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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS
SUBSTANCE OF VERY HIGH CONCERN

Substance Name: Boric acid
EC Number: 233-139-2/ 234-343-4
CAS number: 10043-35-3/ 11113-50-1

» Itisproposed to identify the substance as an SYHC according to Article 57 (c).

Summary of how the substance meets the CMR (Cat 1 or 2), PBT or vPvB criteria, or is
consider ed to be a substance of an equivalent level of concern

Pursuant to the first ATP to Regulation (EC) No 2/2D08 (Commission Regulation (EC) No
790/2009) as of 1 December 2010, boric acid willliseed in Table 3.2 (the list of harmonised
classification and labelling of hazardous substarfcem Annex | to Directive 67/548/EEC) of
Annex VI, part 3, of Regulation (EC) No 1272/20@8 toxic to reproduction categor; 2

Therefore, this classification of the substanc€ammission Regulation (EC) No 790/2009 shows
that the substance meets the criteria for classifin as carcinogen in accordance with Article 57
(c) of REACH.

Registration number (s) of the substance or of substances containing the substance:

1 Regulation (EC) No 1272/2008 of the European Ramdint and of the Council of 16 December 2008 ossiflaation,
labelling and packaging of substances and mixtae®nding and repealing Directives 67/548/EEC &#@DM5/EC,
and amending Regulation (EC) No 1907/2006.

2 This corresponds to a classification as toxiceforoduction 1B in Annex VI, part 3, Table 3.1 ofgRkation (EC) No
1272/2008 (list of harmonised classification araeliing of hazardous substances) as amended bi'tA&P to (EC)
No 1272/2008.
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JUSTIFICATION
1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Boric acid

EC Name: Boric acid
CAS Number: 10043-35-3/11113-50-1
IUPAC Name: Boric acid
12 Composition of the substance
Chemical Name: Boric acid
EC Number: 233-139-2 / 234-343-4
CAS Number: 10043-35-3/11113-50-1
IUPAC Name: Boric acid
Molecular Formula: BkO3
Structural Formula:
OH
OH——B
OH
Molecular Weight: 61.83 g/mol
Typical concentration (% w/w): > 99 % wiw

Concentration range (% w/w): 95 — 100 % w/w
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1.3

Physico-chemical properties

Table 1: Summary of physico- chemical properties

REACH ref
Annex, 8§

Property

IUCLID
section

Value

[enter
comment/r efer ence
or delete column]

VI, 7.1

Physical state at 20°C and 101|.

kPa

3.1

solid

Merck, 1983

VI, 7.2

Melting/freezing point

4.2

No melting point can be
defined in the range

25- 1000°C due to the
decomposition of the
substance.

Cordia et al., 2003a

VII, 7.3

Boiling point

4.3

not required (due to the
decomposition of the
substance)

VI, 7.5

Vapour pressure

4.6

not required (due o th
decomposition of the
substance)

VI, 7.7

Water solubility?

4.8

49.20 +0.35 g/l at
20 + 0.5°C (Cordia, 2003)

47.2 g/l at
20°C (Mellor, 1980)

Cordia et al., 2003a
Mellor, 1980

VIl, 7.8

Partition coefficient n-
octanol/water (log value)

4.7 partition
coefficient

-1.09 + 0.16 (22+ 1°C)

Cordia et al., 20034

IX, 7.16

Dissociation constafit

4.21

Boric acid is a Lewis acid
(hydroxide ion acceptor)
rather than a Brgnsted aci
(proton donator). For this
purpose the formula for
boric acid is best written a|
B(OH)s.

pKa = 9.0 at 25°C for bori¢

acid in dilute solutions
only (B<0.025 M).

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

d

Ingri, 1963

VII, 7.4

Relative Density

4.4

B*=1.489 + 0.006

Cordia et al., 20034

VI, 7.6

Surface Tension

4.10

not applicable

Thermal stability”

4.19

Boric acid is stable up to
approximately 75°C.

Cordia et al., 2003b

1) If heated above 100°C water is lost and borid aonverts initially to metaboric acid (HBJCand on further heating

forms boric oxide (BOs).

2) The difference between the determined water dalfCordia et al., 2003a) and the literature ea(iellor, 1980)

could be explained by the fact that the two proteeethods used in each case were different.
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3) Although not required as this is an inorganicssabce, an end point has been derived in Cordih,€&2003a.
4) At low boron concentrations 80.025 M) the following equilibrium is found

B(OH); + 2H,0 <> [B(OH),]” + H;0"
pKa=9.0at 25 °C

Although at these concentrations, boric acid existandissociated boric acid B(QH

pH < 5, whereas at pH > 12.5 the metaborate ion -[B{OHpecomes the main species in solution. Both sgemie
present at pH 5-12.5 at concentrations @025 M.

At higher boron concentrations (B > 0.025 M) an Baum is formed between B(OK|)polynuclear complexes of
B305(OH),, B,Os(OH),*, BsO3(OH)s", BsOs(OH), and B(OH).

In short: B(OH) < polynuclear anions» B(OH),.

Again, at pH<5, boron is mainly present at B(@kid in alkaline solution at pH>12.5, boron is rhapresent as
B(OH),. At in between values (pH 5-12) polynuclear aniorsfaund as well as B(Okland B(OH)'.

The dissociation constant depends upon temperadunie,strength and presence of group | metal {dfes K, Cs).

In the presence of metal ions (e.g. Na, Mg, Ca)amgomplexes are formed, which further reduce the
undissociated boric acid concentration:

M™ + B(OH), < MB(OH),""*

These ion pair complexes are expected to be presentutions of disodium tetraborate, disodiumabarate and
buffered solutions of boric acid and boric oxide.

5) Surface tension is not expected for inorganixsgances.

6) It dehydrates on further heating to form metéabacid and then boric oxide:
B(OH);— HBO,+ H,O (Temperature range 120 to 180°C)
HBO,— 0.5 BOs+ H,O (Temperature range 180 to ~400°C).

Boric oxide and metaboric acid will convert to baaitid on contact with water or on exposure to maist a

Rapid heating to ~250°C may cause boric acid tmfarhighly viscous liquid whose composition lieswren
HBO,and BOs. Under these conditions, a small quantity of baditl can evaporate with the evolved water vapour.
This will be visible as white fumes of condensed baxid as the gas cools.
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2 MANUFACTURE AND USES

Not relevant for this type of dossier.
3 CLASSIFICATION AND LABELLING

3.1 Classification According to thefirst ATP to Regulation (EC) No 1272/2008

Pursuant to the first ATP to Regulation (EC) No 2/2D08 (Commission Regulation (EC) No
790/2009) as of 1 December 2010, boric acid willliseed in Table 3.1 (list of harmonised
classification and labelling of hazardous substanoé Annex VI, part 3, of Regulation (EC) No
1272/2008 as follows:

Index Number: 005-007-00-2

Repr. 1B

H360FD (May damage fertility. May damage the unbairitd.)
Specific Concentration limits: Repr. 1B; H360FD=G.5 %

According to the first ATP to Regulation (EC) No7P22008, the corresponding classification in
Annex VI, part 3, Table 3.2 of this Regulation (B@) 1272/2008 (list of harmonised classification
and labelling of hazardous substances from AnnexDirective 67/548/EEC) will be as follows:

Index Number: 005-007-00-2
Repr. Cat. 2; R60-6IMay impair fertility. May cause harm to the unbaimild)
Specific Concentration limits: Repr. Cat. 2; R60-6& 5.5 %

3.2 Self classification(s)

None

3 Regulation (EC) No 1272/2008 of the European Bamint and of the Council of 16 December 2008 ossifiaation,
labelling and packaging of substances and mixtae®nding and repealing Directives 67/548/EEC #8®#DM5/EC,
and amending Regulation (EC) No 1907/2006.
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4 ENVIRONMENTAL FATE PROPERTIES

Since this is a dossier targeted to the identificabf Boric acid as a CMR substance, environmental
fate properties have not been considered.
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5 HUMAN HEALTH HAZARD ASSESSMENT

Information on hazard to human health relevanttiier assessment as to whether boric acid meets
criteria of Article 57 of the REACH-Regulation isguided in section 2 of this report (classification
information).

Supplementary information on the toxicological pdmes of boric acid, which could be relevant
for risk assessment, comparative assessment ofhatitee substances, or for priority setting in the
context of recommending substances for the ‘Aufation List’ (Annex XIV of the REACH
Regulation) can be found in Annex 1 to this report.

6 HUMAN HEALTH HAZARD ASSESSMENT OF PHYSICO-CHEMICAL
PROPERTIES

Not relevant for this type of dossier.

7 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant for this type of dossier

8 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMENT

Not relevant for this type of dossier.
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INFORMATION ON USE, EXPOSURE, ALTERNATIVESAND
RISKS

1 INFORMATION ON EXPOSURE
1.1 Consumer Exposure

1.1.1 Information from Product Registers

Use categories communicated to the Swedish Prdriegister for boric acid in 2008 (CAS Nr. 10043-
35-3 and 11113-50-1, KEMI 2009) include:

» biocides and preservatives (biocides for human dngi disinfectants and other biocidical
products used in private and public spaces, woedegpvative, preservatives for textile, paper,
leather, rubber and polymerised materials),

» dental products, veterinary medicines,

+ food and fodder additives,

 raw materials (for glass and ceramics, for pharmécas, for production of rubber,
intermediates that are not mentioned elsewhersg bés,

» fertilisers,

» flame retardants,

» detergents, cleaners, stain removers, other denardtion agents,

» paints (including paints with anti-corrosive andnpgs with flame retardant effects for interior
use), pigments for paints and inks, adhesives (viteed, for industrial use) and binders, putty,
concrete hardener, fireproof cement and concrete,

» fluxing agents for welding, for soldering and foalganisation, coolants and lubricants
(including lubricants for metal processing andriemoving metal chips when milling), lubricant
additives, soldering metals, soldering productstiray oil, rolling oil, cast compounds, grinding
fluids, hardeners for metal, non-electrolytic metalatings, metal surface treatment agents,
galvano-technical agents, degreasing agents, conrashibitors, rust preventive agents, rust
removing agents,

* Dbrake fluids, transmission mediums, hydraulic fjidefrigerants, cooling medium, material
insulating from electricity, inhibitors (protectigas, inert gas)

» catalysts, electrolytes, laboratory chemicals, ipr&mnts, pH-regulating agents, viscosity
regulating agents, paper manufacture chemicaldacrtreatment products for non-metal,
photochemicals (film and other developers, fixatjvahers)

Consumer use with boric acid weight concentrat®iss% was only communicated for other soldering
products, film developer and raw material for phaceuticals. Consumer use with Boric Acid weight
concentrations <= 5.5% was reported for fertilisstain removers, fluxing agents for solderingkiera
fluids and transmission mediums, hydraulic fluidgter based paint with flame retardant effect for
interior use, film developers and fixatives for pdgraphic film, veterinary medicines, disinfectaatsl
other biocidical products used in private and pulsipaces, biocides for human hygiene and wood
preservatives.

53 Products with boric acid have been identifiethim Swiss Product Register, mostly biocides (FOPH
2009). Soldering products contained between 20%4&3d boric acid, fertilisers, photochemicals and
soaps and laundry detergents contained below 5% &oid.

10
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1.1.2 Information from the Transitional Dossier and the RPA report

Consumer Exposure to boric acid has been addressedtly by the Transitional Dossier for boric acid
(CAS 10043-35-3) (ECHA 2008a), which also focusesdsodium tetraborate anhydrous (CAS 1330-
43-4), disodium tetraborate pentahydrate (CAS 124/93) and disodium tetraborate decahydrate
(CAS 1303-96-4). According to this dossier, boroedais used in a wide range of consumer products
due to its consistency-influencing, flame-retardantl preservative properties, for example glass and
glass fibres (insulation and textile fibre glassydsilicate glass, refractories), ceramics (glard a
enamel, tile bodies), starch and casein adhedieese retardants (wood products, cellulose insoitgti
cotton battings in mattresses/futons, fabrics amgep), fertilisers, personal care products (cosrseti
toiletries, pharmaceuticals), biocides (wood pres@res, non professional and professional remedial
products), wallboard (plasterboard), paints, wateatment chemicals and fuel additives. Quantiativ
consumer exposure assessments were provided fos@rgs to glass wool (during insulation activitjes)
ceramic ware, detergents and fertilisers. A riskrahterisation assessment for boron exposure via
consumer products was not derived due to the lacKarmation on other consumer uses, like cellalos
insulation, motor oil and non-biocide use in swimgipools. A need for further information was
concluded: “The RPA report was not available attitme of the submission of this dossier. This répor
is expected to provide information on consumer exyp®. Therefore, minimal data are available on
consumer exposure. In the event that the RPA rejo@s$ not contain sufficient information, additibna
consumer exposure information and data will be irequif those uses are to be supported by the
REACH registration dossier. “

The RPA report (RPA, 2008) on borates in consumedyxrts has been carried out on behalf of the
European Commission. It covers boric acid and abmrrmof other boron compounds, principally boric
oxide, sodium borate and sodium perborate, whisb Bhve been classified as Reprotoxic Category 2.
The study approach involved a review of the relévaarature and consultation with the relevant
industry stakeholders in the EU in order to idgntiife range of uses for borates. After exclusionsas
covered by sectorial legislation like Plant PratettDirective, Biocidal Product Directive, Cosmetic
Directive, Food Supplements Directive and Medicifabducts Directive and considerations on
likelihood of consumer exposure, a shortlist ofsugas derived for further evaluations. This shstrtli
included “uses with potential for significant degref exposure” (fertiliser mineral, soaps and
detergents, other chemical products: anti-freekdsjcants, brake fluids, metalworking fluids, wate
treatment chemicals, fuel additives), “uses witleptial for possible exposure” (adhesives, paper an
pressed panel, paints and coatings, mattressesusesl in glass”. The potential of consumer expasur
was compared to the tolerable upper intake levk) for boron derived by EFSA (EFSA, 2004), which
was not surpassed by any single consumer use. é4atgd exposure from different consumer uses was
not in the scope of the RPA report.) Quantitativpasure estimates were provided for fertilisers,
detergents, mattresses and starch adhesives. fibeustes were discussed on the basis of plaugibilit
argumentations. For example, according to the Répbnt, the products identified as examples for data
gaps on consumer exposure to boron in the TranaitiDossier (cellulose insulation, anti-freeze kisra
fluids, motor oil, and non-biocidal use in swimmipgols) will lead to negligible consumer exposure,
because they will be handled by consumers onlynoocaasional (less than weekly) basis. As necessary
background information like the boron content s products is not present, this conclusion nbght
not valid and more details are necessary to supipen.

In the following, consumer exposure estimates feamgle uses of boric acid are discussed, including
uses with quantified exposure estimates from ECRX08a) and RPA (2008). As the vapour pressure
of boric acid is negligible, inhalation exposureidy expected from uses in particles or aerosols.
According to ECHA (2008a) full absorption of boacid may be supposed for oral and inhalation
routes. For dermal absorption an estimate of 05gtvien, which is mainly based on mean absorption
in the in vivo part of the study from Wester et(4B98). This absorption is used in the following
calculations, but caution should be given to tle, fdnat these results do not apply to damaged akich

11
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that even in intact skin there may be a great bditya of dermal boric acid absorption. Moreovéret
Committee for Risk Assessment the European Chesigggncy (RAC) is currently discussing an
opinion on the use of boric acid and boron compsunghotographic products for consumers, which
will also cover dermal absorption of borates. Thaes the following consumer exposure calculations
might need a revision after the publication of R&C opinion.

1.1.3 Consumer usesunder the scope of REACH
1.1.3.1 Detergents

According to HERA (2005), boric acid is used iruiid laundry products in concentrations up to 1% and
in automatic dishwashing liquids in concentratiopsto 2%. The following assessments for systemic
exposure to boric acid from dermal contact to dgets have been provided by HERA (2005). Dermal
boric acid intake was calculated as the absorbeteno ofa thin layer of 0.01 cm thickness on the
exposed skin surface area, usengalue of 0.4% for dermal absorption in 24 houesivéd from
Wester (1998) and adapting this value to the maonter daily exposure times.

For the calculation o$ystemic boric acid exposudtie to hand laundry washing, contact time was
assumed as 10 minutes, exposed surface as 198Manas and forearms), frequency of tasks per
week as typically 4 and maximum 10, boric acid emiation of the diluted product as 0.1 mg/ml,
body weight as 60 kg.

Pre-treatment of laundry with the neat product fierodone in order to remove spots from the
clothes. For the calculation eystemic boric acid exposudeie to laundry pretreatment, contact time
was assumed as 10 minutes (worst case), expodadesas 840 cm? (hands), frequency of tasks 1
per day (worst case), boric acid concentratiorhefrieat product as 10 mg/ml, body weight as 60

kg.

For the calculation adystemic boric acid exposudelie occasional misuse of liquid laundry detergent
for dish washing, contact time was assumed as 4bites (worst case), exposed surface as 1980
cm? (hands), frequency of tasks as 1 per week (vease), boric acid concentration of the diluted
product as 0.02 mg/ml, body weight as 60 kg.

Table 2: Exposure estimatesfor household cleaning products, adopted from HERA (2005)

Scenario Worst case Typical case
mg /kg bw/day mg /kg bw/day
Boric Acid Boron Boric Acid Boron
Hand laundry 1.30E-06 2.30E-07 5.00E-07 1.00E-07
washing
Laundry 4.00E-05 7.00E-06
pretreatment
Misuse of 8.00E-07 1.50E-07
product for hand
dishwashing

12
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1.1.3.2 Fertilisers

No representative data have been published on bertt contents in fertilisers. According to ECHA
2008a, fertilisers for consumer use generally daan@02% boron as a concentrate solution or as
granules and 0.2 ppm boron in the diluted finalkh@y solution. In our research, similar boron coige
were found in fertilisers for consumer use. Conedians in a diluted mixture were 2-7 ppm (Compo
2009). Boric acid concentrations in fertiliser kiavere <1% (Scotts 2005).

RPA (2008) gives boron contents of 2% to 14%, singsthat in some geographic regions, farmers
constitute a considerable portion of the local gainpopulation, and the purchase of fertilisers is
generally open to both, professional farmers aedggmeral public. The authors assessed an occhsiona
oral exposure of 10 mg boron/day from fertilisénsour research, boric acid fertilisers for profesal

use with boron contents up to 17.4% were found éBedrbesserungs-GmbH, 2009). But use of these
agricultural products by the general public may mhet very likely, because it requires special
agricultural machinery. Moreover, fertilisers witiot be ingested in pure form under normal use
conditions.

For a diluted fertiliser solution with a boron cent of 5 ppm spilled on the area of one hand (488 c
according ConsExpo General Fact Sheet, RIVM 2008)orse case dermal exposure can be calculated
using equations 15-5, 15-6 and 15-7 from ECHA Guoigaon consumer exposure estimation (ECHA
2008b). Assuming weekly use, a thickness of therlay the hand of 0.01 cm, 0.5% dermal absorption
and 60 kg body weight, a worst case dermal expasiuteSE-6 mg boric acid/kg bw/day or 2.6E-7 mg
boron/kg bw/day can be derived. Typical exposuoenfispilling drops is assumed to be one order of
magnitude lower.

Boron intake from hand mouth contact to fertiligeisoil may be possible for playing children of 1-4
years. As soil concentrations of fertiliser are kobwn, a boron concentration of 5 ppm in a diluted
fertiliser mixture is used as a rough estimatioblHA(1995) gives an upper estimate for soil intajel b
to 4 year old children of 100 mg/day and a media®0omg. On this basis, for a child with 10 kg body
weight a worst case oral exposure of 2.9E-4 mgchaxeid/kg bw/day or 5E-5 mg boron/kg bw/day and
a typical oral exposure of 5.7E-5 mg boric acidiwg/day or 1E-5 mg boron/kg bw/day can be
calculated.

1.1.3.3Toys

Boric acid is used as a component in slimy toysi¢@atrations up to 8% were reported in “silly putty
which has properties of a cross between play daumgha rubber ball. Playing children may be exposed
to boric acid from “silly putty” by the oral andeldermal route.

Release of boric acid in the stomach by stomacti fiom an ingested 17-g-package of “silly putty”
with 8% boric acid has been simulated accordingb71-3 (1h in 0.07 N HCI at 37°C after cutting
into cubes of 5 mm edge length), which resultshim telease of up to 0.442 g boric acid or 0.078 g
boron (BfR, 2005). If a 20 kg child swallowed aamthlly the contents of a commercial 17-g-package
of “silly putty”, this release would result in a v& case oral exposure of up to 22.1 mg boric kgid/
bw/day or 3.9 mg boron/kg bw/day. A typical ingestwould be comparable to the assumption of 1 g
for modelling clay in the ConsExpo Toys fact ShgdvM 2002), resulting in an oral exposure of up to
1.3 mg boric acid/kg bw/day or 0.227 mg boron/kdday.

Up to 100 mg boric acid corresponding to 17.4 mgphavere released from a 17-g-package of “silly
putty” into artificial sweat in a test according N 53160-2 (1 h shaking at pH 6.5 and 37°C, BfR,
2005). This simulation result may be used as amas# for external dermal exposure to the hands of
playing child. With an uptake fraction of 0.5% thgh intact skin (ECHA 2008a) and 20 kg body
weight, an exposure of up to 0.025 mg boric acidikgday or 0.036 mg boron/kg bw/day can be
calculated.

13
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1.1.3.4 M attr esses

Boric acid is used as a flame retardant in the \weag¢br cotton batting) of mattresses, futons atieo
upholstered furniture. The boric acid concentratiothe cotton batting is typically 10% (RPA, 2008)
In a study for industry, Murray (2005) providedw@gper bound estimate for systemic boron exposure of
0.013 mg/day for adults (corresponding 0.0002 mgAk¢day for a 60 kg person) and 0.140 mg/day for
children (corresponding 0.014 mg/kg bw/day for &fhild). CPSC (2006) calculated systemic boron
exposures of 0.081 mg/day for adults (corresponthin@ 00135 mg/kg bw/day for a 60 kg person) and
0.088 mg/day for children (corresponding to 0.06¢flkg bw/day for a 19 kg child).

1.1.3.5 Cellulose I nsulation

Boric acid is used as a flame retardant (with &swicide properties) in cellulose insulation mater

In this application, shredded post-consumer redyplaper is mixed with boric acid, other borates or
with a mixture of boric acid and other borates. Tésulting product is blown into attics and in ¢gvi
walls. As this work requires special knowledge aadipment, it is normally not supposed to be done
by non-professionals. However, in a study on peabkdust monitoring in construction work, manual
installation of cellulose insulation was documenteith respirable particle concentrations of 2.75
mg/m3 (BTU 2000). With a boric acid concentratioh586 with another 5% disodium decaborate
(Seppele 2009), 0.3 days exposure time, 60 kg laght and an inhalation rate of 33 m3/day (default
for a 60 kg person at light exercise according RI2805) an inhalation exposure of 0.004 mg boron/kg
bw/day from 0.023 mg boric acid/kg bw/day can biuwated. Another 0.0025 mg boron/kg bw/day
derives from disodium decaborate. This kind of comsr exposure will be limited to occasional
projects.

1.1.3.6 Glass Wool I nsulation

According to the ECHA, 2008a boron content in glassl is 5% as BO; or 1.5% as B, with maximal
contents of 12% as,B; (3.6% as boron). In residential buildings, ingtdos and offices the levels of
respirable glass fibres are negligible under nomunsal conditions. Non-occupational consumer exposure
may occur during do-it-yourself installation or rewal of glass wool insulation. Fibre concentrations
during glass wool insulation work typically rangetiveen 0.003 and 1 fibre/cm3 (for a more in depth
discussion see ECHA, 2008a). Based on a critiesadweof studies on exposures to man-made vitreous
fibres (IARC, 2002), Jensen (2009) calculated &ydaiposure based on a total work day (8 hours) at
the occupational limit value of 1 fibre/cms3, 100&tantion and 100% solubility of the retained fibires
the lungs. Boron exposure was 0.03—0.06 mg foeéilwith a boron content of 1.5% (0.08-0.16 mg for
fibres with a maximum boron content of 3.6%). Assugr60 kg body weight, the daily boron exposure
of 0.03-0.06 mg equalizes 0.005-0.01 mg/kg bw/dayupper limit fibre concentration was used for
this calculation and consumer exposure will tygiche limited to home improvement projects of about
5 days.

1.1.3.7 Photogr aphic applications

Consumer health risks froboric acid and its compounds in photograppelications are the subject
of a request by the European Commission to the Gtieenfor Risk Assessment of the European
Chemicals Agency (RAC) according to Art. 77 of REACH regulation. The RAC opinion still was
not adopted at the time this dossier was finalised.

1.1.3.8 Other products

According to RPA (2008) and ECHA (2008a) boric addwidely used in lubricants, metalworking
fluids, water treatment chemicals including swimgnpool treatment and fuel additives, and some of
these products are placed on the market for ustdygeneral public. Use of boric acid in lubricants
may include patented use of boric acid with a alydimension of 0.1-40 microns (Erdemir 2000).
Consumer exposure to such boric acid nanopartinkeg be possible through spilling and hand mouth
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contact to fuels, motor oils and greases. Quamngtahformation on consumer exposure from thesas use
is still lacking.

1.1.3.9 House dust

House dust represents an aggregate of boron expésumn various sources. No recent data on boron
content in house dust were found. In a represeetatiudy on settled dust in 3282 living rooms, a
median dust sink rate of 4.52 mg/m?/day and a mmetharon sink rate of 0.13 pg/m?/day were

determined (Umweltbundesamt, 2001). These boroteatsimay derive from different natural sources
and from boric acid and borates in products. Fb0 &g child ingesting 100 mg house dust per day by
hand mouth contact a worst case external expoguded003 mg boron/kg bw/day can be calculated
from these values. The typical case would be ingesif 20 mg house dust per day, leading to an
external exposure of 0.00006 mg boron/kg bw/day.

1.1.4 Consumer Productsunder Sectoral Regulation
1.1.4.1 Cosmetics

According to Annex Il of the Cosmetics Directive/768/EEC, boric acid is permitted in cosmetic

products at a maximum of 5% in powders, 0.1% irl by@iene products and 3% in other products.

There are no analytical data or other informatiodidating the degree to which these limits are

exhausted. Assuming 100% exhaustion of the linstssumer use patterns in SCCP (2006), use of all
covered cosmetic products by a 60 kg person, aakagdtaction through intact skin of 0.5% and 100%

uptake for lipstick, toothpaste and mouthwash,ré@rnal exposure of 0.1129 mg boric acid/kg bw/day
or 0.0197 mg boron/kg bw/day can be calculated. ¢l@r, as indicated by RPA (2008), use of boric

acid in cosmetics is expected to be prohibited @iog to the Cosmetics Directive, due to its

classification as Reprotoxic 1 B by Commission Ratjon (EC) No 790/20009.

1.1.4.2 Food Contact M aterials:
Glazed Ceramic Ware

Based on data from a study on metal migration frglazed ceramic ware by the Food Standards
Agency (Bradley and Castle, 2003), the TransitioDaksier (ECHA 2008a) provides an exposure
calculation using a maximal use assumption of iteisesd for eating and drinking (plates, bowls and
cups) once each day. For a 60 kg person a maxioranbexposure from glazed ceramic ware of
0.116 mg/day or 0.00193 mg/kg bw/day is calcula#ednore typical boron exposure estimation of
0.017 mg/day is based on weekly use.

Glass

The Transitional Dossier (ECHA, 2008a) cites a wtoial elemental migration from glass in contact with
food (GTS, 2002). The migration of boron into watecetic acid, ethanol, and olive oil from
borosilicate glass, soda lime silica glass and tegstal glass was determined. In most cases, rmbo
was detected above the reporting limit of 0.03 p@nly in one study of 10 samples tested of lead
crystal ware using water, one sample resultedviml@e above the reporting limit (0.06 ppm).

Other food contact materials

The Commission Directive 2002/72/EC relating tosfitamaterials and articles intended to come into
contact with foodstuffs provides a specific migratilimit (SML) for boric acid of 6 mg/kg as boron.
Exhausting this limit, a 60 kg person consuming @ food per day would be exposed to
0.1 mg boron/kg bw/day. There are no analyticahdat other information indicating the degree to
which the SML is exhausted.

15



BORIC ACID ANNEXV DOSSIER FOR THE IDENTIFICATION AS SVHC

1.1.4.3 Biocides

Boric acid has been used on a large scale in l@e@d fungicides and insecticides. It has beeniased
wood preservatives in 0.1-10% solutions to imprégrtanber and in dry rot treatment in 10-15%
solutions. However, as indicated by RPA (2008),scomer use of boric acid in biocides is expected to
be restricted according to the Biocides Directi8&8EC, due to its classification as Reprotoxic bhyB
Commission Regulation (EC) No 790/2009.

1.1.4.4 Mineral Water

For mineral waters, boron contents of 0.75 mg/L gmeand 4.35 mg/L (maximum) have been
determined (Moore 1997, cited in BfR (2006a), BI0@6b) and EFSA (2004)). Assuming a daily
mineral water consumption of 2 L of for a 60 kg dund 100% brand loyality, boron exposures of
0.025 mg/kg bw/day (mean) and 0.145 mg/kg bw/dagx{mum) can be calculated. For a 10 kg child
consuming 1 L of mineral water per day with 100%ardl loyality, exposures would be

0.075 mg/kg bw/day (mean) and 0.435 mg/kg bw/dagx{mum).

1.1.4.5 Food Supplements

Boric acid may be used in different forms and folations as food supplement. The amounts of boron
contained in food supplements as borax or borid acé determined by the individual manufacturers.
According to company dossiers, daily intake fromidacid and borax in food supplements is normally
in the range of 1-3 mg boron (up to 0.05 mg/kg layjdor a 60 kg person, with unlimited duration as
the normal recommended dose of boron for self-ielecHowever, products were available over the
counter in EU Member States leading to daily insagEup to 9 mg boron (higher daily quantities are
prescribed by nutritional practitioners to consusnander supervision at levels of up to 9 mg/daghd~
supplements for bodybuilders may possibly lead @ximum boron intakes of up to 30 mg/day
(0.5 mg/kg bw/day) for a 60 kg person, BfR 2006a.

1.2 Indirect exposur e through the Environment
1.2.1 Exposur e through diet

According to EFSA (2004), data on boron intake urdpe are limited. Boron intakes in adults in the
UK have been estimated by EFSA (2004) from analgsisamples from the 1994 Total Diet Study
using consumption data from the 1986/87 Dietary &hdritional Survey of British Adults as
1.5 mg/day (mean) and 2.6 mg/day (97.5 percenti®y. a 60 kg person, these intakes would
correspond to 0.025 mg/kg bw/day (mean) and 0.0¢&grbw/day (97.5 percentile).
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2 INFORMATION ON ALTERNATIVES

No information on alternatives.

3 RISK-RELATED INFORMATION

No information on risks.

4 OTHER INFORMATION
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6 ABBREVIATIONS

GD Gestational day

LOAEL LowestObserved Adverse Effect Level
NOAEL No Observed Adverse Effect Level
PND Postnatal day
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ANNEX 1

Toxicokinetics (absor ption, metabolism, distribution and elimination)

The toxicokinetics of boric acid has been invesadaby different uptake routes (oral, dermal,
inhalation) in various animal species as well asumans.

Absorption of boric acid via the oral route is rgat00%. For the inhalation route also 100%
absorption is assumed (based on animal studiesrpextl with boron oxide (Wilding et al., 1959)).
Dermal absorption though intact skin is very lowr Fisk assessment of borates a dermal absorption o
0.5% is used as a realistic worst case approachc Baoid is not further metabolised. Boric acid is
distributed rapidly and evenly through the bodythwaoncentrations in bone 2 - 3 higher than in othe
tissues. Boron is excreted rapidly, with mean elation half-lives of 1h in the mouse, 3h in theaatl
13.4 h in humans (range 4 — 27.8 h), and has lotenpial for accumulation. Differences in renal
clearance are the major determinant for the obdespecies differences. Boric acid is mainly exatete
in the urine (ECHA, 2008a).

From a poisoning case with boric acid in a pregmvamtnan it could be deduced, that boric acid (or
borates in general) is able to cross the placéteallg et al., 1976).

Table3: Summary of toxicokinetics of boric acid (taken from ECHA (2008a) with minor
modifications)

Absorption Rapidly and virtually completely absaiti®y the oral route

Very low absorption through intact skin.

Distribution Rapidly distributed through body wateno accumulation in tissues.
Concentration in bones 2-3 times higher than iewtissues.

Metabolism No metabolism. Presence in whole bloathiy as boric acid

Excretion Excreted almost exclusively in the urine.

Half-life up to 27.8 hours in humans, 3h in theaatl 1h in the mouse

Repeated dose toxicity

Repeated dose toxicity: oral

Boric acid has been investigated after subchronat ehronic administration to rats, mice and dogs
(NTP, 1987; study summaries in ECHA, 2008 and Vded Fisher, 1972). Although not all of these
investigations comply with current test guidelimesGLP principles, the investigations identify the
haematological system and the testes as the m@atsaof toxicity of boric acid. These results are
further supported by investigations with other besge.g. disodium tetraborate decahydrate).

Key repeat dose studies on boric acid are sumnthiiz€éable 3. The dosage in mg/kg was indicated as
boron mg/kg bw/d since the boron ion is the toxagadally significant chemical species.

Although not conforming to modern protocols, dataseveral effects can be obtained from a 90 day
study in Sprague-Dawley rats fed 0, 52.5, 175, 8250, 5250 ppm boric acid equivalent to 0, 2.8, 8.
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26, 88 and 260 mg boron/kg bw/day (10 males anféh@les per group). All animals that received the
highest dose died by week 6. Animals at the top tleses displayed rapid respiration, hunched
position, bloody nasal discharge, urine stainshenatbdomen, inflamed eyes, desquamation and swollen
paws and tail. These animals exhibited reduced éodumption and body weight gain. At 88 mg B/kg
bw/day, in females, reduced weight of livers, spgeand ovaries were observed, while for males only
the kidney and adrenal weights were reduced. Thenatk in 4 males at 88 mg B/kg bw/day displayed
minor increases in lipid content and size of thksda the zona reticularis. All the male rats &ti@g
B/kg bw/day had atrophied testis, a histologicatiynplete atrophy of the spermatogenic epitheliuoh an
a decrease in the size of the seminiferous tub@es. male at 26 mg B/kg bw/day exhibited partial
testicular atrophy. Although, testicular atrophyaiso occasionally seen in young and old un-treated
Sprague-Dawley rats (Aleman et al.,, 1998), the wlesk effects, one third of the tubules was
completely atrophic, while the rest presented aasarof spermatogenesis usually in the spermatocyte
stage, were judged adverse. The NOAEL was detethtimée 8.8 mg boron/kg bw/day (Weir, 1962
(summarized in ECHA, 2008 and Weir and Fisher, 1972

In a 2 year feeding study on boric acid in SpraDaevley rats, testes and blood were identified as
major target organs (Weir, 1966a (summarized in BC2008a and Weir and Fisher, 1972)). Rats were
dosed with 0, 670, 2000, and 6690 ppm boric adggjvalent to 0, 33, 100, 334 mg boric acid/kg
bw/day (equivalent to 0, 5.9, 17.5 and 58.5 mg bixg bw/day). Clinical signs included coarse hair
coats, hunched position, and inflamed bleeding,edesquamation of the skin of the tail and the pdds
the paws which were also swollen, marked respiatovolvement, as well as reductions in body
weight were observed in males and females of thledst dose group. Further the scrotum of all males
of the high dose group was of shrunken appearddeereased red cell volume and haemoglobin were
observed in rats treated with boric acid. Blood gleswere taken after 1, 2, 3, 6, 12, 18 and 24thson
The observations on haematology over time werahedys consistent; however, at the end of the study
the values in all dosed animals were reduced cosdgarcontrol.

Therefore, in the present studies the inconsistenéound after two years can be regarded as
coincidental and do not allow a conclusive intet@ien. A more in-depth discussion on the
haematological findings of this study is given iGHA (2008a).

Testicular atrophy and seminiferous tubule degeiweravas observed at 6, 12 and 24 months at the
highest dose level. Microscopic examination of tissue revealed atrophied seminiferous epithelium
and decreased tubular size in the testes. No effeete observed in control, low and mid dose groups
Based on the testicular atrophy and the haemat@bgffects observed at the highest doses tesé&d (6
ppm boric acid) a NOAEL for chronic effects equallZ.5 mg boron/kg bw/day (equivalent to 100 mg
boric acid /kg bw/day) can be derived.

In a mouse study carried out for 13/16 weeks, BACB#kce were fed diets containing 0,1200, 2500,
5000, 10000, 20000 ppm boric acid, equivalent td®4, 405, 811, 1622, 3246 mg boric acid/kg
bw/day (corresponding to 34, 71, 142, 284, 568 g Bw/d) in males and 0, 169, 560, 1120, 2240,
4480 mg boric acid (mg boron)/kg bw/day (correspogdo 47, 98, 196, 292, 784 mg boron/kg
bw/day) in females. At the highest dose level (ZDPPmM) 8/10 males and 6/10 females died and 1/10
males from the 10000 ppm group died before the adrttie study. Symptoms included nervousness,
haunched appearance, dehydration, foot lesionsealg tails. A reduction in mean bodyweights was
observed in the 5000, 10000 and 20000 ppm groupsetderatosis and/or acanthosis of the stomach
were observed at the highest dose only, in bothesnand females. Further, extramedullary
haematopoiesis of the spleen of minimal to mildesiy was observed in all dose groups for both sale
and females. The numbers of animals per group wtlisplayed this symptom are as follows: 1/10,
3/10, 5/10, 5/10, 10/10, 1/10 in males and 0/10024/10, 6/10, 10/10, 2/10 in females in the @MA2
2500, 5000, 10000, 20000 ppm groups, respectiv@élgspite the fact that extramedullary
haematopoiesis occurs naturally in mice, there svase response relationship evident. The lower
incidence at the highest dose can be explainecehthdf the animals and their bad general condition
In the absence of any haematology data there idinect evidence of anaemia and since nothing is
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reported on occurrence of haemosiderin it can bemasd that it was not present. The incidencesdn th
low dose group of 3/10 (m) and 2/10 (f) are in taege of historical control data from NTP studies.
This dose could therefore be seen as the NOAELhim study. However, since there is no direct
evidence of anaemia the effects on testes seasas & 5000 ppm are the first adverse effects wbder
and support a NOAEL of 142 mg B/kg bw/day (NTP, 208

Testicular atrophy with some interstitial cell hypl@sia was observed in the top dose in a US Nailtion
Toxicology Program (NTP) bioassay in B6C3F1 micd & 2500, 5000 ppm in food for 2 years
equivalent to 0, 446 and 1150 mg boric acid/kg lay/cequivalent to 78.1 and 201.3 mg boron/kg
bw/day. Splenic extramedullary haematopoiesis acoaturally in mice. An incidence was reported in
males as 3/48, 11/49, 10/48, and in females a91Q/434, 7/50 in the control, low- and high-dose
groups, respectively. There is no other mentiomiscussion about extramedullary haematopoiesis in
the rest of the report, so it was not regardednasn@ortant finding. Based on the observed tesicul
effects a NOAEL of 78.1 mg boron/kg bw/day can beawed (NTP, 1987).

The 90 day dog studies on boric acid (reviewed ieirvénd Fisher, 1972) is of limited value and
considered inadequate for risk assessment (see E@B08a), although they support qualitatively that
Boron can cause adverse haematological effectsremtdhe main target organ of boron toxicity is the
testis. 5 female and male Beagle dogs per group desed with dietary levels of 0, 0.01, 0.1, 1.0 %
boric acid equivalent to 0, 0.4, 4.4, and 33 mghtkg/day based on the actual body weight and food
consumption data in the study.

At the mid-dose testes of all males showed anfaattial distortion’ of the outer third of the gland
which might be a substance related effect, sinaeag observed in all males of this dose, but not in
males from control and low dose groups. The spergeatic epithelium was intact at this dose. In the
high dose animals severe atrophy of the testeobserved.

A slight degree of extramedullary haematopoiesis weesent in the spleen of the test animals
somewhat more consistently than in the control aismAt the highest dose haemosiderin was also
present in reticular cells of the liver and splesrd the proximal tubule of the kidney, indicating
increased red blood cell destruction. Additionalydecrease in haematocrit and haemoglobin values
was seen in this group for males and females tteaitd boric acid. A combination of these effedsai
clear indication for increased red blood cell dagion even though all the clinical laboratory fimgls
from blood and urine samples were within normalitsémrand comparable to controls. However, the
blood effects observed (HB, HCT, extramedullary hampoiesis, hemosiderin) are slight and not
consistently dose dependent (for a more in-depicudsion of haematological effects see ECHA
(2008a).

Two 2 year oral toxicity studies in beagle dogsehbeen performed with boric acid and the testeg wer
identified as a main target organ. The study hagnaeficiencies and has been regarded as inadequat
for risk assessment, but does confirm the effests sn other species. Groups of four male dogs were
fed boric acid at doses up to 10.9 mg boron/kg bwi®2.4 mg boric acid/kg bw/day) in one study and
41 mg boron/kg bw/day (233.1 mg boric acid/kg bwjda a second study. The animals were sacrificed
at various time periods such that observations wegrerted on only 1 or 2 animals. At the highestejo
testicular atrophy was observed. Testicular atropay present in three out of four control dogshsd

the significance of the effect in the treated aténm difficult to assess. One boric acid treated das
allowed to recover for three weeks. Some recoveag wbserved. Histopathological changes such as
decreased spermatogenesis remained. The NOAEL &&amatl to be the equivalent of 10.2 mg B/kg
bw/day by the authors (Weir, 1966¢ (reviewed in BCBR008a and Weir and Fisher, 1972)).
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Table 4: Key repeat dosetoxicity studies performed with boric acid (adopted from ECHA, 2008a)

Route Study Species Dose levels | Results LO(A)EL NO(A)EL Reference
duration
Strain
Number of
animals (per
sex and
group)
Oral (diet) 13 weeks Mouse, 0, 1200, At =142 mg > 142 mg 71 mg NTP, 1987
for control 2500, 5000, | Boron/kg bw/d: | Boron/kg Boron/kg
and top dosg B6C3F1 10000, degeneration | bw/dayin | bw/day in
group, 16 20000 ppm | and atrophy of | males males
weeks for 10 the
other dose (equivalent o seminiferous
groups 0, 194, 405, | typules
811, 1622, 196 mg 98 mg
3246 boron | At all dose Boron/kg Boron/kg
mg/kg levels extra bw/day in | bw/day in
bw/day in medullary females females
males) haematopoiesis|
of the spleen
(equivalent
to 0, 169,
560, 1120,
2240, 4480
boron mg/kg
bw/day in
females)
(equivalent
to 0, 34, 71,
142, 284,
568 mg
boron/kg
bw/day in
males)
(equivalent
to 0, 47, 98,
196, 392,
784 mg
boron/kg
bw/day)
Oral in diet 90 day Rat 0, 52.5, 175, At =88 mg 26 mg| 8.8 mg| Weir, 1962
525, 1750, Boron/kg Boron/kg Boron/kg . .
Sprague- 5250 ppm bw/day: bw/day bw/day reviewed in
Dawley reduction of ECHA
(equivalent | pody weight; (2008) and
10 to 2.6, 8.8, clinical signs of Weir  and
26, 88, 260 toxicity, Fisher
mg boron/kg| testicular (1972)
bw/day atrophy
At 26 mg
Boron/kg
bw/day one
male exhibited
partial testicular,
atrophy
Oral in diet 2 years Rat 0, 670, 2000, At58.5 mg .558g 17.5mg Weir, 19664

A
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Interim kills | Sprague- 6690 ppm Boron/kg Boron/kg Boron/kg reviewed in
after 6 and | Dawley ) bw/day: bw/day bw/day ECHA
12 months (equivalent | reduction of (2008a) and
Control to 0, 33, body weight; Weir and
groups: 70 | 100, 334 mg| clinical signs of Fisher
Boric toxicity, (1972)
Treatment | acid/kg testicular
groups: 35 | bw/day) atrophy,
Groups of | (equivalent | 24 cal volume
?terlm kill: | to00, 5.9, and Hb
17.5, 58.5
mg boron
acid/kg
bw/day)

Other relevant infor mation

Case histories from repeated human exposure t@ laoid have not been included in this dossier,
because of the several caveats that have beerssistin the Transitional Annex XV dossier (ECHA,
2008a).

Summary and discussion of repeated dose toxicity:

The haematological system and the testes haveithetified as the major targets after oral repesed
exposure to Boric acid. Studies after repeated deon inhalation exposure to boric acid are not
available. A NOAEL for effects on testes and theokl system of 17.5 mg boron/kg bw/day can be
derived (with a LOAEL of 58.5 mg boron/kg bw/dayprin two 2-year studies in rats on boric acid.
Results obtained with boric acid can be supportgdfifedings obtained from other borates thus
indicating that the boron ion is the toxicologigaklevant species.

Toxicity for reproduction

Boric acid can impair both fertility and developrhelfrom repeat dose studies (see section 5.6 ®f thi
dossier) the male reproductive system was idedtdea target for the toxic effects of boric acidats,
mice and dogs. This was confirmed by fertility sésd(Fail et al., 1989 (reviewed in Moore et al.
1997)). Fertility studies (which have not performadcording to OECD test guidelines) further
demonstrated that not only the male, but also ¢ngafe reproductive system was a target for thestoxi
effects of boric acid (Weir, 1966b (reviewed in E£K2008a) and Weir and Fisher, 1972); NTP, 1990;
Fail et al., 1991). In addition, investigations adeen performed in order to get a better undedsign

of male reproductive toxicity (fertility) of boriacid (Treinen and Chapin, 1991; Ku et al., 1993y K
fertility studies are summarized in table 4. Depeh@ntal studies with Boric acid have been performed
in rats, mice and rabbits. Visceral and skeletdforraations were observed. Key developmental sgidie
are summarized in table 5.

Effects on fertility

In a three generation study in rats groups of 8emand 16 females were treated with boric acid
equivalent to 0, 5.9, 17.5 and 58.8 mg boron/kgdiaw/ The high dose P1-generation failed to produce
litter. Also when females of that group were mateith untreated males they had no offspring,
indicating that the female reproduction was afféct® decreased ovulation in the majority of ovaries
examined in that group was mentioned not to beicseifit to explain the observed infertility. Only
ovaries of high dosed females were examined. Gressopsy revealed atrophied testes in all P1 males
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at 58.8 mg boron/kg bw/day. No information on FH &2 generations for this endpoint is available
(Weir, 1966b (reviewed in ECHA (2008) and Weir afdher, 1972)). The NOAEL was 17.5 mg
boron/kg bw/day, however, as also stated in WH8)%he small group size (n=8), low control
fertility (60%), limited data reported, and inappriate statistics all limit the applicability oféke data
for risk assessment. However, as comparable resudie obtained with disodium tetraborate
decahydrate and effects were seen at equivalerentmations on the basis of boron equivalents, the
results of the study can be utilized in order tommptement the picture of the reprotoxic effects ofib
acid.

In a continuous breeding study of boric acid inen{dlTP, 1990; Fail et al., 1991), three doses were
administered (1000 ppm (26.6 mg boron/kg bw/dagp04ppm (111.3 mg boron/kg bw/day) and 9000
ppm (220.9 mg boron/kg bw/day). A dose-relatedatftm the testis (testicular atrophy and effects on
sperm motility, morphology and concentration) waged; fertility was partially reduced at 111 mg
boron/kg bw/day, and absent at 221 mg boron/kg ayv/d

For cross over mating only the mid dose group @Ifhg boron/kg bw/day) could be mated with
control animals, since the high dose produced tter.lilndices of fertility for mid dose males with
control females, control males with mid dose femmalad control males with control females were 5%,
65% and 74%, respectively. The according indicemating (incidence of copulatory plugs) were 30%,
70% and 79%. This indicates that the primary effeas seen in males, however, slight effects were
also noted in females. Live pup weight (adjustedlifter size) was significantly reduced compared t
control litters, the average dam weight was sigaiitly lower on postnatal day 0 compared to control
dams and the average gestational period of thedos® females was 1 day longer than in control
females. In task 4 of this continuous breeding \stwdntrol animals and low-dose F1 animals were
mated because in the 9000 ppm groups no littersimarttie 4500 ppm group only 3 litters were
produced. While mating, fertility and reproduct@mpetence were un-altered compared to control, the
adjusted pup-weight (F2) was slightly but signifitg decreased. F1 females had significantly
increased kidney/adrenal and uterus weights andebkius cycle was significantly shorter compaced t
control females. In F1 males a reduction in speancentration was observed, but no other sperm
parameters were influenced.

While in this study the NOAEL for females of the-§8neration is 1000 ppm, this is a LOAEL for
males of the FO-generation (motility of epididynsderms was significantly reduced: 78% £ 3 in
controls vs. 69% = 5 at 1000 ppm). For the F1-gatram 1000 ppm can be identified as a LOAEL,
based on the 25% reduction of sperm concentrationdles and increased uterine and kidney/adrenal
weights and the shortened oestrus cycle in fenalésis dose. Further, though normal in number, the
F2-pups had reduced adjusted bodyweights at 10889 pgich is therefore also a LOAEL for F2-
generation.

Fail et al., (1989) (reviewed in Moore et al. 198valuated the effects of boric acid on male deeem
(Peromyscus maniculatus) to test the effects on fertility, reversibilityf effect, and to determine if
reproductive efficiency was normal in offspringtcgated deer mice. Four groups of 30 male deer mice
were fed a diet that contained either 4500 or 988 boric acid for 8 weeks. These doses equal 108.1
mg boron/kg bw/day and 216.2 mg boron/kg bw/dagpeetively. Two groups of 30 male deer mice
were fed an identical diet to which no boric acidsvadded and served as controls. At the end @-the
week exposure period, half of the male deer miceewgated with untreated adult female deer mice for
1 week. Following the mating trial these males wealled and necropsied. The other groups of treated
male deer mice were fed a diet containing no bacid for an additional 9-week period to assess any
recovery from the boron treatment. After the 9-westovery period the male deer mice were mated for
1 week with untreated adult female deer mice, tibed and necropsied. After each mating trial the
females were allowed to litter and the resultinggwere counted, sexed, and weighed at birth.
Complete infertility was observed in male deer magposed to 38.5 mg boron/kg bw/day for 8 weeks.
No decrease in fertility was observed in deer ntigg consumed 19.3 mg boron/kg bw/day. Deer mice
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at the 38.5 mg boron/kg bw/day level had decregésstitular and epididymal weights. A reduction in
the seminiferous index (i.e. a semiquantitativengadf cell types present) was observed at the Hage
level. This was felt to account for the resultirgcbase in formation of mature sperm. Body androrga
weights, seminiferous index, and litter measuremefior the lower dose level deer mice were
comparable to controls. Following a 9-week period aontrol diet, mice that consumed 38.5 mg
boron/kg bw/day demonstrated a fertility performausamilar to untreated mice. Necropsy results and
histologic examination of testes were also simitacontrols. From this study a NOAEL of 38.5 mg
boron/kg bw/day for male fertility effects could berived.

Two studies were aimed at getting further inside the effects of Boric acid on the male reprodicti
system and their reversibility.

Fischer 344 (CDF (F3449/CrIBr) rats received baa equivalent to 60.9 mg boron/kg bw/day in the
diet for up to 28 days. The treatment group coedisitf 36 animals and the control group consisted of
30. Animals were killed and histologically examinafter 4, 7, 10, 14, 21 and 28 days of dosing (6
treated and 4 control animals at each time poifile reproductive effects started with reversible
inhibition of spermiation. Inhibition of spermiatiovas already observed after 7 days of treatmesht an
after 28 days extreme epithelial disorganisaticth sperm cell loss was evident.

The second part of the study was focussed on hanamlysis. Reduced testosterone levels were
observed in the dosed animals, which could be sexkto control levels by treatment with human
chorionic gonadotropin and luteinizing hormone aslag hormone. Animals were investigated after 4,
7, 10, 14 and 21 days (Treinen and Chapin, 1991).

In male Fischer 344 (CDF (F3449/CriBr) rats (6 mgoup) early effects (severe inhibition of
spermiation) were seen after 14 days treatmepsgs around 38 mg boron/kg, (217 mg boric acid/kg
bw/day), but at a lower dose of 26 mg boron/kg (4§ boric acid/kg bw/day) the effects seen by
histopathological analysis including staging, tadtout 28 days to manifest. The severely inhibited
spermiation at 38 mg boron/kg bw/day was resolvedl® weeks posttreatment, but areas of focal
atrophy were detected that did not recover posttreat. Also no signs of recovery from atrophy were
observed at doses of 52 and 68 mg boron/kg bwidaf al., 1993).
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Table5: Key fertility studiesfor boric acid (adopted from ECHA (2008))

Route of Test type Species Exposure Doses Critical effect | NO(A)EL NO(A)EL NO(A)EL Reference

exposure period
Method Strain Parental F1 F2
Guideline

Sex
No/group
Oral diet Predates OECI Rat 14 weeks 0, 670, 2000, Top dose levels| 2000 ppm 2000 ppm 2000 ppm Weir and
. pretreatment, | 6700 boric acid| caused testes Fisher, 1972
3 generation | Crl:CD then through 3 | (= 117, 350, atrophy prior to
2 litter per [S)g;?l%l;e- generations é(];Z(?n[))pm EZ)StIitr’:]ea:gnvgesrjg (1(_)0 mg boric (1(_)0 mg boric (1(_)0 mg boric
eneration ) acid/kg bw/d) acid/kg bw/d) acid/kg bw/d)
g corresponding | produced.
to 0, 34, 100 o
and 336 mg Infertility in
8 males and 16 boric acid/kg | males and (17.5 mg (17.5 mg (17.5 mg boron/kg
females per bw/d (0, 5.9, females of the | boron/kg bw/d) | boron/kg bw/d) | bw/d)
group 17.5,58.5mg | high dose when
boron/kg bw/d) | mated with
untreated
animals.
No adverse
effects in mid
and low dose
groups in any
generation.

Oral diet Continuous Mouse, Swiss | 1 week 0, 1000, 4500, | Reduced sperm 26.6 mg 26.6 mg 26.6 mg Fail et al., 1991
breeding CD1 premating, 9000 ppm motility (FO) boron/kg bw/d | boron/kg bw/d | boron/kg bw/d (NTP, 1990)
protocol (NTP)

27 weeks in Increased
total uterine weight
40 males and Equivalent to O,| and
females in 26.6, 111,3, kidney/adrenal
control, 20 220,9 mg weight,
males and boron/kg bw/d) | shortened
females in oestrus cycle
dosed groups and 25 %
reduction in
sperm
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concentration
(F1)

Reduced
adjusted
bodyweight of
pups
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Developmental toxicity

In a dietary study groups of Sprague-Dawley ratsewtsed with boric acid corresponding to boron
levels of either 0, 3.3, 6.3, 9.6, 13.3, or 25 nogon/kg bw/day from gestational day (GD) 0 to 20
(phase 1) or 0, 3.3, 6.3, 9.8, 12.9, or 25.4 mgikgy bw/day from gestational day 0 to 20 (phasérn?)
phase 1, which was conducted according to OECDetjn&l 414, dams killed on gestation day 20 and
uterine contents were examined. For the low toHdigbe groups, fetal body weights were 99, 98, 97,
94, and 88% of controls, the reduction was sigaificonly in the 13.3 and 25 mg boron/kg bw/day
groups. At non-maternally toxic doses, there wageduction on foetal weight and skeletal
malformations (increase in incidence of wavy ribsd ashort rib Xlll, decreased incidence of
rudimentary extra rib on lumbar 1). In phase 2,idbarcid exposure stopped at birth and dams were
allowed to deliver and rear their litters until pustal day 21. On postnatal day (PND) O of phase 2,
there were no effects of boric acid on offspringlpeveight, nor were any differences seen through
postnatal day 21. On post natal day 21 the pergerd&pups per litter with short rib Xl was eleégd
only in the 25.3 mg boron/kg bw/day group, but ¢helas no treatment-related increase in wavy rib or
extra rib on lumbar 1. Maternal liver weight (ahgeland relative to body weight) and maternal right
kidney weight (absolute) were not affected. Retakidney weight was increased at 25 mg B/kg bw/day
in the diet on GD 20, with no treatment-relateceetf on PND 21. The NOAELs for developmental
toxicity in rat for the prenatal (Phase 1) and pattl phase (Phase 2) were 9.6 and 12.9 mg boron/kg
bw/day, respectively. There was little evidencemaiternal toxicity at any of the doses tested (Peice
al., 1996a).

In a further rat (Sprague-Dawley) study, averageedavere 0, 13.7, 28.5, 57.8 (on GD 0-20) and 94.3
(on GD 6-15) mg boron/kg bw/day (Heindel, et a@92). The NOAEL for developmental toxicity in
rats was determined to be < 13.7 mg boron/kg bw/Bagnatal mortality was increased in the highest
dose group compared to control (36% resorptiorifier versus 4%).

Similar findings were observed in Swiss albino Cirite receiving boric acid equivalent to doses,of O
43, 79, and 175 mg boron/kg bw/day on gestatiors daf0 in feed (Heindel et al, 1992). Maternal
toxicity was indicated by mild renal lesions - aatthe highest dose — by increases in the relative
kidney weight and food and water intake. A NOAEL eaternal toxicity was not reached in the mouse
study. The key developmental effects in mice olegmvere similar to those seen in rats, which were
investigated in the same study as well, i.e. actolu in foetal body weight at the mid dose (79 mg
boron/kg) and an increase in skeletal malformatignissing lumbar vertebrae, fused vertebral arches
and short rib XIlI) and resorptions at the high#sse, where slight maternal toxicity was recordéte
NOAEL for developmental effects in mice was 43 naydm/kg bw/day, the LOAEL was of 79 mg
boron/kg bw/day (Heindel et al., 1992).

New Zealand White (NZW) rabbits were administeremtid acid once daily by gavage at doses
corresponding to 0, 10.9, 21.9 and 43.8 mg borohik@lay during major organogenesis on GD 6-19
(Price et al., 1996b). Rabbits exposed to 43.8 mgridkg bw/day on gestation day 6-19 revealed
decreased food intake during treatment, relativieniol absolute kidney weight increase and vaginal
bleeding. At the highest dose, prenatal mortaligswvincreased (90% resorption/litter versus 6% in
controls). In this dose group 14 live fetuses (@ liitters) were available for evaluation, compated
153-175 live fetuses (18-23 live litters) in thé@ert groups. The resoprtion rate was consistent etitar
studies, but the incidence of resorptions was dgmtionally high in boric acid-exposed rabbits
relative to rabbits with even greater restrictidnfad intake (Parker et al, 1986; Matsuzawa et al.
1981). Development of the cardiovascular systempaascularly sensitive. The types of malformations
(primarily cardiovascular) were dissimilar to thasported after diet restriction in other rabbudsées.
Decreased maternal food intake may have been ailmaimg factor, but cannot be solely responsible
for the range and severity of adverse developmesitatts observed at the high dose of boric acid.
Malformed fetuses/litters were present in 72% ef iigh-dose fetuses versus 3% in controls. The only
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skeletal effect observed was a decreased incideneelimentary extra rib on lumbar 1 which was not
considered biologically significant. Mild maternaffects, but severe developmental toxicity was
observed at 43.8 mg boron/kg bw/day (Price eflLabg6b).

Table 6: key developmental studieswith boric acid (adopted from ECHA (2008a))

Routeof | Test type Species Exposure Doses Critical NO(A)EL | NO(A)EL Reference
exposure period effects
Method Strain (mg maternal | Teratogenicity
B/k
Guideline Sex bw/%lay) Embryotoxicity
No/group
Oral in GLP, Rat GD 0-20 0, 3.3, Phase 1: No 9.6 mg boron/kg Price et
diet FIFRA, 6.4, 9.6, | reduction of maternal | bw/day (foetal | al., 1996a
Federal Sprague- | Remark: in 13.3, foetal body toxicity skeletal effects)
Register 54, | Dawley | Phase 1 25.2 weight on GD | observed
3401-34074 (prenatal 20in 13.3 and
female | development), 25 mglkg bw/d
Study the study was group,
consists of a| 60 terminated on malformations:
prenatal and GD20; in part incidence of
postnatal 2 (postnatal short rib XlII
development development), or wavy ribs
part the study was increased.
terminated in
Prenatal part PND 21 Phase 2: no
similar to decreased
OECD 414 foetal body
weights. Short
rib X111, but no
wavy rib or
extra rib on
lumbar I (PND
21)
Oral in GLP Rat GD 0-20 for | 0, 13.7, | Foetal toxicity:| 13.7mg | < 13.7 mg Heindel et
diet dose groups | 28.4, B/kg boron/kg al., 1992
Similarto | Sprague- | except the 57.8, Reduction of | pw/day | bw/day (foetal
OECD 414 | Dawley highest 94.3 foetal body body weight
weight from decrease)
Female lowest dose
o on; prenatal (13.7 mg
14 in high| GD 6-15 for mortality boron/kb
dose, 29 | the highest increased at bw/day
in other | dose group the highest LOAEL)
groups dose,
malformations:
incidence of
short rib XIII
Maternal
toxicity:
Altered food
intake and
increased
relative and
kidney weight
from 13.7
mg/kg bw/d
Decreased
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body weight
gain and
gravid uterine
weight from
57.8 mg/kg
bw/d

Oral in
diet

GLP

Mouse

Swiss-
Albino
CD-1

GD 0-17

0, 43,
79,175

Foetal toxicity:

At 175 mg/kg
bw/d:
percentage of
resorptions per
litter
increased;
from 79 mg/kg
bw/d: reduced
average foetal
body weight
per litter

Maternal
toxicity:

decreased
body weight,
body weight
gain and
gravid uterine
weight at the
highest dose
level; dose
related
increase in the
incidence of
renal tubular
dilation

Not
identified

43 mg boron/kg
bw/day

Heindel et
al., 1992

Oral

Gavage
(vehicle:
water)

GLP

Rabbit

New
Zealand
White

30

GD 6-19

0, 10.9,
21.9,
43.8

Foetal
toxicity:At the
highest dose
level:
increased
incidences of
prenatal
mortality and
of the
proportion of
pregnant
females with
no live
foetuses;
reduced litter
size, increased
incidence of
malformations
of the
cardiovascular
system

Maternal
toxicity:

At the highest
dose level:

21.9 mg
boron/kg
bw/day

21.9mg
boron/kg
bw/day

Price et
al., 1996b
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Vaginal
bleeding,
decreased
body weight,
body weight
gain and
gravid uterine
weight;
increased
relative kidney
weight

Human data

Investigations of potentially reproductive effecthhumans have not been specifically focussed it bo
acid alone: available epidemiological studies mamtldressed the effects of exposure to inorganic
borates in general. In studies performed among evgokpulations (Whorton et al., 1994; Tarasenko et
al., 1972) or among a highly exposed populationyl{S4998; 2001; 2003), no significant adverse
effects on reproduction or reproductive outcomeehheen reported. However, all epidemiological
studies performed exhibited methodological deficies (for a more in-depth discussion see ECHA
(2008a)). In recent studies, lower Y:X ratio in specells have been reported in boron exposed wsrker
(Robbins et al., 2008; Scialli et al. (2009)), whitiowever, did not correlate with boron concerdrat

in blood. It was concluded, that there was no ceadence of reproductive toxicity in highly boron-
exposed workers (whose exposure levels are nelesthbelow the NOAEL which has been derived
from animal studies). Thus, epidemiological studieshumans are insufficient to demonstrate the
absence of an adverse effect on fertility.

Other relevant infor mation

Summary and discussion of reproductive toxicity

Results from animal experiments demonstrate thatcbacid adversely effects fertility and
development. Feeding studies in different animadcgs (rats, mice and dogs) have consistently
demonstrated that the male reproductive systetreiptinciple target in experimental animals, altjitou
effects on the female reproductive system have la¢ésn reported. Testicular damage ranging from
mildly inhibited spermiation to complete atrophyshaeen demonstrated following oral administration
of boric acid. Effects on fertility were observedlawer dose levels compared to dose levels, where
signs of general toxicity appeared. 17.5 mg bokanbw/day was derived as a NOAEL for male and
female fertility (ECHA, 2008a).

Developmental toxicity of boric was investigated time rat, the rabbit and the mouse. In two
independent rat studies, the reduction in fetalheeight at 0.1% or 0.2% boric acid in feed from GD

to 20 was comparable, maternal toxicity in mice aad was not striking, since effects on food and
water consumption were minimal. Observed weightngahanges seemed to be secondary to
developmental toxicity, because body weight gaimrezed for gravid uterine weight was not
significantly reduced. Studies in rats failed tooypde evidence for any treatment related renal
pathology. Thus, in the rat, developmental toxiditkecreased foetal weight: at 13.7 mg boron/kg
bw/day) occurred in the absence of marked mateoxadity. For developmental toxicity, a NOAEL of
9.6 mg boron kg bw/day has been derived.

The adverse effects of boric acid on developmert f@ntility observed across species were very
similar, both in nature and effective doses. Furthtiee adverse effects obtained with boric acid are
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comparable to those obtained from other borates tbonfirming that the Boron ion is the
toxicologically active species. The available datatoxicokinetics do not indicate major differences
between laboratory animals and humans. It is noiknwhether there are significant differences m th
toxicodynamics between humans and laboratory anmaealels and in the absence of such knowledge it
must be assumed that the effects seen in animald oacur in humans. On the basis of toxicokinetic
and toxicodynamic considerations it is assumed tinatanimal data are relevant to humans. This is
further underlined by the fact that (1) there ardigations that boric acid is able to cross human
placenta and that (2) up to now, epidemiologicatli&s in humans are insufficient to demonstrate the
absence of an adverse effect of inorganic boratdertility.
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