77T\
B ORA wwny
- g

Rio Tinto Borax
26877 Tourney Road
Valencia, CA 91355
United States

(661) 287-5400

Hazard Assessment of Boric Acid, Boric Oxide, Disodium Tetraborate
(Anhydrous, Pentahydrate and Decahydrate) and Disodium Octaborate
Decahydrate

DR, SUE HUBBARD
Introduction

A number of detailed hazard assessments and reviews of'the toxicology of borates have been published (Culver
etal, 1994a; LCETOC, 1995; European Commission, [996; Murray, 1995; Culver and Hubbard, 1996; Hubbard
and Suflivan, 1996, Hubbard, 1998; TPCS, 1998; WHO; 1998; Moore et al., 1998; 1J.S. Food and Nutrition
Board. 2001; US EPA, 2004; UK EVM, 2003; EFSA, 2004).

Most of the simple inorganic borates exist predominantly as un-dissociated boric acid in dilute aqueous solution
at physiclogical pH, leading to the conclusion that the main species in the plasma of mammals {s un-dissociated
boric acid. Since other borates dissociate to form boric acid in aqueous solutions, they too can be considerad to
exist as un-dissociated boric acid under physiological conditions. For example disodium octaborate tetrahydrate
is a solid solution of boric acid and disodium tetraborate decahydrate

For this reason, the majority of toxicological studies of borates have involved either boric acid (H;1305) or disodium
tetraborate decahydrate (i.e., borax, or Na;B4O,.10H,0). Both acute and longer-term studies have been carried out
on these two substances. For boric oxide and other sodium borates such as disodium tetraborate pentahydrate,
disodium tetraborate anhydrous and disodium octaborate tetrahydrate, only acute 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 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. The B equivalents used are a generic
designation rather than a designation of the element boron.

Table 1: Conversion factors to Boron Equivalents

Conversion factor for

Equivalent dose of B
Boric acid HyBO, 0.175
Boric oxide B,0; 0.311
Disodium tetraborate decahydrate (Borax) Na;B407 ¢ 10ILO 0.113
Disodium tetraborate pentahydrate Na,B,0; o5SH,0 0.148
Disodium tetraborate anhydrous Na,B,0; 0.215
Disodium octaborate tetrahydrate Na;Bg0; » 4H,0 0.210

Essentiality and Nutritional Importance

Since the 1920s, boron has been known as an essential micronutrient plants (Woods, 1994). Therefore plant-derived foods
such as fruits, vegetables, and nuts contain significant amounts of boron. The human diet is (he largest source of human
boron exposure (Coughlin, 1998; Meacham and Hunt, 1998; Rainey and Nyquist, 1998) with healthy diets contributing the
largest amount of B, with high fat diets contributing relatively low levels of B. The foods with the highest concentrations of
boron include avocado, peanut butter, peanuts, prune juice, grape juice, chocolate powder, wine, pecans, granola raisin
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cereal, and raisin bran cereal (Meacham and Hunt, 1998). In the US the greatest sources of boron are coffee, mitk apples,
dried beans, and potatoes, which together account for 27% of the dictary boron consumption (Rainey ct al,, 1999), Coffee
and mill contribute the greatest because they are consumed in large quantities, not because they are high in B content

Essentiality in animals

Boron has been found to be critical for rormal reproduction and embryonic development in several animal species. Low
boron culture conditions have resulted in abnormal development and increased malformations in frog (Xenopus laevis)
embryos (Fort et al., 1998, 1999) and mechanisms for this cssentiality are beginning to be revealed (Fort 2002), .
Survival of rainbow trout and zebrafish was impaired in low-B conditions (Eekhert, 1998, Rowe and Eckhert, 1999), Like
many essential elements, it is likely that boric acid exhibits a "U-shaped" dose response curve in animals, as demonstrated by
Rowe et al. (1998).  Growth of vitamin D3-deficient chicks was stimulated by supplementation of boron (3 me-B/kg-diet)
in a low-B basal diet (Hunt and Nielsen 1981). Boron supplementation in pig diets {5 mg-b/kg-diet) decreased the
inflammatory response to an intradermal injection of phytohemagglutinin in pigs, altered plasma lipid metabolites, and
tended to increase the production of cytokines following a stress (Armstrong et al.,, 2001, Armstrong et al., 2000, Armstrong
and Spears 2003). In rats, maternal exposure (o a low boron diet was associated with a reduction in embryo implantation
sites (Lanoue et al, 1998a). In vitro exposures of mouse embryos to low B growth medium showed reduced blastocyst
formation and increased embryo degeneration {Lanoue et al, 1998b)

Nutritional Importance in Humans

There is also wide database of references relating to the nutritional importance of boron. Several authors have proposed a
role for boron in the metabolism of vitamin D and estrogen (Nielsen, 1998; Nielsen and Penland, 1999; Samman et al.,
1998). In addition, dietary boron deprivation studies in both rats and humans have consistently found an effect of boren
intake on brain electrophysiology and, in humans, on performance of tasks measuring eye-hand coordination, attention, and
short-term memory (Penland, 1998). Although to date insufficient data is available to conform the essentiality in humans,
the U.S. Foed and Nutrition Board in 2001, published a Tolerable Upper Intake Level (UL} for horon of 20 mg/day, which
confirms the nuiritional importance for humans. Also, the UK Expert Group on Vitamins and Minerals (UK EVM, 2002)
also regarded boren as nutritienally important and determined an acceptable daily intake for boren ((.16 mg /kg/day).

Significant advances in the search for essentiality of boron have been made recently in the discovery of a “Quorum sensing”
cell-cell communication autoinducer molecule containing a borate-sugar diester (Chen et al,, 2002); the B transporter
membrane protein, BOR1, identified in plant roots of Arabidopsis thaliana (Takano et al., 2002); ); the incidence of
esophageal cancer has been reported Lo be significantly higher in a low boron region, compared to an area with boron
exposure. (Kibblewhite et al, 1984). a case-control study that found no significantly elevated risk of prostate cancer in an
occupational cohort with boron exposure (Rooney C, 1993; Zhang et al., 2001) and the identification of a role for boron in
the inhibition of human prostate cancer cell proliferation (Barranco and Eckert, 2004)

Toxicokinetics (Fate and Behaviour)

The toxicokinetics of boric acid are similar in rats and humans with respect to absorption, distribution, and
metabolism (Dourson et al., 1998; Murray, 1998).

Absorption

Boric acid and 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 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 absorption was observed based on
urinary excretion of boren in 6 volunteers drinking a curative spa water with a high boron content (daily dose of
102 mg B) for two weeks (Job, 1973). Tn another study greater than 30% was absorbed in human volunteers
taking in 3% boric acid in an aqucous 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, 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, provide further evidence of oral absorption (Wong, 1964),

Inhaled sodium borate dust is readily absorbed as demonstrated by the blood and urine levels among groups of
workers occupationally exposed to various levels of boron (Culver et al,, 1993; 1994b). In rats, inhaled boron
oxide aerosol was readily absorbed, based on the increased levels of boron excreted in the urine following
inhalation exposure (Wilding ct al., 1959),
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Dermal absorption of borates across intact skin is insignificant in all species evaluated, including human new-
born infants (Friis-Hanscn et ai., 1982), adult humans (Beyer et al., 1983; Hui et al, 1996; Wester ¢t al, 1998),
rabbits (Draize and Kellgy, 1959), and rats (Nielsen, 1970). Borates have been demonstrated to penetrate
damaged or abraded skin (Draize and Kelley, 1959; Nielsen, 1970, Stiittgen et al., 1982). However, the usc of
an ointment-based vehicle may prevent or reduce the absorptien through diseased skin compared to an aqueous
jelly based vehicle (Nielsen, 1970 and Stiittgen et al, 1982), although the results by Stittgen ot al. (1982) have a
number of flaws and are therefore not conclusive.

Skin absorption data was obtained in human velunteers. Volunteers were dosed on a 900 cm?2 area (30cm x 30
cm} area of the back with 10B enriched boric acid or disodium tetraborate decahydrate (5% in aqueous solution),
or disodium octaborate tetrahydrate (10% in aqueous solution), Twenty-four hours later the residual dose was
removed by washing. Boron was measured in the urine (Hui ct al, 1996; Wester et al, 1998). The absorption
rates are given in Table 2,

Table 2: Dermal Absorption in Humans of boric acid, disodium tetraborate decahydrate and disodium octaborate
tetrahydrale

% Dose Absorbed + 8D Rate of Absorption Permeability Constant
Flux (Kp) (cm/hr)
pgfem’/hr

Boric Acid (5 %) 0.226 +0.125 0.009 1.9x107
Disodium tetraborate 0.210+0.194 0.00875 1.8 x 107
decahydrate (5 %)

Disodium octaborate 0.122 4 0.10 0.00975 1.6x 107
tetrahydrate (10 %)

For the purposes of risk assessment, the mean percentage dose absorbed plus the standard deviation is used for
skin absorption. However, this is only applicable to small volumes landing on the skin and remaining in
contact. For larger volumes on the skin, not all the substance will be available for absorption, therefore the rate
of absorption (flux) is more appropriate.

Distribution

There is no evidence of accumulation (Alexander et al. 1951; Forbes ct al. 1954; Forbes and Mitchell, 1957;
Jansen et al. 1984b; Ward 1987; Treinen and Chapin 1991; Ku et al. 1991; Ku et al. 1993; Culver ct al. 1994b)
although bone may contain higher levels than other tissues.

Absorbed boron rapidly distributes throughout the body water in humans and animals. In a study of workers
occupationally expesed to 10 mg/m3 of airborne disodium tetraborate decahydrate (0.22 mg B/kg/day), there
was no progressive accumulation of boron in soft tissues during the working weck as measured by blood and
urine levels {Culver et al., 1993; 1994b). Similarly, Jansen et al. (19844, 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 9 weeks (Ku et al., 1993). Thus, boron does not accumulate in soft tissues with time in either humans or
animals.

Ir both humans and animals, boron fevels 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 boroen 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
etal., 1991; 1993). All tissues examined, except bone and adipose tissue, appeared to reach steady state boron
levels by three to four days. Bonc 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 does of 2000 mg/kg bw boric acid (Pfeiffer et al., 1945). However, the accuracy of
the analytical procedures is questionable.

Page 3 of 21



Rio Tinto Borax
Hazard Assessment of Borates — Update February, 2005

Previous studies also show a greater concentration of boron in bone refative to other tissues in humans
{Alexander ct al., 1951; Forbes et al., 1954;) and rats (IForbes and Mitchell, 1957). Boren levels in a number of
tissues have been measured ( Abou-Shakra, 1989; Ciba and Chruscicl, 1992; Ward et al, 1987; Sahbioni et al.,
1990; Shuler et al., 1990; Minoia et al., 1990; 1994). 1n 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). fn
vivo and in vitro studies indicate that boric acid has a strong affinity for ¢is -hydroxyl groups. This may explain
the higher concentrations of boric acid in bone, ewing to the binding of to the cis -hydroxy! 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. Beric 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, disodium tetraborate decahydrate or boron associated with animal or plant tissues),
uptake is almost exclusively (>98%) as undissociated boric acid.

Excretion

In both humans and animals, boron is excreted in the urine regardless of the route of administration. Tt is
excreted with a half-life of < 24 hours in humans and animals, Borie acid is slowly eliminated from bone,

In humans, 99 % of a single 1.v. dose of boric acid was excreted in the urine; the plasma hall-life was calculated
to be 21 hours using a three compartment toxicokinetic model (Jansen ct al., 1984b). Following oral intake of an
aqueous solution of boric acid, the urinary recovery was 94 % (Jansen et al., 1984a); morc than 50 % of the oral
dose was eliminated in the first 24 hours, consistent with the 21 hour half-life in the 1.v. study. Sutherland et al.
(1998) showed in a boron balance study that only 8% of dietary boron is excreted in facces. Half-lives of 28.7
hours and mean of 13 hours have also been reported from various poisoning cases (Astier et al., 1988; Litovitz et
al., 1988).

Elimination half-lives for animals has 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). Inrabbits, 30 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 (Vaziri et al., 2001} in both pregnant and non-pregnant rats.

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 rates as a function of body mass are generally higher in rats and mice than in humans.

Clearances of 40.4 + 3.2 ml/min/1.73m? for sodium tetraborate in male rats and 40 ml /mim/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. [n more recent studies boric acid clearance rates in non-pregnant
rats and pregnant rats ranged from 29.0 £ 5.7 10 31.0 £ 4.5 and from 32.2 £ 5.1 to 35.6 £ 5.7 ml/min/1.73m2,
respectively (Vaziri et al., 2001).

In humans, Jansen et al {1984b) determined a clearance rate of 35 ml/nin/1.73m2 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 mI/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. Tn 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,

Page 4 of 21



Rio Tinto Borax
Hazard Assessment of Borates - Updatc February, 20035

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 beric acid more slowly than rats (~ 3 - 4 times slower). This apparcnt
divergence in comparative clearances given per body weight versus surface area between the two species is
related to the high surface-to-mass ratio in the rats as compared to the humans and would suggest that there is
little difference in the clearance rates. (Pahl et al., 2001; Vaviri et al., 2001).

Table 3: Summary of Toxicokinetics of Inorganic Borates in rats and humans

Absorption Readily absorbed orally and by inhalation (of respirable particles)
Not absorbed dermally except through severely damaged skin

Distribution Rapidly distributed through body water
No accumuation in tissues

Metabolism Not metabolised
Ixists mainly as boric acid in whole blood

Excretion Excreted almost exclusively in the urine
Half-life < 24 hours
Renal clearance is approximately 3 times faster in rats than humans based on a
body weight comparison

Conclusion: Toxicokinetics

‘There is little difference between animals and humans in absorption, distribution, and metabolism. Differences
in renal clearance is the major determinant in the differences between animals and humans, there being an
approximate 3 [old difference between rats and humans when based on a bodyweight comparison.

Absarption via the oral route is nearly 100%. Similarly, 100% of inhaled (respired) borates are absorbed across
the lung. Dermal absorption through intact skin is extremely low, i.e., <0.3% for boric acid, disodium
tetraborate decahydrate and disodium octaborate tetrahydrate.

Acute Toxicity
Acute Oral Toxicity

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 LDs, values for the various
borates are given in Table 4. No substantial differences in acute rat toxicity were seen in mice and dogs in the
limited studies available. However, dogs exhibit an emelic effect in response to high doses of borates. The LDsg
in dogs was determined to be > 3980 mg boric acid/kg and > 6150 mg disodium tetraborate decahydrate /kg
{administered in a capsule). The dogs vomited shortly afier treatment at all doses (158 mg boric acid/kg and 246
mg disodium tetraborate decahydrate/kg were the lowest doses tested). No other adverse symptoms were seen
(Keller, 1962; Weir & Fisher, 1972). The main symptoms of toxicity seen in all species tested were CNS
depression, ataxia and convulsions
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Table 4: Acute Oral Rat LDs, Values

LDs, mg/kg rat Reference

Boric acid 2660 - 4100 Weir & Fisher, 1972;
Pleiffer et al., 1945

Boric oxide (anhydrous boric acid) > 2000 Denton, 1996a

Dsodium tetraborate decahydrate 4500 - 6000 Weir & Fisher, 1972

Disodium tetraborate pentahydrate 3200 - 3400 Reagan and Becci, 1985a

Disodium tetraborate anhydrous >2000 Denton , 1993, 1996b

Disodium octaborate tetrahydrate 2550 Doyle, 1989a

Humans display different acute symptoms compared with most animals. This is reviewed under Human Data
from Poison Control Centres and Literature Cases

Acute [nhalation Toxicity

Low acute inhalation toxicity was observed in those borates tested; the 4 hour 1.C50 being > 2 mg/] for boric
acid, disodium tetraborate decahydrate, disodium tetraborate pentahydrate and disodium octaborate tetrahydrate
(Wnorowski 19944, b, ¢, d; 1997). The samples were ground in a ball mill for 24 hours ensure that the substance
was in a respirable form and the top dose tested ~ 2 mg/l was the highest that was oblainable under the
conditions of the tests. Animal observations were limited due to the accumulation of test material on the walls of
the exposure chamber,

Acute Dermal Toxicity

As would be expected due to the low skin absorption, the acute dermal toxicity was low for those borates tested,
i.e., LD30s were >2 g/kg for boric acid, boric oxide, disodium octaborate, sodium tetraborate decahydrate and
sodium tetraborate pentahydrate (Vernot et al., 1977; Reagan and Becci, 1985b.c; Doyle, 1989b; Weiner et al.,
1982).

Acute toxicity — other routes

The acute intravenous LD50s 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 LD50s were 2.07 g/kg and 1.2 g/kg for mice and guinea pigs respectively
(Pfeiffer et al., 1945).

Conclusion: Acute Toxicity

Boric acid and the sodium tetraborates are of low acute toxicity. Altheugh 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 the studics are of modern
GLP standard. LD350 oral rat > 2000 mg/kg; LD50 dermal rat > 2000 mg/kg; L.C30 inhalation rat > 2 mg/l.

Corrosivity/Irritation

Skin [rritation

Boric acid and disodium tetraborate decahydrate are uscd at concentrations of 5% in cosmetics in the US and in tale
in Europe, up to 3% in other cosmetics in Europe and up to 0.5% in oral hygiene products in Europe and elsewhere
(Bever et al., 1983; EC, 2000). As expected, inorganic borates are generally not skin irritants or are very mild

irritants (Pfeiffer, 1945; Roudabush et al., 1965; Reagan and Becel, 19854, ¢; Doyle, 1989¢; Young and Doyle,
£973:).
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Eye Irritation

Boric acid, boric oxide and disodium octaborate tetrahydrate arc not eye irritants in rabbits (Cuperous el al.,
1990; Doyle, 1989d.¢,1).

For disodium tetraborate pentahydrate an carly study indicatcd severe eye irritation; however, a new sample was
tested in two subsequent studies, which revealed only mild irritation (Reagan and Becci, 1989g; Wnorowski,
1996; Cerven, 2000). The initial irritation was thought to be due to the glassy nature of this substance’s crystals,
rather than the result of a chemical effcct. The sample was ground to a fine powder before instillation to reduce
the sharp crystals in the sample. In addition the process of manufacturc had been changed to produce less glassy
crystals. In normal handling and use the large glassy crystals would not be able to enter the eyce casily and in
addition over 50 years of occupational exposure to borates has indicated no adverse effects on the human eye
and in fifty years of occupational exposure to sodium boric acid and sodium tetraborates, no significant adverse
effects on the human eye have been observed. Rabbit eye studies are known to overestimate human eye hazard.
With disodium tetraborate decahydrate, the eye irritancy obscrved was reduced significantly when the eyes were
rinsed (Reagan and Becci, 1985f; Doyle, 1989g) however, this irritation is thought to also arise from the glassy
nature of the crystals of the substance and since it is closely related to the pentahydrate salt it is not treated as an
eye irrilant since there has been no adverse effects in the human eye. In the interests ol animal welfare not more
tests were carried out. This data may be read across to disodium tetraborate anhydrous since both this also
consists of glassy crystals. No effects in human have been observed.

Baoric acid and sodium tetraborates are used at up to 5% in eyewashes in the US, a concentration approaching a
saturated solution (Beyer et al., 1973),

Conclusion: Corrosivity/Irritation

Boric acid and sodium tetraborates are not skin irritants, Boric acid is not an eye irritant. The initial irritation
see with sodium tetraborates can be attributed to the abrasive nature of the crystals. No effects have been
observed in humans and the sodium tetraborales can be considered as not being irritating to eye.

Sensitisation
No borate tested has displayed skin sensitisation {Wnorowski 1994 e, f, g, h). No evidence of skin sensitisation
has heen seen in humans exposed occupationally to sodium borates or in a human patch test with a 3% aqueous

boric acid solution (Bruze et al., 1995).

Conclusion: Sensitisation

Boric acid and sodium tetraborates are not skin sensitisers on both human and animal studies.

Repeated Dose Toxicity

A number of studies in which rats were fed boric acid or disodium tetraborate decahydrate in their diet or
drinking water {or periods of 70 - 90 days indicated that the main target organ for toxicity is the testis. As well
as testicular atrophy, animals receiving doses of 88 mg B/kg bw/day for 90 days in their diet exhibited weight
loss and, at higher doses, rapid respiration, inflamed eyes, swollen paws and desquamation of the skin on the
paws (Weir and Fisher, 1972; NTP, 1987). These studies are further discussed under Carcinogenicity and
Toxicity to Reproduction.

Conclusion: Repeated Dose Toxicity

The main effects observed were on the testis. These effects and the appropriate NOAEL are discussed under
Carcinogenicity and Reproductive Toxicily Section
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Genotoxicity

A number of in vitro mutagenicity studies, including bacterial mutation assays in Saimonella typhimurium and
Escherichia coli, gene mutation in mammalian cells (L5178Y mouse lymphoma, V79 Chinese hamster cells,
C3H/10T1/2 cells), bacterial DNA-damage assay, unscheduled DNA synthesis (hepatocytes), chromosomal
abcrration and sister chromatid exchange in mammalian cell (Chinese hamster ovary, CHO cells) have been
carried out on boric acid, disodium tetraborate decahydrate or disodium octaborate tetrahydrate. No evidence of
mutagenic activity was observed (NTP, 1987; Haworth ct al., 1983; Landolph, 1985; Bakke, 1991; Stewart,
1991). In addition, no mutagenic activity was seen in vive in a mouse bone marrow micronucleus study on boric
acid (O’Loughlin, 1991).

Conclusion: Genotoxicity

Neither boric acid nor the sodium tetraborates are mutagenic either in vitro or in vivo.
Carcinogenicity

In long term feeding studies on boric acid and disodium tetraborate decahydrate in both rats and dogs, no
carcinogenic effects were observed (Weir and Fisher, 1972). Effects observed in the rat studies included lowered
food consumption, retarded body weight gain, course hair coats, haunched position, swollen pads, inflamed
bleeding eyes and changes in haematological parameters at the highest doses (38.5 mg B/kg bw/day). Testicular
effects were observed in both rats and dogs. Testicular atrophy with some interstitiat cell hyperplasia was the
critical effect seen in a US National Toxicology Program (NTP) bioassay in mice. No carcinogenic effects were
observed at doses of boric acid of 75 mg B/kg bw/day and 200 mg B/kg bw/day (NTP, 1987). Lffects on
survival rate and reduced body weight gain were at the high doses. The testicular effects noted in these studies
are discussed in more detail in Reproductive and Developmental Toxicity.

Conclusion: Carcinogenicity

The studies carried out are not to medern standards, nor to GLP. However, they are well performed and
reported and are more that adequate to evaluate the carcinogenicity of boric acid and sodium tetraborates. It can
be concluded that that boric acid and sodium tetraborates are not carcinogenic and there is no concern for a
carcinogenic effects in humans.

Reproductive and Developmental Toxicity

High doses of boric acid and disodium tetraborate decahydrate have been found 1o adversely affect the testis and
male fertility and to cause some adverse effects in the developing foetus in animal studies. These are the critical
endpoints of toxicity.

Effects on the Testis and Fertility

Effects on the testis have been observed in both sub-chronic and chronic studies in three species: rats, mice and
dogs. Inrats, a single dose of 175 mg B/kg bw was found to cause reversible disruption of tubular spermiation
(Linder et al., 1990), although no such cffects were observed after a single dose of 350 mg B/kg (2000 mg boric
acid/kg) (Bouissoun and Castagnol, 1963).

A comparison of the key NOAELSs and LOAELSs for reproduction studies is given in Table 5. The effects tend to
be sirnilar in all three specics, although most data comes from rat studies. The reproductive effects in rats at
lower doses and shorter time periods start with reversible inhibition of spermiation. Early effects can be seen
after 14 days treatment, at doses around 39 mg B/kg, (217 mg boric acid/kg bw/day) but at a lower dose of 26
mg B/kg (149 mg boric acid/kg bw/day) the effects take about 28 days to manifest (Ku et al., 1993). Higher
doses lcad to testicular atrophy, degeneration of seminiferous tubules, reduced sperm count and a reduction in
fertility as seen in a three generation study of boric acid and disodium tetraborate decahydrate in rals al 58.5 mg
B/kg bw/day (NOAEL, 17.5 mg B/kg bw/day) (Weir, 1966 a,b; Weir and Fisher, 1972). Similar results were
seen in a two-year study of boric acid and disodium tetraborate decahydrate at 58,53 mg B/kg bw/day (NOAEL,
17.5 mg B/kp bw/day) (Weir, 1966 c,d: Weir and Fisher, 1972). In male rats fed disodium tfetraborate
decahydrate [or either 30 or 60 days at 100 or 200 mg B/kg bw/day (NOAEL, 50 mg B/kg bw/day) testis weight
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was reduced, testicular germ cells were depleted, selected testicular enzymes were affected and fertility was
reduced (Tee et al., 1978). As might be expected, while recovery from inhibition of spermiation occurred at the
lower doses, there was no recovery from testicular atrophy when the germ cells were lost,

Fewer data are available for mice and dogs, but the results confirm the findings in rats. In a continuous breeding
study of boric acid in mice, a dose-related effect on the testis (testicular atrophy and cffects on sperm, motility,
morphology and concentration) was noted; fertility was partially reduced at 111 mg B/kg bw/day, and totally
reduced at 221 mg B/kg bw/day. Effects on females were minimal. The NOAEL was 27 mg B/kg bw/day (154
mg boric acid /kg bw/day), although at this dose the motility of epididymal sperm was slightly affected without
any effect on fertility (Fail et al., 1991). These results are consistent with those in rats.

Data in dogs derives from two very limited two-year feeding studies. Unfortunately, the published study docs
not reflect the original study reports (Weir, 1966 e, {; 1997 a, b; Weir and Fisher, 1972). Tn addition, the authors
estimated the dietary intakes from standard intake figures. However, the original study reports contained the
actual dietary intake allowing a more accurate measure of the dietary intake to be made. These amended figures
are used here. Groups of dogs were fed either boric acid or disodium tetraborate decahydrate at doses up to 10.2
mg B/kg bw/day (62.4 mg boric acid/kg bw/day and 84.7 mg disodium tetraborate decahydrate/kg bw/day) in
one study and 39.5 mg B/kg bw/day (233.1 mg boric acid/kg bw/day and 373.2 mg disodium tetraborate
decahydrate/kg bw/day) in a second study. Only [our male dogs per group were used in each study, and animals
were sacrificed at various time periods such that observations were reported on groups of only 1 or 2 animals.
One boric acid treated and one disodium tetraborate decahydrate treated dog were allowed to recover for three
weeks. Some recovery was observed in each dog. Minor histopathological changes such as decreased
spermatogenesis remained which was less obvious in the disodium tetraborate decahydrate treated dog. At 39.5
mg B/kg bw/day, testicular atrophy was observed, however the effects in the only one disodium tetraborate
decahydrate treated dog investigated at 38 weeks were less severe than those seen in the control dog. Also,
testicular atrophy was present in three out of four control dogs, so that the significance of the elfect in the treated
animals is difficult to assess. The NOAEL was deemed to be 10.2 mg B/kg bw/day. This data is inadequate for
risk assessment, but it does confirm the effects seen in other species. Due to the acute toxic cffects of borates in
dogs, had the LOAEL doses been administered as a single dose then vomiting would have occurred and the
study would not have been possible.

Table 5: Comparison of NOAELs and LOAELs for Reproductive FEffccts

Species Study Type NOAEL LOAEL  Effect at LOAEL Reference
(mg B/kg (mg B/kg
bw/day) hw/day)
Rat 9 week - 26 Mild reversible inhibition of Kuetal, 1993
dietary study spermiation
3-generation 17.5 58.5 Testicular atrophy; reduced Weir, 1966 a, b, ¢, d
dietary study fertility Weir and Fisher, 1972
and 2 year
dietary study
Mouse Continuous 27 |20 Reduced fertility Weir and Fisher, 1972
breeding
dietary study
Dog 2 year dietary 10.2 394 Testicular atrophy (also present Weir, 1966 ¢, f; 1967a,b
study in control animals)
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Conclusion: Effects on the Testis and Fertility

A dosc related effect on the testis was observed in rats and mice with confirmation from limited studies in dogs.
Effects start with reversible inhibition of spermiation after 14 days treaiment, at doscs around 39 mg B/kg, (217
mg boric acid/kg bw/day) although at a lower dose of 26 mg B/kg (149 mg boric acid/kg bw/day) the effccts take

about 28 days to manifest. Higher doses (58.5 mg B/kg bw/day and above) lead to testicular atrophy,
degeneration of seminiferous tubules, reduced sperm count and a reduction in fertility. No recovery from
testicular atrophy was observed when the germ cells were lost.

The NOAEL for this endpoint is 17.5 mg B/kg cotresponding to 100 mg boric acid/kg/day; 155 mg disodium
tetraborale decahydrate/kg and 118 mg disodium tetraborate pentahydrate/kg.

Developmental Toxicity

Only boric acid as been tested in developmental studies. Eiffccts were observed at high doses in rats, mice and
rabbits. A comparison of the key NOAELs and LOAELSs for developmental studies is given in Table 6,

The majority of studies have been carried out in rats. In two separate studies performed in the samec laboratory,
rats received a large number of dose levels (approximately 3.3, 6.3, 9.6, 13.7, 25, 28 and 59 mg B/kg bw/day on
gestation days 0-20 and 94 mg B/kg bw/day on gestation days 6-15) in feed. The NOAELs for maternal toxicity
and developmental effects were 13.7 mg/kg bw/day and 9.6 mg B/kg bw/day, respectively, A reduction in food
intake and an increase in relative liver and kidney weight and a reduction in maternal body weight gain at higher
doses indicated maternal toxicity. At non-maternally toxic doses, there was a reduction on foetal weight and
some skeletal anomalies which, with the exception of shortened 13™ rib, had reversed by postnatal day 21 at 13.7
and 28.6 mg B/kg bw/day in a study designed to look at postnatal recovery (Price et al., 1990 1996). ). At
higher maternally toxic doses, other indications of developmental effects were observed, including resorptions
and visceral malformations (enlarge lateral ventricles; cardiovascular effects; anophthalmia and microphthalmia
and short and curly tails}). However, these are likely to have been secondary to the maternal toxicity (Price et
al., 1990, 1996; Heindel et al., 1992).

Similar findings were observed in mice receiving estimated doses of 0, 43, 79, and 175 mg B/kg bw/day on
gestation days 0-20 in feed. Maternal toxicity was indicated by mild renal esions and at the highest dose
increases in the relative kidney weight and food intake. A NOAEL was not determined for maternal toxicity.
The key developmental effects observed were similar to those seen in rats i.e. a reduction in foetal body weight
at the mid dose (79 mg B/kg) and an increase in skeletal variations and malformations (missing lumbar
vertebrae, fused vertebral arches and short rib X111} and resorptions at the highest, more maternally toxic dose.
The NOAEL for developmental effects in mice was 43 mg B/kg bw/day (Heindel et al., 1992), however, this
dose was also a maternally toxic dose.

In rabbits receiving estimated doses of 0, 11, 22 and 44 mg B/kg bw/day by gavage on gestation days 6-19
maternal toxicity was indicaled by effects such as an increase in relative kidney weight, increase food intake,
vaginal bleeding and an increase in correcled weight gain. Developmental effects were seen only at the top dose,
where the majority of the cmbryos were resorbed and malformations were primarily visceral (major heart and/or
great vessel defects), however these effects are likely to be secondary to the maternal toxicity. The only skeletal
effect observed was a decreased in¢idence of rudimentary extra rib on lumbar 1 which was not considered
biologically significant. The NOAEL for both maternal and developmental toxicity in the rabbit was 21.8 mg
B/kg bw/day (Price et al., 1991).
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Table 6: Comparison of NOALLs and LOAELSs for Developmental Effects

Species  Maternal NOAEL LOAEL Effect at LOAEL Reference
NOAEL (mg B/kg (mg B/kg
(mg B/kg bw/day) bw/day)
bw/day)
Rat 13.7 9.6 13.6 Decreased foetal body weight; Price et al., 1990,
minor skeletal variations 1996
Mouse No NOAEL 43 79 Maternal toxicity; decreased Heindel et al., 1992

foetal body weight; minor
skeletal variations

Rabbit 21.8 21.8 435 Maternal toxicity; resorptions; Price et al., 1991
Visceral malformations
(cardiovascular defects)

Conclusion: Developmental effects

Developmental effects have been observed in three species, rats, mice and rabbits. The most sensitive species
appears to be rats, in which the effects observed at non maternally toxic doses include a reduction in foetal body
weight and miner skelctal variations which, with the exception of short rib XIIT, had reversed by 21 days post
natal. The NOAEL for developmental effects is 9.6 mg B/kg.

Eftects in Humans

For exposure to borates, a field study by Wegman and associates sought to establish a relationship between level
of exposure to borates and various acute symptoms, including irritation, during routine industrial activities
(Eisen, et al, 1991; Hu et al, 1992; Wegman et al, 1994; Woskie et al, 1994). In that setting, nasal irritation
occurred most frequently, followed by throat, then eye irritation. Wegman and associates also found that
smokers reported symptoms less frequently than non-smokers and old workers less frequently than younger
workers. However, the study design introduces bias as the workers clearly are aware that they are working with
borates and the fact that a study is being carried out would tend to make them more vigilant and over interpret
symptoms that may just be due to physical effects of the dust. Of the 2490 reporting periods, there were 136
cases where both the button was pressed and the severity recorded by the technician. In these cases, the
exposures were not different from the other 2086 cases when neither the button was pressed nor the severity
recorded. This indicates that there was no real irritant effect. Other confounding factors acknowledged by
Wegman et al., 1994, are that the severity scale had not been uscd on other irritant-exposure environments and
that true sensory irritants increase in severity rapidly with increasing exposure levels which did not occur in this
study. The reported irritation increased only to mild levels and did not increase at all with additional exposure,
indicating that the borate dust is not a sensory irritant. The results more closely resembled the expected effects
associated with an inert dust. In shert, the mild symptoms seen are easily attributable to the physical reaction to
exposure to a dust rather than a chemically induced irritant effect by the sodium borates themselves at these
exposure levels.

An approach to determine more precisely the acceptable exposure limits based on measurement of responses of
volunteers to measured amounts of various dusts was investigated by Cain (Cain et al;,, 2004) in a human study
in which the sensory perception of dusts of sodium tetraborate pentahydrate (Na2B407-5H20), calcium sulphate
(CaS04), and calcium oxide (Ca0)} was investigated. Twelve subjects were exposed to dust particles for 25 min
while performing moderate exercise (i.e., riding an exercise bike set at a load of 60 watts). Exposure to carbon
dioxide vapour was used to set a reference scale for subjects to judge the feel of the stimulus materials. During
exposure, subjects judged level of teel or irritation in the eye, nose, and throat {nasopharynx) at 5-min intervals.
The subjects indicated the absence of any feel or irritation by a judgement of zero. At the intervals indicated,
heart rate, oxygen saturation, minute ventilation and respiration rate were recorded as well. The results indicated
no significant respiratory effects at 14 -15 mg/m3 sodium borate (Cain ct al., 2004). This level would also be
protective for ocular irritation. This value would also be compatible wilh the previously published results of the
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field studies on borate workers by Wegman and colleagues. Therefore the data supports a limit of 10 mg/ m3
(the general nuisance level) for all borates.

Effects on Reproduction

The potential reproductive effects of inorganic borate exposure to a population of workers at a large mining and
production facility was assessed using the Standardised Birth Ratio (SBR), a measure of the ratio of observed to
expected births. A total of 542 workers completed a reproductive questionnaire. The average exposurc for the
highest exposure group was 28.4 mg B/day (approximately 0.4 mg B/kg bw/day) for two or more years. The
average duration of exposure was 16 years. The number of offspring was actually greater than the US national
average, indicating no adverse effects on reproduction in these workers (Whorton et al., 1994).

In a study of a highly exposed population in Turkey, where exposure comes mainly from naturally high levels of
B in drinking water (up to 29 mg B/} as well as from mining and production, no adverse effect has been
reported on fertility over three generations (Sayli, 1998; 2001).

Human Data from Poison Control Centres and Literature Cases

There is a large database of accidental or intentional poisoning incidents for humans. Many were the result of
accidental use as an antiseptic for irrigating body cavities, treating wounds or as a treatment for conditions such
as epilepsy. Such medical uscs are now obsolete. 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). Humans display
different acute symptoms compared with most animals. 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 judgement particularly since
medical intervention occurred in most cases and there were oflen 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 ct el., 1993). Symptoms of acute effects may
include nausea, vomiting, gastric discomfort, skin flushing, excitation, convulsions, depression and vascular
collapse.

In humans multiple exposure (high levels > 1g) results in various symptoms which may appear singly or together
and include dermatitis, alopecia, loss of appetite, nausea, vomiting, diarrhoea, and focal or generalised central
nervous system irritation or convulsions. Much data comes from the mid 1800s to around 1940, when boric acid
and disodium tetraborate decahydrate were used systematically for a variety of medical conditions including
amenorrhoca, malaria, epilepsy, urinary tract infection and exudative pleuritis (Kliegel, 1980). Daily oral doses
in adults ranged from 1-14 g per day. Repeated doses in the 6 10 g/day range were given for as long as several
weeks. In one extreme case a 28 year old women ingested around 0.5 g of boric acid (in baby powder) every
day for two years and suffered anaemia, which reversed on ceasing ingestion (Adelhardt and Fogh, 1983),
Doses greater than 3 -3 g/day regularly caused vomiting and/or diarrhoea in the first instance often accompanied
by dermatitis and appetite suppression. As the dose became higher and the dosing period longer, symptoms
included alopecia, disseminated maculopapular eruption followed by widespread desquamation, focal or
generalised central nervous system irritation, and convulsions. The symptoms of dermatitis, nausea, diarrhoea
and vomiting symptoms also occurred in some patients receiving doses of 2 g boric acid/day (29 mg boric
acid/kg/day} and above. In onc such case, reduction of the dose from 2 g/day of boric (29 mg boric
acid/kg/day) acid to Tg/day (14 mg boric acid/kg/day) resulted in resolution of the effects (vomiting and
dermatitis). In all cases where withdrawal of treatment was reported, recovery occurred with no lasting effects.
The lowest recorded adult dosc cansing symptoms was 2 g/day boric acid (Kliegel, 1980).

In children, where low levels can be estimated (Gordon et al, 1973 and O'Sullivan and Taylor, 1983), infants
aged from 6 to 19.5 weeks ingested borax (as a honey-borax mixture which had been applied to pacifiers) for
periods of 4 to 12 weeks. The mean intake was 0.98 g boric acid/day (range 0.55g to 2 g) for a 10 kg child. The
effects seen, which disappeared on withdrawal of the honey borax mixture, relate to effects on CNS such as
convulsions, generalised seizures and focal seizures. There were no dermal effects. Minor occurrences of
vomiting and loose stools were also described.
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Conclusions: Effects in Humans

A no effect level for humans based on the acute (single intake) and chronic (daily single intake) symptoms of
nausea, vomiting and diarrhoea can be established at about 1 g of boric acid/day (2.5 mg B/kg/day). The level at
which adverse effects of anorcxia, indigestion and exfoliative dermatitis will be seen is 5.0 mg boric acid/kg/day.
Although chronic absorption data at these fevels is not available in the literature for infants, their responses at
high doses are similar enough to the human adult to assume that children are not more sensitive to the effects of
borates.

Conclusions

Boron is a ubiquitous element found widely distributed in the environment and is a normal component oTa
healthy diet. It is an essential micronutrient for plants, and there is evidence to indicate that B is of nutritional
importance, if not essential, for mammals. Boron is essential for normal reproduction and embryonic
development in frogs and fish (Fort et al., 1998, 1999, 2002; Rowe et al., 1998), and mechanisms for this
essentiality are beginning to be revealed (Fort 2002).

Boric acid and sodium borates have low acute toxicity. They are not skin irritants, nor skin sensitisers. Some
horates cause eye irritancy in animals due to the glassy nature of the crystals, but in 50 vears of cccupational

exposure no adverse ocular effects have been seen in humans. Borates are absorbed orally and by inhalation.

They are very poorly absorbed dermally except through scverely damaged skin. Dermal absorption has been

shown to be < (.3% in human studies, They are not carcinogenic or mutagenic,

In human cases of poisoning, via accidental oral intake, acute and chronic symptoms of nausea, vomiting and
diarrhoca occur. As the dose became higher and the dosing period longer, symptoms included alopecia,
disseminated maculopapular eruption followed by widespread desquamation, focal or generalised central
nervous system irritation, and convulsions. A no effect level for humans based on the acute (single intake} and
chronic (daily single intake) symptoms of nausea, vomiting and diarrhoca can be established at about 1 g of
boric acid/day (2.5 mg B/kg/day).

The most critical endpoints of toxicity are considered to be (1) effects on the testis and fertility in males and (2)
developmental effects (in particular, foetal weight reduction). The effects seen occur in three species, rats, mice
and dogs for reproductive effects; rats, mice and rabbits for developmental effects. There is good agreement
between these species which indicates that there is little species variation in the response. This may be due to
the lack of metabolism of boric acid and borates, which tends 1o reduce interspecies variation.

The critical lowest No Observed Adverse Effect (NOAEL) level for the purposes of risk assessment is 9.6 mg
B/kg/day (54 mg boric acid/kg/day; 85 mg disodium tetraborate decahydrate; 46 mg disodium octaborate
tetrahydrate/kp/day), based on developmental effects.

The toxicokinetic data indicates that there is very little difference in the way in which humans and rats handle
boric acid. Therefore, at the equivalent repeated daily doses in humans that cause reproductive effects in
animals, toxic effects (such as vomiting and diarrhoea) are produced which will limit the oral intake by humans.
The lowest dose in humans that causes such symptoms is 1.5 -2 and 3 times lower that the lowest LOAEL for
reversible, miner developmental effects and for reversible effects on fertility respectively. A 60 kg person would
need to consume daily some 3.3 g of boric acid (5.0 g disodium tetraborate decahydrate; 2.7 g disodium
octaborate decahydrate) to ingest the same dose level as the lowest animal NOAEL. These equivalent doses
would not be encountered, by humans, under any circumstances due to the physical properties of boric acid and
to the limited absorption by non-oral routes, except under conditions of serious abuse by deliberate ingestion,

%ﬁééfcﬁfr/ August 12, 2005

“Dr S.A. Hubbard
Rio Tinto Borax
Group Toxicologist
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