicity studies have been carried out.

For comparative purposes, dose levels of borates have been expressed in terms of boron (B) equivalents
based on the fraction of boron on a molecular weight basis. Conversion factors are given in table 5.1 below.
These conversion factors are important as some studies express dose in terms of B, whereas other studies
express the dose in units of boric acid or disodium tetraborate decahydrate. In this report boric acid and
disodium tetraborate anhydrous are being evaluated. Since the systemic effects and also some of the local
effects of both substances can be traced back to boric acid, the main species present at physiological pH-
values, results from one substance can be transfered to also evaluate the other substance on the basis of boron
equivalents. Further, since also disodium tetraborate decahydrate and disodium tetraborate pentahydrate
build boric acid in aqueous solution at physiological pH-values, results for these substances can also be used
on the basis of boron equivalents.

Table 5.1: Conversion factors to Boron Equivalents

Substance Conversion factor for

Equivalent dose of B
Boric acid H;BO; 0.175
Disodium tetraborate decahydrate (Borax) Na,B40; ¢10H,0 0.113
Disodium tetraborate pentahydrate Na,B40; ¢5H,0 0.148
Disodium tetraborate anhydrous Na,B,0; 0.215

5.1 Toxicokinetics

The toxicokinetics of boric acid, boron oxide, and the sodium tetraborates (anhydrous, pentahydrate and
decahydrate) are similar in rats and humans with respect to absorption, distribution, and metabolism
(Dourson et al., 1998; Murray, 1998).

Absorption
Oral Absorption

Boric acid and the simple sodium borates given orally are readily and completely absorbed in humans and
animals. Animals investigated include rats (Ku et al., 1991), rabbits (Draize & Kelly, 1959), sheep (Brown et
al., 1989) and cattle (Owen, 1944; Weeth et al., 1981) as shown by the levels of boron in urine, blood or
tissues. In rats fed '°B (boron 10-isotope) at a dose of 20 pug 95% and 4% was recovered from urine and feces
respectively within 24 h. Isotope ratios ''B/'°B measured in the urine changed from the natural abundance of
4.11 to an enriched ratio of 0.951 during the first 3 days after the test meal was fed to rats (Vanderpool et al.,
1994). In six adult human volunteers given a single oral dose of 131 mg B (as boric acid dissolved in water),
94% of the administered dose was excreted in the urine over a 96 hour period (Schou et al, 1984). Similar
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absorption was observed based on urinary excretion of boron in 6 volunteers drinking curative spa water
with a high boron content (daily dose of 102 mg B) for two weeks (Job, 1973). In another study, greater than
90% was absorbed in human volunteers taking in 3% boric acid in an aqueous solution or as a waterless
emulsifying ointment spread onto biscuits (Jansen, 1984a). In a series of human volunteer studies conducted
in the early 1900s, in which large doses of boric acid were repeatedly administered orally, approximately
80% of an administered dose was recovered in the urine, while 1% was recovered in the faeces (Wiley,
1904). Reports involving accidental human ingestion, particularly in infants, where new-born infants died
after accidentally ingesting boric acid, provide further evidence of oral absorption (Wong et al., 1964). After
accidental boric acid uptake in 9 patients, the mean half-life of boric acid was determined to be 13.4 hours
(range, 4.0 to 27.8) (Litovitz et al., 1988). For human risk assessment purposes 100% oral absorption is
assumed.

Inhalation Absorption

Studies in animals

In rats, inhaled boron oxide (anhydrous boric acid) aerosol was readily absorbed, based on the increased
levels of boron excreted in the urine following inhalation exposure. It is not clear if the inhaled amount of
boron was absorbed entirely by the respiratory tract Swallowed particles cleared from the respiratory tract
may have contributed to systemic uptake. (Wilding et al.,1959). Since boron can deposit in the upper
respiratory tract, additional excretion studies by this route would be useful in determining if excretion
patterns are similar across all routes of exposure.

Studies in humans

On 5 consecutive days Culver et al. (1994) measured blood and urine boron concentrations of 14 male
workers exposed to dust of disodium tetraborate anhydrous, disodium tetraborate decahydrate and disodium
tetraborate pentahydrate at a borax packaging and shipping facility. 4 workers were exposed to low, 5 to
medium and another 5 workers to high borax dust concentrations. Exposure based on an IOM air sampler
(designed to collect the inspirable particulate mass) resulted in 4.7, 16.18, and 24.77 mg B/day, respectively.
Blood levels for the medium and high exposure group were significantly higher compared to the pre-shift
Monday morning values (0.1 pg B/ml). The high exposure category had a calculated mean daily blood boron
level of 0.26 pg boron/g blood. Within this study non-occupationally exposed values for working adults were
reported (min. 0.01, max. 0.36 pg boron/ml). The pre-shift urine boron measurements had a mean of 2.75 pg
boron/mg creatinine. Post-shift values averaged 10.72 pg boron/mg creatinine. These values are slightly
higher than the values for non-occupationally exposed workers, which range between 0.04 - 7.8 pg boron/ml
urine (assuming that 1 ml urine contains 1 mg creatinine). Culver et al. recognised species differences,
between boron intake and resulting blood-boron levels, therefore he concluded that blood boron levels
should be used rather than boron intake levels. However, it is not clear what amount of inhaled boron was
adsorbed through the respiratory tract. Due to the large size of particles the authors suggested that most of
the inhaled borax would have been deposited in the upper respiratory tract, where it could have been
adsorbed directly through the mucus or could have been cleared and swallowed. An estimated adsorption
(dietary, air exposure) of 0.38 mg B/kg/day was calculated were no progressive boron accumulation across
the 5 days occurred.

Dermal Absorption

Dermal absorption of borates across intact skin is insignificant in all species evaluated, including human
new-born infants (no rise in plasma boron levels; Friis-Hansen et al., 1982), adult humans (no increase in
boron excretion in urine; Beyer et al., 1983; Hui et al, 1996; Wester et al, 1998), rabbits (Draize and Kelley,
1959), and rats (no or slight increases in urine boron concentration Nielsen, 1970). Borates have been
demonstrated to penetrate damaged or abraded skin (Draize and Kelley, 1959; Nielsen, 1970, Stiittgen et al.,
1982). Additionally, boric acid has been shown to be well absorbed through mucus membranes (Baselt et al,
2004). However, the use of an ointment-based vehicle may change the absorption though diseased skin
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compared to an aqueous jelly based vehicle (Nielsen, 1970 and Stiittgen et al, 1982), although the results by
Stiittgen et al. (1982) have a number of flaws and are therefore not conclusive.

Skin absorption data was obtained in human volunteers (Hui et al., 1996; Wester et al., 1998). Volunteers (8
per group) were dosed (non-occluded) on a 900 cm” area (30cm x 30 cm) area of the back with '°B enriched
boric acid or sodium tetraborate decahydrate (5% in aqueous solution), or disodium octaborate tetrahydrate
and disodium tetraborate decahydrate (10% in aqueous solution). Twenty-four hours later the residual dose
was removed by washing. Boron was measured in the urine (coupled mass spectrometry). The absorption
rates are given below.

Table 5.2: Dermal Absorption in Humans of boric acid and disodium tetraborate decahydrate

Applied dose: | % Dose Rate of Permeability
Absorbed = Absorption: Constant (Kp)
pgB/900 cm | SD Flux (cm/hr)
pg/cm’/hr
Boric Acid (5%) 2.45 0.226 £ 0.125 0.009 1.9x 10”7

Disodium tetraborate decahydrate 3.96

-7
(5%) 0.210+0.194 0.00875 1.8 x 10

SD standard deviation

The total recovery of the applied dose ranged from 48.8 - 63.6%, therefore 36.4-51.2% of the applied dose is
not accounted for. The authors suggested that this may be due to loss to outside clothing and bedding.
However, part of the lost dose may be located in the body or in the skin at the application site, which in that
case should be considered as being absorbed. Based on other data, for instance, the low acute dermal limit
studies carried out on sodium tetraborate pentahydrate and sodium tetraborate decahydrate (LDsy be > 2000
mg/kg bw) indicate minimal dermal absorption. In an acute dermal limit study on boric acid, the rabbit skin
was abraded to increase the absorption. Even in this study limited symptoms were observed and the acute
dermal LDs, was > 2000 mg/kg bw. This data could support minimal dermal absorption.

In vitro percutaneous absorption of '°B enriched Boric Acid and Borax was tested on human skin.
Absorption was determined by receptor fluid accumulation over a 24 hour dosing period and by skin content
at the end of the 24 hr period. Percent doses absorbed were 1.2 for 0.05% dose, 0.28 for 0.5% dose and 0.7
for 5% dose. Skin surface soap and water washes removed 72, 86 and 81 percent doses after the 24 hr dosing
interval (Wester et al., 1998).

The percutaneous absorption of disodium tetraborate decahydrate can be read across to disodium tetraborate
pentahydrate and disodium tetraborate anhydrous. Disodium tetraborate pentahydrate only slightly less
hydrated than the decahydrate. Anhydrous disodium tetraborate is the anhydrous salt of disodium tetraborate
decahydrate and disodium tetraborate pentahydrate. For practical purposes one part of anhydrous disodium
tetraborate is equivalent to 1.45 parts of disodium tetraborate pentahydrate; 1.9 parts of disodium tetraborate
decahydrate; and in aqueous solution 1.23 parts of boric acid. Anhydrous disodium tetraborate is
hygroscopic and takes up water to form a hydrated salt and like the other borates, in solution it will exist as
undissociated boric acid. Since anhydrous disodium tetraborate and disodium tetraborate pentahydrate will
form the various similar borates in the moistened form that it is applied to the skin, they are unlikely to be
absorbed at any greater rate than the other borates tested.

Therefore, using the % dose absorbed plus standard deviation (SD) for boric acid, a dermal absorption for
borates of 0.5% (rounded from 0,45%) can be assumed as a worse case estimate.
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Distribution

There is no substantiated evidence of boron accumulation in humans or other animals although bone contains
higher levels than other tissues and boron is slowly eliminated from bone (Alexander et al, 1951; Forbes et
al., 1954; Forbes and Mitchell, 1957; Jansen et al, 1984b; Ward, 1987; Treinen and Chapin, 1991; Ku et al.,
1991;1993; Culver et al., 1994b; Chapin et al, 1997).

Absorbed boron rapidly distributes throughout the body water in humans and animals. In a study of workers
occupationally exposed to 10 mg/m’ of airborne borax (0.22 mg B/kg/day), there was no progressive
accumulation of boron in soft tissues during the working week as measured by blood and urine levels
(Culver et al., 1993; 1994b). Similarly, Jansen et al. (1984a, b) concluded from pharmacokinetic studies of
human volunteers that there was no tendency for boron to accumulate following a single i.v. dose of 600 mg
of boric acid (approximately 105 mg B). Tissue levels of boron generally reached steady-state within three to
four days among rats fed boric acid in the diet or drinking water for 28 days (Treinen and Chapin, 1991) or 3
— 4 days (Ku et al., 1991). Thus, boron does not accumulate in soft tissues with time in either humans or
animals.

A poisoning case with boric acid in a pregnant woman indicated that borates can cross the placenta (Grella et
al., 1976). The foetus was delivered early due to accidental poisoning of the mother with boric acid, and
since no boric acid fetal blood or amniotic fluid concentrations were measured, it is not possible to conclude
that boric acid passed the placenta. No information was presented on possible reproduction parameters.

In both humans and animals, boron levels in soft tissue are comparable to plasma levels, while a greater
concentration of boron in bone is observed relative to other tissues. The most complete study of boron
distribution conducted to date examined tissue disposition of boron in reproductive organs and other selected
tissues in adult male rats fed boric acid, providing approximately 100 mg B/kg bw/day for up to seven days
(Ku et al., 1991; 1993). All tissues examined, except bone and adipose tissue, appeared to reach steady state
boron levels by three to four days. Bone achieved the highest concentration of boron (2 to 3 times plasma
levels), and bone boron levels continued to increase throughout seven days of dietary administration (Ku et
al., 1991). In contrast, adipose tissue concentration was approximately 20 % of the plasma level. No other
tissues showed any appreciable accumulation of boron over plasma levels. In dogs, an accumulation in the
brain, liver and fat was reported after a high single dose of 2000 mg (350 mg B)/kg bw boric acid (Pfeiffer et
al., 1945). However, the accuracy of the analytical procedures in that study is questionable.

Previous studies also show a greater concentration of boron in bone relative to other tissues in humans
(Alexander et al., 1951; Forbes et al., 1954;) and rats (Forbes and Mitchell, 1957). Boron levels in a number
of tissues have been measured (Abou-Shakra, 1989; Ciba and Chrusciel, 1992; Ward, 1987; Sabbioni et al.,
1990; Shuler et al., 1990; Minoia et al., 1990; 1994). In mice, boron distribution appeared to be homogenous
in the tissues examined, except for higher levels in the kidney (bone was not analysed) (Locksley and Sweet,
1954; Laurent-Pettersson et al., 1992), but higher levels were found in bone in another study (Massie et al.,
1990). In vivo and in vitro studies indicate that boric acid has a strong affinity for cis-hydroxyl groups, this
effect is reversible and concentration dependent (WHO, 1998). Boric acid can form complexes with various
biomolecules. It has an affinity for hydroxyl, amino, and thiol groups (IPCS, 1998). This may explain the
higher concentrations of boric acid in bone, owing to the binding of to the cis -hydroxyl groups of
hydroxyapetite.

Metabolism

Boric acid is not metabolised in either animals or humans, owing to the high energy level required
(523kJ/mol) to break the B - O bond (Emsley, 1989). Other inorganic borates convert to boric acid at
physiological pH in the aqueous layer overlying the mucosal surfaces prior to absorption. Additional support
for this derives from studies in which more than 90% of administered doses of inorganic borates are excreted
in the urine as boric acid. Boric acid is a very weak and exclusively monobasic acid that is believed to act,
not as a proton donor, but as a Lewis acid, i.e., it accepts OH-. Because of the high pKa, regardless of the
form of inorganic borate ingested (e.g., boric acid, borax or boron associated with animal or plant tissues),
exists almost exclusively (>98%) as undissociated boric acid.
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Elimination

In both humans and animals, boron is excreted in the urine regardless of the route of administration. It is
excreted with a half-life of < 24 hours in humans and animals. Boron is slowly eliminated from bone (Chapin
etal., 1997).

In humans, 99% of a single i.v. dose of boric acid was excreted in the urine; the plasma half-life was
calculated to be 21 hours using a three compartment toxicokinetic model (Jansen et al., 1984b). Following
oral intake of an aqueous solution of boric acid, the urinary recovery was 94 % (Jansen et al., 1984a); more
than 50 % of the oral dose was eliminated in the first 24 hours, consistent with the 21 hour half-life in the i.v.
study. Sutherland et al. (1998) showed in a boron balance study that only 8% of dietary boron is excreted in
faeces. In a previous study, half-lives ranging from 4.0 — 27.8 hours have been reported from nine poisoning
cases (Astier et al., 1988; Litovitz et al., 1988).

Elimination half-lives for animals have not been stated explicitly in the scientific literature, but they can be
calculated or estimated from the data in the literature. In mice, assuming first order kinetics for elimination,
the half-life was estimated to be approximately one hour, and in rat < 12 hours (Farr and Konikowski, 1963;
Ku et al. 1991; 1993). In rabbits, 50 to 66% of an orally administered dose of boric acid was excreted in the
urine in the first 24 hours after dosing (Draize and Kelley, 1959). A recent study indicated that the half-life
may be only 3 hours in both pregnant and non-pregnant rats. The boron clearance in pregnant rats was
slightly higher than in non-pregnant rats; however the difference was not statistically significant (Vaziri et
al., 2001).

The major determinant of boric acid excretion is expected to be renal clearance since boric acid is excreted
unchanged in the urine. Rats and mice generally have faster rates of renal clearance than humans since the
glomerular filtration rate, as a function of body mass, is generally higher in rats and mice than in humans.

Clearances as a function of body surface area of 40.4 + 3.2 ml/min/1.73m* for sodium tetraborate in male
rats and 40 ml /min/1.73m’ for boron in mice (Usuda et al., 1998; Farr and Konikowski, 1963) have been
reported, although there are methodological and/or analytical limitations in both studies. In more recent
studies boric acid clearance rates in non-pregnant rats and pregnant rats ranged from 29.0 £ 5.7 to 31.0 £ 4.5
and from 32.2 + 5.1 to 35.6 £ 5.7 ml/min/1.73m?, respectively (Vaziri et al., 2001).

In humans, Jansen et al (1984b) determined a clearance rate of 55 ml/min/1.73m” following an i.v. dose of
600 mg of boric acid (105 mg B). Farr and Konikowski (1963) also reported a similar value of 39
ml/min/1.73m2 in humans given 35 mg B/kg intravenously as sodium pentaborate, although there are
methodological and analytical limitations to this 40 year old study. In a more recent study, renal clearance
rates in humans were 68.30 + 35.0ml/min/1.73m? for pregnant subjects and 54.31 + 19.35 ml/min/1.73m? for
non-pregnant subjects (Pahl et al., 2001). This indicates about 20 —25% greater clearance in pregnant
humans, however, not statistically significant.

A comparison of the renal clearance between rats and humans in terms of body surface area indicated that
humans clear boric acid slightly faster than rats (~1.7 - 1.9 times as fast), while a comparison by bodyweight
indicates that humans may clear boric acid more slowly than rats (~ 3 - 4 times slower) (Pahl et al., 2001;
Vaziri et al., 2001). The comparison by bodyweight is used for risk assessment purposes.

CONCLUSION

There is little difference between animals and humans in absorption, distribution, and metabolism. A
difference in renal clearance is the major determinant in the differences between animals and humans, with
the renal clearance in rats approximately 3-4 times faster than in humans.

Absorption of borates via the oral route is nearly 100%. For the inhalation route also 100% absorption is
assumed as worst case scenario. Dermal absorption through intact skin is very low. For risk assessment of
borates a dermal absorption of 0.5% is used as a realistic worst case approach. In the blood boric acid is the
main species present. Boric acid is not further metabolised. Borates are distributed rapidly and evenly
through the body, with concentrations in bone 2 - 3 higher than in other tissues. Boron is excreted rapidly,
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with elimination half-lives of 1h in the mouse, 3h in the rat and < 27.8 h in humans, and has low potential for
accumulation. Boric acid is mainly excreted in the urine.

Table 5.3: Summary of Toxicokinetics of Inorganic Borates in rats and humans

Absorption Readily absorbed orally and by inhalation (of respirable particles)

Dermal absorption is very low (< 0.5%) except through mucus membranes and severely damaged skin

Distribution Rapidly distributed through body water

With the exception of bone - no accumulation in tissues

Metabolism Not metabolised

Exists mainly as boric acid in whole blood

Elimination Excreted almost exclusively in the urine
Half-life < 27.8 hours in humans

Renal clearance is 3-4 times faster in rats than humans based on a body weight comparison

5.2 Acute toxicity

5.2.1 Acute toxicity: oral
Studies in animals

The borates are in general of low acute oral toxicity in mammals, including rats and mice. An accidental
poisoning case in cows and a further study in goats do not suggest that these species are more sensitive to the
effects of borates with respect to acute toxicity (Sisk et al., 1988; 1990). The rat LD50 values for the various
borates are given below. No substantial differences in acute oral toxicity were seen in mice and dogs in the
limited studies available. However, dogs exhibit an emetic effect in response to high doses of borates. The
LD50 in dogs was determined to be > 3980 mg boric acid’kg (697 mg B) and > 6150 mg disodium
tetraborate decahydrate (695 mg B) /kg (administered in a capsule). The dogs vomited shortly after treatment
at all doses (158 mg boric acid (28 mg B)/kg and 246 mg disodium tetraborate decahydrate (28 mg B)/kg
were the lowest doses tested) (Keller, 1962; Weir & Fisher, 1972). The main symptoms of toxicity seen in all
species tested were CNS depression, ataxia and convulsions.

Two limit dose studies were conducted on disodium tetraborate anhydrous. In the first study, rats were dosed
at 200 (43 mg B) and 2000 mg (430 mg B) /kg/ bw. At 2000 mg (430 mg B)/kg 2/5 male rats died. Slight
body weight losses were recorded for both animals. Clinical signs indicated soft faeces, soiling of anogenital
area, lethargy, hunched posture, ptosis, hypothermia and wasted appearance. In surviving males, signs of soft
faeces, soiling of anogenital area and hunched posture were apparent but had resolved by day 4, but an
unkempt appearance was noted between day 7 and termination (day 15). Piloerection and anogenital soiling
was noted in 4 females of the same group, and these recovered by day 3. The only pathological effects
observed were a distended stomach and darkened lungs in one rat that died and an enlarged liver, dark
inflated lungs and red fluid in the thoracic cavity of the second rat that died. At 200 mg (43 mg B)/kg, apart
from one male rat with an unkempt appearance no other clinical signs were observed. At 200 mg (43 mg
B)/kg, no animals died and the only observation seen was an unkempt appearance in one male and one
female at intervals during the second week. The LDs, was estimated to be > 200 mg (43 mg B)/kg bw in
males and > 2000 mg (430 mg B)/kg in females. The second study was conducted to confirm that the LD50
is above 2000 mg (430 mg B)/kg/bw. Rats were dosed at 1600 (344 mg B) and 2500 mg (538 mg B)/kg. No
deaths occurred at either dose. No effects were observed at 1600 mg (344 mg B)/kg. At 2500 mg (538 mg
B)/kg, piloerection observed in one animal that recovered by day 2. No other adverse effects were observed
(Denton 1995, 1996). Based on the data in the first study, it is likely that the LD50 is lower than 5000 mg
(1075 mg B)/kg/bw.
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Table 5.4: Acute Oral Toxicity Studies

Route Method Species Dose levels Value Remarks Reference
Guideline Strain duration of LDs5y /LCs
Sex exposure
no/group
Boric Acid
Oral "No specific Rat: Sprague 2000; 2520; LDs, males + | Other data Keller, 1962
guidelines were Dawley 3160; 3980;5010 | females = 3765 | supports a
available at the time of | 5/group and 6310 mg/kg | mg /kg bw range of Weir & Fisher,
this study. bw (659 mg B/kg) | 2660 —4100 1972; Pfeiffer et
mg/kg al., 1945
Disodium Tetraborate Anhydrous
Oral OECD 401 Rat: 1600; 2500 > 2500 mg Denton.
Crl:CD.BR mg/kg bw (538 mg B)/kg (1996).
S/group bw males
Disodium Tetraborate Pentahydrate
Oral US EPA-FIFRA Rat: Sprague 1000; 1495; 3305 (2403 - Reagan and
guidelines Dawley 2236; 3344 5000 |4207) mg/kg Becci (1985a)
5/group mg/kg bw (489 mg B/kg)
Disodium Tetraborate Decahydrate
Oral 'Unknown Rat: Sprague 4000; 4500; 5560 (5150 - Meyding and
Dawley 5000; 5500; 6000) mg/kg Foglhian
S/group 6000; 6500; 7000 | (628 mg B/kg) (1961),
mg/kg bw

1Although only old data is available for boric acid and for disodium tetraborate decahydrate, there are a number of studies in rats (and mice and dogs),
which confirm the low acute oral toxicity of the borates. Further testing is therefore not justified in the interests of protecting laboratory animals.

Studies in humans

There is a large database of accidental or intentional poisoning incidents for humans. In the literature, the
human oral lethal dose is regularly quoted as 2-3 g boric acid for infants, 5-6 g boric acid for children and
15-30 g boric acid for adults. This data is largely unsubstantiated. In most cases it is difficult to make a good
quantitative judgment particularly since medical intervention occurred in most cases and there were often
other unrelated medical conditions (Culver and Hubbard, 1996). Of 784 more recent reports of accidental
ingestion, none were reported as fatal and 88.3% were asymptomatic. The estimated dose range was 10 mg
to 88.8 g (Litovitz et al, 1988). However, a single intake of 30 g of boric acid was fatal in one case
(Yoshitaka et el., 1993). Symptoms of acute effects may include nausea, vomiting, gastric discomfort, skin
flushing, excitation, convulsions, depression and vascular collapse. Currently, sodium borate (borax) is
frequently used in household cleaning products, wood preservatives and fungicides. In addition it is found as
household pesticides to control ants, flies and cockroaches. One recent case of an 18-month-old child who
died following the accidental ingestion of a boric acid-containing, commercially available roach pesticide
(Hamilton, 2007) supports that the toddler population is currently at risk.

Two cases were chosen to demonstrate the course of acute effects on humans after ingestion of high boron
concentrations.

Schillinger et al. (1982) reported the case of a 44 year old woman who had taken up half a container of boric
acid powder (14g) in a suicide attempt. Within two days she developed widespread exfoliative dermatitis,
which started with an erythema, first noted around the mouth. Within 24 hours it involved most parts of the
body. After three days large sheets of desquamation were described. The skin lesions were accompanied by a
persistent sensation of nausea with multiple episodes of vomiting. Three days after ingestion her hemoglobin
value was 11.3g and her hematocrit 33.6%, seven days later these values had dropped to 6.5g and 19%,
respectively. Bone marrow aspirate revealed hypercellularity, with an increase in the myeloid series,
decrease in the erythroid series, adequate megakaryocytes, and iron present in the beginning. On day seven
no hemolysis was observed in the peripheral blood smear and Coomb's direct and indirect tests were
negative. The bone marrow aspirate was indicative for bone marrow toxicity secondary to boric acid
poisoning. The patient responded well to transfusion with three units of packed red cells. Four days after
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ingestion she developed a fever of 39.0°C. On day ten she developed a patchy alopecia which progressed to
alopecia totalis within a few days. Further, she showed central nervours system involvement, with loss of
orientation to time and place, she had elevated liver function tests and oliguri. The patient responded well to
hemaodialysis.

In another case a 62 year old received by mistake 40g boric acid instead of a glucose solution. The most
important signs of poisoning were slight metabolic acidosis, total anuria for 14 hours and normochromic
anaemia with a reduction of haemoglobin of 32%. All effects could be reversed by immediate dialysis,
forced diuresis and gastric lavage (Stolpmann & Hopmann, 1975).

5.2.2 Acute toxicity: inhalation

Studies in animals

In an inhalation study in which rats were exposed to boric acid at actual concentrations of 2.12 mg (0.37 mg
B)/L (highest attainable concentration) for 4 hours no deaths were observed. During the initial 1.5 hours of
exposure to boric acid ocular and nasal discharge, hunched posture and hypoactivity were noted. Upon
removal from the exposure chamber clear ocular and brown nasal discharge persisted in all animals. All rats
recovered from these symptoms by day 2 and appeared active and healthy for the remainder of the study.
Gross necropsy findings at terminal sacrifice were generally unremarkable (Wnorowski, 1997).

Studies in rats with disodium tetraborate pentahydrate (Wnorowski, 1994b) revealed LC50’s of >2.04 mg
(0.30 mg B)/L (2g/m3) respectively. All animals survived exposure to the test atmosphere. During the first
hour of exposure, ocular discharge, hypoactivity and hunched posture were noted. Upon chamber removal,
ocular discharge persisted in all rats and within several hours of exposure, two animals exhibited nasal
discharge and all had a hunched posture. All rats recovered from the symptoms by day 6 and gained weight
over a 14-day observation period. Gross necropsy findings at terminal sacrifice were generally unremarkable.

Studies in rats with disodium tetraborate decahydrate (Wnorowski, 1994a) revealed LC50’s of >2.03 mg
(0.23 mg B)/L. During the first hour of exposure, ocular discharge, hypoactivity and hunched posture were
noted. Upon chamber removal, ocular discharge persisted in all rats and two animals had a hunched posture.
All animals recovered from the above symptoms by day 7 and gained weight over the 14-day observation
period. Gross necropsy findings at terminal sacrifice were generally unremarkable.

Although no test was carried out on disodium tetraborate anhydrous, it can be assumed that this substance
would also have low acute inhalation toxicity.

There is no data from animal studies on boric acid, disodium tetraborate anhydrous, disodium tetraborate
pentahydrate and disodium tetraborate decahydrate that indicated respiratory irritation.

Table 5.5 Acute Inhalation Toxicity Studies

Route Method Species Dose levels Value Remarks Reference
Guideline Strain duration of LDsy /LCsy
Sex exposure
no/group
Boric Acid
Inhalation [ OECD Guide-line 403 | Rat: Analytical >2120mg (371 | MMAD 3.5 um Whnorowski,
"Acute Inhalation Sprague concentration | mg B)/m? No deaths; ocular (1997)
Toxicity" Dawley 2120 +140 and nasal discharge,
(USEPA.FIFRA 40 5/group mg/m? hunched posture and
CFR Part 160. 4 hours hypoacitivity. All
rats recovered by
day 2.
Disodium Tetraborate Anhydrous
Read across from Disodium Tetraborate Pentahydrate and Disodium Tetraborate Decahydrate
Disodium Tetraborate Pentahydrate
Inhalation | OECD 403 Rat: Sprague | 2g/m’ nominal |>2040 mg (302 | MMAD 3.1 pm Wnorowski,
Dawley 4 hours mg B)m’ No deaths; ocular (1994 b)
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S/group discharge,
hypoactivity and
hunched posture
were noted; nasal
discharge in 2 rats.
All rats recovered by

day 6.
Disodium Tetraborate Decahydrate
Inhalation | OECD 403 Rat: 2g/m’ nominal |[>2030 mg (300 | MMAD 3.6 um Whnorowski,
Sprague 4 hours mg B)ym’ No deaths; ocular (1994 a),
Dawley discharge, hunched
5/group posture and

hypoacitivity. All
rats recovered by
day 7.

MMAD ... mean mass aerodynamic diameter

5.2.3 Acute toxicity: dermal
Studies in animals

The acute dermal toxicity of borates is low, being >2000 mg/kg bw for all borates tested. Although no test
was carried out on disodium tetraborate anhydrous, it can be assumed that this would also have low acute
dermal toxicity.

Table 5.6: Acute Dermal Toxicity Studies

Route Method Species Dose levels Value Remarks Reference
Guideline Strain duration of LDs, /LCs
Sex exposure
no/group
Boric Acid
Dermal FIFRA (40 CFR 163) | Rabbits; New [ Dosage to 2000 |> 2000 mg/kg Weiner et al.,.
Acceptable protocol at | Zealand White | mg/kg bw: 24 bw (350 mg 1982
the time S/group hours B/kg)

Disodium Tetraborate Anhydrous

Read across to Disodium Tetraborate Pentahydrate and Disodium Tetraborate Decahydrate

Disodium Tetraborate Pentahydrate

Dermal 'US EPA-FIFRA Rabbits; New | 2000 mg/kg bw [ >2000 mg/kg Reagan and
guidelines Zealand White bw Becci, 1985b
5/group (296 mg B/kg)
Disodium Tetraborate Decahydrate
Dermal 'US EPA-FIFRA Rabbits; New | 2000 mg/kg bw | >2000 mg/kg Reagan and
guidelines Zealand White bw Becci, 1985¢
S/group (226 mg B/kg)

" This study was carried out to comply with US EPA-FIFRA guidelines at the time and carried out by the US Food and Drug
Laboratories to GLP. Although it is not to modern protocols the data is consistent with other borate data and further testing is not
warranted in the interests of animal welfare and protecting laboratory animals

Studies in humans

Several poisoning cases have been reported in humans. In pharmaceutical preparations boric acid has been
used in the past as skin and mucosa antiseptic. Such medical uses are now obsolete because of its low
efficacy and comparatively high toxicity. Also, accidental misuse in the preparation of baby formula (1 — 14
g in boric acid in the formula) and the topical use of pure boric acid powder for infants has led to poisonings
in the past. This database is reviewed in several papers of data from poisoning centres as well as a detailed
review of the literature cases from the mid 1800s to the 1970s by Kliegel (Kliegel, 1980; Wong et al. 1964,
Litovitz et al, 1988; Goldbloom and Goldbloom, 1953; Valdes-Dapena and Arey, 1962).
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5.24 Acute toxicity: other routes

Studies in animals

The acute intravenous LDso s of a 5 % aqueous solution of boric acid were 1.78 g/kg and 1.33 g/kg in mice
and rats respectively and the subcutaneous LDs, s were 2.07 g/kg and 1.2 g/kg for mice and guinea pigs
respectively (Pfeiffer et al., 1945).

5.2.5 Acute toxicity: summary and discussion

Boric acid, disodium tetraborate anhydrous, disodium tetraborate pentahydrate and disodium tetraborate
decahydrate are of low acute toxicity. Although the acute oral studies were not of modern standards and were
performed prior to the introduction of GLP, they are reproducible across a number of studies and species and
of acceptable quality. For acute dermal and acute inhalation some studies do meet the modern GLP standard.
For all borates discussed above the acute toxicity results are: LDs oral rat > 2000 mg/kg; LDs, dermal rat >
2000 mg/kg; LCsy inhalation rat > 2 mg/1.

Table 5.7: Summary of Acute Toxicity Data

Route Value Reference
LDs, /LCs,
Boric Acid
Oral 3765 (2660 —4100) mg/kg Keller (1962); Weir & Fisher, (1972); Pfeiffer et
al., (1945)
Inhalation > 2120 mg/m? Wnorowski, 1997
Dermal > 2000 mg/kg bw Weiner et al., (1982).

Disodium Tetraborate Anhydrous

Oral > 2500 mg/kg bw males Denton, (1995).
Inhalation >2000 mg/m’ Read across from Disodium Tetraborate
Dermal >2000 mg/kg bw Pentahydrate and Disodium Tetraborate

Decahydrate

Disodium Tetraborate Pentahydrate

Oral 3305 (2403 - 4207) mg/kg Reagan and Becci (1985a)
Inhalation >2040 mg/m3 (2g/m3 ) ‘Wnorowski, (1994 a)
Dermal >2000 mg/kg bw Reagan and Becci, (1985b)

Disodium Tetraborate Decahydrate

Oral 5560 (5150 - 6000) mg/kg Meyding and Foglhian (1961),
Inhalation >2.03.mg/L (2g/m3 ) ‘Wnorowski, (1994b)
Dermal >2000 mg/kg bw Reagan and Becci, 1985¢

5.3 Irritation

5.3.1 Skin

In a study in rabbits, boric acid did not cause skin irritation when applied to the intact or abraded skin at a
dose of 0.5 g. Similarly, in studies in rabbits, sodium tetraborate decahydrate (Reagan and Becci, 1985¢) and
sodium tetraborate pentahydrate (Reagan and Becci, 1985d) did not cause skin irritation at doses of 0.5 g. In
an earlier study in white rabbits, 5 ml of 10% boric acid (w/v) in water applied to abraded skin demonstrated
very mild irritation with a primary irritation score of 2.5. In the same study, 10 ml of 5% borax (Disodium
Tetraborate Decahydrate) in water (w/v) resulted in very mild irritation with a primary irritation score of 2.3.
However, in the same study in Guinea pigs, neither boric acid nor borax was irritating when applied on
abraded skin, with primary irritation scores less than 2 (Roudabush 1964). Although no test was carried out
on disodium tetraborate anhydrous, it can be assumed that this would also not cause skin irritation.

Boric acid and disodium tetraborate decahydrate are used at concentrations of 5% in cosmetics in the US and in
talc in Europe, up to 3% in other cosmetics in Europe and up to 0.5% in oral hygiene products in Europe and
elsewhere (Beyer et al., 1983; EC, 2000).
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Table 5.8 SKin Irritation Data

Species Method Average score 24, 48, 72 | Reversibility | Result Reference
h yes/no
Erythema | Edema
Boric Acid
White 21 CFR 191.11 PII2.5 Roudabush et al. (1964)
Rabbits Mildly
Irritating
Abraded
Skin
Rabbits; | FIFRA (40 CFR 0.105 0 yes Non irritant | Weiner et al. (1982).
New 163) Acceptable
Zealand protocol at the
White time
Disodium Tetraborate Anhydrous

Read across from Disodium Tetraborate Pentahydrate and Disodium Tetraborate Decahydrate — Non Irritant

Disodium Tetraborate Pentahydrate

Rabbit 'US EPA-FIFRA |0 0 Non Irritant | Reagan and Becci, (1985d)
guidelines
Disodium Tetraborate Decahydrate
White 21 CFR 191.11 PII2.3 Roudabush et al. (1964)
Rabbits Mildly
Irritating
Abraded
Skin
Rabbit 'US EPA-FIFRA |0 0 Non Irritant | Reagan and. Becci (1985¢),
guidelines

" This study was carried out to comply with US EPA-FIFRA guidelines at the time and carried out by the US Food and Drug Laboratories to GLP.
Although it is not to modern protocols the data is consistent with other borate data and further testing is not warranted in the interests of animal
welfare and protecting laboratory animals

5.3.2 Eye
Studies in animals
Boric Acid

Boric acid induced conjunctivae redness and chemosis and minor effects on the iris. The effects were
reversible within 7 days. (Doyle, 1989a)

Table 5.9: Eye irritation Boric Acid
Species Method Average Score Result Reversibility | Reference
Cornea | Iris Conjunctiva yes/no
Redness | Chemosis
Rabbits; New FIFRA (40 CFR 158, 162); 0.00 [0.11 0.94 0.56 Non Yes Doyle,
Zealand White TSCA (40 CFR 798). irritant 1989a
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Disodium Tetraborate Pentahydrate

A number of eye irritancy studies have been carried on disodium tetraborate pentahydrate (Reagan and
Becci, 1985f, Wnorowski, 1996 and Cerven, 2000), which involved testing various batches of substance and
under varying conditions, all indicating eye irritation. However the key study was carried out at the request
of the US EPA to confirm that the eye irritation previously seen was caused by the glassy nature of the
crystals of substance and not a chemical effect of irritation (Cerven, 2000). To confirm this, the sample was
ground to a fine powder before instillation to reduce the glassy, sharp crystals in the sample (0.08 ml dosed).
As a result for this study the US EPA accepted that the effects were mechanical downgraded its classification
according to US FIFRA to Toxicity II (40 CFR 156) by ocular administration (Corneal involvement or
irritation clearing in 8-21 days).

Disodium Tetraborate Decahydrate

Two studies have been carried out both indicating eye irritancy (Reagan and Becci, 1985g; Doyle, 1989b). In
the second study, regarded as the key study the sample was ground to a fine powder to reduce the glassy,
sharp crystals in the sample.

Disodium Tetraborate Anhydrous

While no data has been obtained for disodium tetraborate anhydrous, it can be assumed that it should be an
eye irritant based on the data obtained with the hydrated disodium tetraborates.

Table 5.10 Eye irritation Data: Disodium Tetraborates

Species | Method Average Score Result | Reversibility | Reference
yes/no

Cornea | Iris Conjunctiva

Redness | Chemosis

Disodium Tetraborate Anhydrous

Read across from Disodium Tetraborate Pentahydrate and Disodium Tetraborate Decahydrate — Irritant

Disodium Tetraborate Pentahydrate

Rabbit | FIFRA (40 CFR 158, 430); EPA OPPTS 022 022 28 1.89 | Irritant | Yes Cerven,
870.2400 (2000).

Disodium Tetraborate Decahydrate

Rabbit | FIFRA (40 CFR 158, 162); TSCA (40 CFR | 0.72 |0.61| 1.70 211  |Irritant | Yes Doyle,
798). (1989b)

Studies in humans

Acute irritant effects on the eye are well documented in human workers exposed to borates (Garabrant 1984,
1985; Wegman 1991, Wegman 1994, EPA, 2004).

5.3.3  Respiratory tract

Short term effects

Studies in animals

Acute inhalation studies in rats with disodium tetraborate (pentahydrate & decahydrate) and boric acid
(Wnorowski, 1994ab, 1997) revealed LCsq-values > 2 g/m3. Ocular and nasal discharge, hunched posture and
hypoactivity have been noticed as symptoms.
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In a study by Krystofiak & Schaper (1996) metal working fluids and its single constituents, one of which is
boric acid, were investigated. The test procedure followed the Alarie-method, which detects depressions of
respiratory frequency in Swiss-Webster mice in response to exposure to sensory irritants. The concentration
inducing a 50% decrease in respiratory frequency is termed the RDsy. This effect is based on stimulation of
the Nervus trigeminus in the nasal passage. The human equivalent response is stated to be a sensation of
stinging or burning, referred to as sensory irritation (Alarie, 1973). In the current experiment four mice were
exposed to 300 mg/m3 boric acid (the highest achievable concentration), equivalent to 52,5 mg B/m’, which
resulted in a 20% reduction of the respiratory rate (no other dose was reported, no information on the results
from individual mice or standard deviation is given). It can be concluded that boric acid acts as sensory
irritant, however, the data could not be used for DNEL derivation. As stated in Chapter R.8 of the Guidance
on IR and CSA, quantitative use of data generated with the Alarie-test are not generally accepted and shall
only be applied when of sufficient quality.

Studies in humans

Acute irritant effects are well documented in human workers exposed to borates (e.g. Garabrant et al., 1984,
1985; Wegman et al., 1991, Woskie et al., 1998). The most relevant studies on respiratory irritation are
summarized in table 5.11.

A survey of 113 workers exposed (214 unexposed) to boron oxide and boric acid in a borax mining and
refining plant (Boron, California facility) was conducted by Garabrant et al. (1984). The mean total exposure
was 4.1 mg/m’ boron oxide or 4.1 mg/m’ boric acid equivalent to 1.3 and 0.7 mg B/m’, respectively. The
dust levels had been measured by collecting total particulate in a closed face filter cassette attached to the
worker’s collar using a PVC filter. Smoking patterns between exposed (41% current smokers) and
unexposed (43% current smokers) were similar. Significant associations were found for respiratory
symptoms and eye irritation which were more frequently reported from exposed workers than from
unexposed. Symptoms were eye irritation, dryness of mouth, nose or throat, sore throat, and reproductive
cough. Due to several limitations of this study (Annex HH I) it cannot be used for DNEL derivations,
however, the results are useful for the weight of evidence approach.

A more detailed analysis of 629 workers in the same plant was presented by Garabrant et al. (1985). This
analysis was based on frequency of acute symptoms in four mean boron dust exposure categories (1.1, 4.0,
8.4, and 14.6 mg/m®). Chronic effects investigated in this study are described in section on chronic inhalation
studies. The particles were composed almost entirely of borax. Acute symptoms showing a significant linear
trend in order of decreasing frequency were dryness of mouth, nose and throat, eye irritation, dry cough,
nosebleeds, sore throat, productive cough, shortness of breath, and chest tightness. The frequency of these
symptoms in the highest exposure category ranged from 5% to 33%. The only symptom reported by 5% or
more of workers exposed to 4.0 mg/m’ was eye irritation; no symptoms were reported by 5% or more of the
workers exposed to 1.1 mg/m’. The pulmonary function findings were not significantly affected by exposure
to boron. Chest X-rays did not show abnormal regions indicative of boron exposure. Borax dust causes
respiratory irritation that produces chronic bronchitis (LOAEL was considered to be 4.5 borax mg/m’) or 0,6
mg B/m’) with no impairment of pulmonary function. One major limitation of the study, which was also
stated by the authors themselves, was that no information on minimum exposure necessary to produce
irritation was given. The study is therefore not used for DNEL derivation, but can be used in a supportive
way.

Wegman et al (1991, 1994) conducted a prospective cohort study to examine work-related acute irritative
effects as well as chronic pulmonary function abnormalities in mining and processing plant workers exposed
to boron dust (Table 5.11). The part on long term effects is described under section chronic inhalation
studies. The un-published report was finalised in 1991 and the results were published later by Wegman et al.
(1994).

Borax in this study refers to any one or mixtures of disodium tetraborate decahydrate, disodium tetraborate
pentahydrate and disodium tetraborate anhydrous. To account for the fact that both borates and nonspecific
dust may have irritant properties, exposures were presented in the basis of boron content of dust samples.
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This approach was further evaluated and supported by Woskie et al. (1994). It is a good surrogate parameter
for exposure to borates. A total boron level of 0.05 mg/m’ could not be differentiated from control.

Since irritation of the eyes nose and throat may be caused by particles in the non-respirable size range, the
MINIRAM real-time monitor (Miniature Real-time Aerosol Monitor) had to be calibrated to measure “total”
dust, composed of inhalable, respirable (alveolar) and thoracic dust. Two types of personal exposure data
were collected for each subject in this study. The first type of personal exposure was measured with the
MINIRAM monitor and the second type of personal exposure was daily TWA dust and boron concentration
collected by a “total” dust filter in-line with the MINIRAM sensing chamber. The MINIRAM monitor was
used in conjunction with a data-logger system. This device permitted each subject to record the actual time
of symptom onset by adding a mark to the exposure monitor each time they experienced an acute irritant
symptom. Additionally, in hourly surveys, technicians asked whether the marker had been used, and if so, for
what symptom.

The following acute respiratory symptoms were investigated to establish dose-response-relationships: nose,
eye and throat irritation; sneezing; nose bleeds; coughing and breathlessness. A severity scale with 13
categories was introduced and provided reproducible and reliable results. 65% of the symptoms had a
severity rank of 2 or less (“fairly little”, or “less”), approximately 30% were “moderate”, and approximately
5% with a ranking of 4 “pretty much” or greater. Exposed subjects experienced more frequent irritations than
unexposed. Among the exposed workers, non-smokers had higher rate ratios than smokers for nasal and eye
irritation, and lower ratios for throat irritations, cough, and breathlessness.

Average daily exposure (6-h time weighted average) for the exposed group was 5.72 mg/m’ of total dust
(0.44 mg/m’ B); 79% of the group had daily exposures higher than 1.0 mg/m’ of total dust. The majority of
exposures were between 1.0 and 10.0 mg/m’ of total dust. A total of 68% of the exposed subject-days
included at least one 15-min interval in which exposure exceeded 10.0 mg/m’ of total dust. The analyses of
the incidence and severity of irritant symptoms indicate that exposure-response relationships are present for
each of the specific symptoms. The exposure — response trends were statistically significant (p < 0.05),
except for eye irritation (based on total dust). In comparison to control group exposed subjects had a rate
ratio (RR) for nose irritation (RR 8.8), eye irritation (RR 5.2), throat irritation (RR 2.9), breathlessness (RR
7.1) and coughing (RR 1.7). The most striking difference was for nasal irritation where 23% of the exposed
group reported at least two incident symptoms as compared to none of the unexposed.

Correlations persisted after taking account of smoking, age and the presence of common cold. Multi-
responders in the study were thought to be more sensitive, but actually they were younger and had a
significant higher exposure than the others. Differences in sensitivity were further investigated by Woskie et
al. (1998). The exposure response analysis is based on incident, rather than on prevalent symptoms. As
reported by the authors of the study the exposure measur