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SUMMARY AND CONCLUSIONS

A review of the toxicology of some inorganic borates is provided together with a risk assessment for
man. The toxicology data base is largest for boric acid (H,BO,) and borax (Na,B,0,.10H,0).
Limited data are available for sodium perborate (mono and tetrahydrate) and boric oxide and even

less is available (acute data only) for borax pentahydrate and anhydrous borax.

The toxicological end-points of concern identified for both boric acid and borax from animal studies
were fertility and developmental toxicity. Generally, these effects were observed in more than one
species. Data were available on fertility from dog and rat studies on both borax and boric acid. In

addition, mouse data were available on boric acid.

For both boric acid and borax, the lowest NOAEL for fertility in male and females rats was
determined to be 17 mg boron/kg bw. Effects seen at the LOAEL included testicular toxicity,
reduced spermiation in males and decreased ovulation in females. At higher dose levels testicular
atrophy was observed. A lower NOAEL was available from a dog study (8.8 mg boron/kg bw) but
the data were considered unsuitable for risk assessment purposes. For female mice, the NOAEL
for fertility was around 27 mg boron/kg bw. Effects included reduced ovulation and decreased pup

weights in the second generation offspring.

For developmental toxicity, only data on boric acid were available from rat, mouse and rabbit
studies. The rat was confirmed as the most sensitive species with a NOAEL of 9.6 mg boron/kg

bw, based on reduced foetal body weight and skeletal effects observed at the LOAEL.

Taking NOAELs for fertility and developmental toxicity, an uncertainty factor (UF) was applied to
derive a tolerable daily intake for a 60 kg human. Justification for an uncertainty factor of 30 is
presented, taking into account the nature of the hazard, adequacy of the data base and detailed
knowledge of how borates are absorbed, distributed and excreted without liver metabolism. Limited
human data were also available for consideration. A tolerable daily intake of borates for a 60 kg
person was calculated to be 34 mg boron/day and 19.2 mg boron/day which could be ingested

without the risk of fertility (testicular) or developmental effects respectively.

Based on the tolerable daily intake of 19.2 mg boron and taking into consideration the maximum
boron intake from diet is 7 mg/d from food, mineral waters and other beverages including wine, up
to 12 mg boron could be obtained from other sources including drinking water without exceeding

the total daily intake. With a drinking water standard at the current EC Guide Level of 1 mg boron/i,
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the total boron intake from food and water is well below the calculated total daily intake, Therefore,
the current drinking water Guide Level of 1 mg boron/l is considered to be sufficiently conservative
and there is no need for it to be reduced even further to 0.3 mg boron/l as recently recommended
by WHO (1993).

The overall conclusion is that, at high doses, boric acid and borax cause adverse effects on fertility
and developmental toxicity in animals models. Preliminary investigations have been carried out to
try to identify the mechanism concerning the testicular effects observed, but very little relevant work
has yet been done to establish the cause of developmental toxicity effects. The precise mechanism
of action is unclear but it is known that borates are not metabolised, neither do they accumulate in
the body except for low deposits in bone. At borate concentrations found in the environment either
as a food constituent or when present in fresh waters and in some drinking waters, the risk
assessment has demonstrated that exposure is not likely to cause any undue health risk to human

beings.
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SECTION 1. INTRODUCTION

The element boron (B) is widely distributed in nature in low concentrations. Because of its high
affinity for oxygen, boron always occurs in nature bound to oxygen in the form of inorganic borates.
Apart from their occurrence in a few commercially exploitable deposits (mainly as sodium or calcium
borate minerals), the borates are present everywhere at low concentrations in rocks

(< 100 mg B/kg), soils (<10-20 mg B/kg), fresh waters (< 1 mg B/l) and sea water (5 mg B/l).

Throughout this review the term "borate" is used as an abbreviation for the boron-oxygen substance
under consideration. The term "boron" is used to express data as the equivalent boron (B) content
of a borate, and is not intended to mean elemental boron. The term is also used to compare the
effect of an equivalent B content of one borate with another when discussing doses applied in
animal studies (details for conversion are given in section 2.4). Except for sodium perborate the
toxicological effects are likely to result from the ultimate chemical species in aqueous solution,

namely undissociated boric acid (see section 2.1).

Borates are in extensive commercial use. The nature of the product or end use will determine the
extent of exposure to consumers and the environment. In some of the larger applications such as
glass wool (insulation), enamels, ceramics and borosilicate glass, the borate becomes fixed into a
water-insoluble matrix with little or no environmental impact. Applications where slow leaching into
the environment will occur include adhesives, flame retardants and timber preservatives. The
borates enter the aqueous environment most readily when used or discharged directly in the form of
water-soluble inorganic borates.  These include perborate-containing detergents, boronated
fertilisers, additives to corrosion inhibitors in anti-freeze formulations, biocides for cutting fluids,

insecticides and as buffers/preservatives for cosmetic and pharmaceutical preparations.

This last mentioned application has been used for more than 100 years, until superseded by other
products considered medically more effective. During this period there have been occasionally
problems associated with the misuse of borates, resulting in poisoning in adults, children and
babies. Currently boric acid is permitted in a range of cosmetic products in the European Union
(EV) at the following levels; talcum powder (5%), oral hygiene products (0.5%) and other products
(3%).

Borates are taken up naturally in all life forms and are found especially in fruit, vegetables, nuts and
wine. Although borates are essential plant micronutrients, their essentiality for animals is not

proven, but it does appear that borates may be nutritionally important for animals and man. During



4 ECETOC Technical Report No. 63

the past 5 years, largely through US Department of Agriculture dietary studies on animals and
human beings, there has been renewed interest in the nutritional importance of boron. For
example, it is suggested (Nielsen, 1992) that inadequate dietary boron (< 0.2 mg B/d) may be one
factor that contributes to susceptibility to bone loss or osteoporosis. Further work is still required to

establish whether there is an essential requirement for boron in man.

The concentration of borates in fresh waters is under scrutiny because of the widespread use of
perborates in laundry detergents, since borate is not removed during the sewage treatment process.
The EC is currently revising its guideline values of drinking water, which for boron is at present set
at 1 mg B/l. The WHO (1993) has recently published a new guideline value for boron in drinking
water of 0.3 mg B/l, following a risk assessment based on a 1972 study investigating the
reproductive effects of borates in dogs (Weir and Fisher, 1972). In the light of more recent data,
this guideline will be subject to further review and WHO have indicated that boron will be given top

priority for re-evaluation at the first opportunity.

The objective of this Task Force is to present a comprehensive review of the toxicology of inorganic
borates and to focus mainly on the reproductive toxicity of borates including recently published data.
Because similar effects have not been observed in man, extrapolation of animal data will be
required and a risk assessment will be presented based on estimated human exposures to borates
from a variety of sources. Finally, a suitable safe level of borate in drinking water will be
recommended. A companion ECETOC document will consider the ecotoxicological properties of

the borates to provide similar guideline values for environmental parameters.
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SECTION 2. IDENTITY, PHYSICAL AND CHEMICAL
PROPERTIES, PRODUCTION AND USES

2.1 IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES

Borax, the principal naturally occurring commercial source of the element boron, with the formula
Na,B,0,.10H,0, can be considered as the basis of inorganic borates. Borates are odourless white
crystalline granules or powders. Identity and physical/chemical properties of the seven major

inorganic borates discussed in this report are summarised in Table 1.

Of particular interest in a toxicology review is an understanding of what species of chemical
interacts with biological tissue and the consequences of any such interaction. Because boric acid is
stable and a very weak acid (pKa 9.15), the undissociated acid (H,BO,) is the predominant species
in aqueous solution at physiological pH. This applies also to boric oxide and sodium borates. As a
consequence, the toxicology of all these substances is likely to be similar on an equivalent boric
acid basis (as boron). Furthermore, it is known that boric acid can form complexes with
carbohydrates and proteins (Kliegel, 1980). For the series of boron-containing compounds
identified in Table 1 (except sodium perborate), it is assumed that the final species in question will

either be the undissociated boric acid or a complex of boric acid with a carbohydrate or protein.

Different considerations of toxicology apply to sodium perborate, a peroxygen compound, that
readily generates hydrogen peroxide in addition to sodium borate in biological systems. Thus,
sodium perborate will provide a local environment with a pH of around 10, which may be partially

responsible for some of the acute inflammatory and tissue reactions described in this review.

2.2 PRODUCTION
Limited published data are available on production statistics of the inorganic borates, as follows:

L] the estimated total world production of boron minerals and compounds in 1991 was
almost 3 million tonnes (Lyday, 1992);

u the world’s annual capacity (expressed in tonnes per annum B,0,) to make the major
boron chemicals in 1989 (CEH, 1993) was

USA, 750,000 of sodium borates and 195,000 of boric acid,

Western Europe, 30,000 of sodium borate, 56,000 of boric acid.
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The European consumption of sodium perborate tetrahydrate in 1993 was 620,000 tonnes (CEFIC,
1994).

23 USES

Borates are in widespread use in industrial, agricultural and consumer products. The specific end

uses of each substance are outlined below.

2.3.1 Boric Acid

Boric acid is an important source of soda-free boric oxide (B,O,) in vitreous systems such as glass,
enamels and ceramic glazes. It is a flame retardant with effective anti-smoulder characteristics.
The high-purity form is used in the production of capacitors, and for the control and emergency
shutdown of nuclear reactors (absorption of neutrons by '°B isotope). Boric acid is also used as a
preservative in some cosmetic and pharmaceutical preparations. In admixture with borax it is a

useful buffer in eye lotions.

2.3.2 Borax

Borax is generally the sodium borate selected for applications in aqueous solutions, e.g., anti-
corrosion additive in vehicle cooling systems or in cutting fluids. Borax is also used for

cosmetic/pharmaceutical applications.

233 Borax Pentahydrate

Borax pentahydrate is the major borate raw material for the glass, ceramics and enamel industries.

It is used as the feedstock for the production of sodium perborate bleach.

234 Anhydrous Borax

Anhydrous borax is borax from which the water of crystallisation has been removed by fusion. The
resultant molten glass is cooled and crushed to form a granular product, but the glassy nature of
the particles can still be discerned. The finished product has a higher bulk density than either borax
or borax pentahydrate and is preferred to these materials in the glass, ceramic and enamel

industries if fumace capacity and/or storage capacity is at a premium.
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2.35 Boric Oxide

Boric oxide is prepared by the dehydration of boric acid. As in the case of anhydrous borax, the
water is removed by fusion and the glassy product is crushed to form a coarse granular or a

powder product. The glassy nature of the material can be discerned in the coarse form.

Boric oxide is used in the manufacture of ferrobaron and other master alloys. It is used for heat

treatment in the metallurgical industries.

Boric oxide is hygroscopic, absorbing moisture from the atmosphere to form boric acid.

2.3.6 Sodium Perborate Tetrahydrate

Sodium perborate tetrahydrate is used primarily as a bleaching agent in detergent powders and in
bleaching powders. It is used to a smaller extent as a mild disinfectant and deodorant in cosmetic

and pharmaceutical preparations (Martindale, 1977).

237 Sodium Perborate Monohydrate

Sodium perborate monohydrate is used primarily as a bleaching agent in detergent powders.

2.4 CONVERSION FACTORS TO BORON EQUIVALENT

Studies reported in the literature have been conducted with different boron compounds. The boron
content of each compound is determined by its chemical composition. Conversion factors have to
be applied in order to compare the real doses of boron. Therefore the equivalent of boron (B) to
the doses used in the studies are given throughout this report. The calculations were based on

following data:

1 part boric acid, H,BO,, contains 0.175 parts of boron, B.

1 part borax, Na,B,0,.10H,0, contains 0.113 parts of boron, B.

1 part sodium perborate tetrahydrate, NaBO,.4H,0, contains 0.070 parts of boron, B.
1 part sodium perborate monohydrate, NaBO,.H,O, contains 0.108 parts of boron, B.
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2.5 ANALYTICAL METHODS

A variety of techniques is available for the analysis of borates, as boron, including absorption and
emission spectrophometry and both atomic and mass spectrometry. Before carrying out the
appropriate analytical procedure on biological materials, it is generally necessary to prepare the
sample by extracting the borate from unwanted components, that may interfere with the colorimetric
or other instrumental methods of analysis. A detailed review of these methods is available in the

companion ECETOC report on the ecotoxicity of borates (ECETOC, 1995).

The British Standards Institution (1979) has published a Standard in 29 parts (BSI, 1979) for the
analysis of the commercial inorganic borates and perborates, which is also recognised by the

International Organisation for Standardisation.
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SECTION 3. TOXICOKINETICS IN ANIMALS AND MAN

This section reviews the relevant data on absorption, distribution, metabolism and excretion of
borate. Although absorption describes the processes involved in the transfer of a substance from
the site of administration to the systemic blood circulation, it is possible, particularly for substances
administered by the oral route, to use urinary levels of the substance as an indicator of absorption.

This may be helpful in the absence of specific blood/plasma values.

A representative set of blood and urine concentrations in animals are summarised in Tables 2 and
3. Normal blood boron concentrations in man are generally within a fairly narrow range and these
concentrations are usually lower than those seen in untreated animals. Urinary boron output
reflected boron intakes. In view of the large amount of available data, not all the studies referred to
in the Tables will be discussed in the text. Salient features of the toxicology will be discussed by

reference to appropriate studies.

3.1 ABSORPTION

311 Animal Studies
3.1.1.1 Oral

Ingested borate is readily absorbed by various species. For example, eighteen 45kg sheep were
fed supplemental boron as sodium borate to provide total doses, equivalent to 1.7 or
4.4 mg B/kg bw/d for 11 days during which time faecal boron and urinary boron estimations were
made. Total daily boron intakes including diet were 30mg for the control group and 75 or 200mg
for the supplement group. Urinary boron excretion was proportional to exposure and accounted for
72 and 85% respectively of the total boron excreted (faecal and urine) over the observation period

in the supplement groups (Brown et al, 1989).

Owen (1944) measured absorption in two cows receiving 18-23 g/d of borax in their feed,
equivalent to 5.6-7.3 mg B/kg bw/d, for 42 days. Boron was excreted in urine, faeces and milk with
no adverse findings reported. Weeth et al (1981) conducted similar studies for 10 days and
confirmed these findings on heifers receiving water containing borax at 15, 30, 60 or 120mg B/,
equivalent to 2.8, 4.6, 7.7 and 13.8 mg B/kg bw/d. In this study boron plasma levels were also
measured, and these were shown to increase with exposure in a curvilinear fashion, as were

urinary boron levels.
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3.1.1.2 Dermal

Dermal absorption across intact skin of animals appears to be very low. Dermal absorption across
non-intact skin varies according to the vehicle used, with absorption being high with an aqueous

vehicle but lower with oil-based vehicles.

Doses of 1-2 ml of preparations containing 3% boric acid were applied either as an aqueous jelly or
as an oleaginous ointment to intact skin of anaesthetized rats, covering areas of 3-28 cm®. Low or
no excretion of boron in urine was detected by this route but absorption was demonstrated when a
similar experiment was conducted using damaged skin. Urinary boron levels were increased 4 to 8-
fold when boric acid was applied as an ointment and 34-fold when applied as an aqueous jelly. A
parallel study measuring the rate of dermal absorption suggested slow boron absorption when
presented as an ointment, but rapid absorption when presented as an aqueous jelly (Nielsen,
1970). Overall, the urinary excretion of boric acid was 1% of the given dose when applied as an

ointment and 23% when applied as an aqueous jelly (Neilsen, 1970).

Draize and Kelley (1959) studied dermal absorption in rabbits of 5% boric acid presented as an
aqueous solution or in talc and as a pure substance. Preparations were applied to 10-15% of the
body surface with an occlusive dressing for 1.5 hours daily for 4 days. Insignificant amounts of
boric acid were absorbed across intact and slightly abraded skin of the rabbit as measured by
urinary boron excretion; more seriously damaged skin did permit absorption of boric acid in this

study.

3.1.2 Human Studies
3.1.2.1 Oral

Absorption of ingested borate appears to be rapid and virtually complete. In a study in which
human volunteers were given a single dose of 500 mg boric acid, equivalent to 1.5 mg B/kg bw for
a B0kg person, more than 90% of the ingested boron was excreted via the urine over a 96-hour
period (Schou et al, 1984). This corroborates the early work of Job (1973) who reported a similar
urinary excretion of boron in volunteers drinking curative SPA waters with a high boron content
(providing a total of 1.7mg B/kg bw/d) for two weeks. Jansen et al (1984a) measured the
absorption of 3% boric acid by 6 male volunteers, after taking it either in an aqueous solution or as
waterless water-emulsifying ointment spread onto biscuits. Urinary boron was measured over 96
hours following administration. Intake of boric acid when delivered as an ointment varied amongst

the volunteers from 740 mg to 1,470 mg and took between 13 and 80 minutes for it to be
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consumed. The boric acid dose from the aqueous solution was 750 mg. In both instances more

than 92% of the borate was excreted via the urine within 96 hours.

Sodium perborate monohydrate, buffered by sodium hydrogen tartrate, is marketed in dentistry as a
bacteriostatic mouthwash to be used twice daily against gingivitis. A 1.7 g dose, consisting of a
mixture of 1.2 g of perborate and 0.5 g anhydrous sodium hydrogen tartrate, is dissolved in 30 ml
warm water, circulated in the mouth for about 3 minutes and is then spat out. Tests on both
patients and healthy human volunteers have established that boron is not taken up through the
mucous membrane, but probably by ingestion of residual amounts after treatment. In the study the
highest measured blood boron concentration (0.32 pg/ml), from a pretreatment level of 0.14 ug/mi

(Edwall et al, 1979).

3.1.2.2 Dermal

Dermal absorption across intact skin is minimal in human infants (Friis-Hansen et al, 1982) and
adults (Beyer et al, 1983). Absorption across abraded skin (Stittgen et al, 1982) varies with the
carrier vehicle used. Thirty one males with either normal or diseased skin conditions, such as
psoriasis, eczema or urticaria, were given a single application of an emulsifying cintment containing
3% boric acid, providing doses ranging from 3-127 mg B to normal subjects and 37-89 mg B to the
patients with diseased skin conditions. No increases in urinary boron was observed in any of the
treated adults. When 3% boric acid was applied as an aqueous jelly to 6 male volunteers, all with
severe skin conditions, urinary boron levels increased within 24 hours and then decreased,
suggesting evidence for dermal absorption through non-intact skin when boric acid was presented in
the aqueous form. Blood boron levels were also measured in these 6 subjects and increases were
observed within a few hours of dosing. On the other hand, a small group of infants with nappy
dermatitis was treated with boric acid ointment and no increase in urinary or blood boron levels was

observed, in agreement with the response in adults to the same ointment.

Friis-Hansen et al (1982) measured blood boron levels in 22 newborn infants treated with an oily
ointment containing the equivalent of 3% boric acid. Ointment (3 g) was applied to the napkin
region over 4-5 days providing a total dose of 15.7 mg B. Mean plasma boron concentrations fell
over 5 days from a pre-treatment value of 0.49 down to 0.29 ug B/ml, compared with 0.62 falling to
0.21 ug B/ml in 10 untreated neonates. Such decrease of boron levels is expected in neonates due
to their initial reduced dietary intake, the boron levels in milk being around 0.1-0.2 ug/ml, and

therefore this study indicates no absorption of boron when applied in an emulsifying ointment.
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3.1.2.3 Inhalation

Borate appears to be absorbed by the respiratory tract as described in a study of process workers
at U.S. Borax Inc., although the relative contribution to the absorption by the oral and inhalation

routes cannot be readily ascertained (Culver et al, 1994a).

3.2 DISTRIBUTION

3.21 Animal Studies

At physiological pH, it is believed that undissociated boric acid distributes evenly throughout the
body in plasma and tissues. Treinen and Chapin (1991) established that steady state tissue levels
were attained at 3-4 days in a 28 day study on the rat receiving an estimated dose of 61 mg B/kg
bw/d. The most complete study of boron distribution has been done in rats given 9,000 ppm boric
acid in the diet (equivalent to approximately 94 mg B/kg bw/d) for up to 7 days (Ku et al, 1991).
They reported that boron distributes at a comparable concentration in all tissues examined including
plasma, liver, kidney, muscle, colon, brain, testis, epididymis, seminal vesicles, prostate and
adrenals. Typical levels in tissues one day after start of exposure were 3 to 20-fold above controls,
commensurate with this high exposure, with steady state conditions being reached within 3-4 days.
Even after 28 days or 9 weeks exposure to high levels of boron in the diet or drinking water, the
return to steady state conditions for urinary boron and serum boron occurred within a few days
(Treinen and Chapin 1991, Ku et a/ 1993a). Boron concentrations in control mice have been
measured. The highest concentrations of boron in control mice were 26 pg/g dry weight in bone

(Massie et al, 1990) and 64 pg/g in fresh kidney medulla (Laurent-Pettersson et al, 1992).

The only significant accumulation of boron was in bone where amounts doubled compared with
initial concentrations (Ku et al, 1991). Accumulation of boron in bone has also been observed by
Forbes and Mitchell (1957). Corroborating evidence of distribution in total body water is from
studies in mice, in which the plasma and red blood cell concentrations of boron were equivalent
after an ip. injection of borax (Locksley and Sweet, 1954). Pfeiffer et al (1945) reported
accumulation in the brain, liver and fat of dogs given the relatively high single dose of

2,000 mg/kg bw of boric acid, equivalent to 350 mg B/kg bw.

3.2.2 Human Studies

In human beings, the deposition of boron has been observed in a range of tissues including bone

(Alexander et al, 1951; Forbes et al, 1954), scalp, hair, finger and toe nails (Abou-Shakra et al,
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1989; Krause et al, 1989; Ciba and Chrusciel, 1992), teeth (Ward et al, 1987) and lung (Sabbioni et

al, 1990) which are summarised in Table 4.

Abou-Shakra et al (1989) measured boron content in human tissues by a modified mass
spectrometry procedure. The data suggested that levels in whole blood and serum were
homeostatically regulated but that higher concentrations were present in nails and hair, indicating
slow accumulation over longer periods. Alexander et al (1951) measured boron levels in bone by
thermal neutron capture from 116 samples taken from 33 human beings, with an age range of 5
months to 75 years. Values ranged from 16-138ppm by weight as bone ash. Forbes et al (1954)
examined cadaver tissue of a 46 year old male for distribution of boron, cobalt and mercury in a
range of organs and tissues. The only organ in which boron levels were higher than others was the
skeleton, with 0.9ppm of fresh tissue, compared with 0.14 ppm in blood. Ward (1987) also
examined boron levels in a range of human tissues (as dry weight) from 14 control subjects and 18
sufferers from rheumatoid arthritis using a prompt-gamma neutron activation technique. High boron
values were found in bone, hair and teeth. Interestingly, boron levels in the rheumatoid arthritis
sufferers were slightly lower when compared with controls. Boron values ranging from 0.9-
30.5 ug/g (as dry weight) were found in blood, bone hair and nails, although considerable variation
(0.8-38.3) was seen. Shuler et al (1990) measured the boron content in dried human tissues and
found the greatest amounts occurring in spleen and liver. Levels in bone and nail were not

presented.

3.3 METABOLISM AND EXCRETION

Boric acid and borates do not appear to be metabolised via the liver in man or animals, since no
organic boron compounds have been reported as metabolites. Borates are excreted primarily in the

urine regardless of the route of administration.

3.3.1 Animal Studies

Elimination times for animals have not been explicitly stated in the literature, but can be either
calculated or estimated from published data. Farr and Konikowski (1963) measured urinary boron
concentration in mice after i.v. injection of sodium pentaborate and reported a plasma clearance
rate of 0.2 ml/min. Using their data and assuming first-arder kinetics for elimination, the half-life for
elimination in the mouse was in the order of 1 hour. The rat pharmacokinetic data from Ku et al
(1993a) (see section 3.2.1) can also be used to calculate a half life < 12 hours, again assuming

first-order kinetics.
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3.3.2 Human Studies

The renal blood clearance of sodium pentaborate was observed in 8 patients undergoing boron
neutron capture therapy for intracranial malignant tumours and was found to average 39.1 mi/min

per 1.73 m? surface area (Farr and Konikowski, 1963).

Elimination of boron from the blood is largely by excretion of greater than 90% of the administered
dose via the urine, regardless of route of administration. Excretion is relatively rapid, occurring over
a period of a few days, with a half-life of elimination of 24 hours or less. The kinetics of elimination
of boron have been evaluated in human volunteers given boric acid via the iv. and oral routes
(Jansen et al, 1984b; Schou et al, 1984, respectively). Doses of 600 and 750 mg boric acid were
given by the iv. and oral routes, respectively. The half-life for elimination was approximately 21
hours in both these studies. This value is corroborated by case reports of almost 800 patients,
accidentally or intentionally poisoned with boric acid and a very comparable elimination half-life was
found ranging from 4 to 27.8 hours, with a mean of 13.4 hours (Litovitz et al , 1988). Astier et al
(1988) reported a value of 28.7 hours in a single case of accidental boric acid ingestion in which a
massive amount of 45g was administered in 2 doses over 20 hours to a patient suffering from
arterial hypertension. Four hours after the first dose, plasma boron levels were 64 ug/ml which
decreased by 50% within 24 hours and subsequently fell to less than 10 pg/ml within 5 days. Not
all the dose could be accounted for by urinary excretion and it is possible that other excretory

routes (eg sweat) could have been involved, in addition to loss of borate through vomiting.

3.4 BORON LEVELS IN HUMAN BEINGS

3.4.1 Exposed Workers

An occupational biological monitoring study was carried out in 1992 on 17 employees at the U.S.
Borax Inc. mine in California (Culver et al, 1994a). During a typical work week, employees exposed
to the highest level of sodium borate dust (mean airborne concentration 2.66 mg B/m®, equivalent to
an intake of about 0.38 mg B/kg bw/d) showed blood and urine boron levels commensurate with
their exposure. During periods of non-exposure, i.e. week-ends or vacation, these returned rapidly

to the levels found in non-exposed individuals.

3.4.2 Human Beings in High Boron Areas

Areas of Northern Chile are naturally high in boron and lithium minerals. Blood samples taken from

40 residents in these areas were analysed for boron and compared with boron levels in local
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drinking waters. As expected, blood boron levels rose in proportion with boron exposure via the
drinking water (Barr et al, 1993). Mean blood boron levels ranged from 0.022 to 0.66 ug/g in
various locations in Chile. In the same areas the water boron levels ranged from 0.311 to
15.2 ng/ml (see Figure 1 and Figure 2). Due possibly to the low number of blood and water
samples in the two mid-value regions, a straight line relationship is not necessarily appropriate,
even though one was fitted. Instead, re-evaluation of the data to include more fully the mid-value
regions, was accomplished by fitting an exponential curve to these data. By taking the mean values
for each district, weighting could be given to each set of data points. The new curve shown in
Figure 3 of boron in drinking water against boron in blood (Unilever, ESL, 1993) should be
compared with the straight relationship proposed by Barr et al (1993). The curvilinear response,

suggests a natural homeostatic mechanism may be operating.

Figure 1  Study Sites in Northern Chile
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Figure 2  Relationships between concentrations in water and blood of boron. Barr et al

(1993)
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SECTION 4. TOXICOLOGY

4.1 INTRODUCTION

Most of the information on the toxicology of the inorganic borates in both animals and man is
derived from studies on boric acid and borax. Less is published about sodium perborate. The most
comprehensive of the large number of reviews on all aspects was published as a book (Kliegel,
1980).

Many of the earlier data reported in the literature on the toxicity of boric acid and, to a lesser extent,
of borax to human beings arose from the effects of medicinal treatments, long since obsolete, in
hospitals since boric acid was introduced as an antiseptic (Lister, 1875). Other data have arisen
through accidental misuse in hospitals, for example when 3% aqueous boric acid antiseptic solution
was mistaken for distilled water and was used to prepare a milk feed. This information is scattered
throughout the medical literature and has been tabulated (Kliegel, 1980). It is necessary to put the
above mentioned historical medicinal use and misuse into proper context, because no cases of
industrial intoxication have been reported (Casarett and Doull, 1980, 1986). The reason for this is
that the toxic effects described in the literature are observed only if the borate is absorbed internally
through ingestion or absorption through large areas of non-intact skin, e.g., rash or eczema,

conditions nat relevant to normal end-uses in industry.

An independent expert panel, appointed in the USA by the Cosmetic, Toiletry and Fragrance
Association (CTFA), published a comprehensive safety assessment on borax and boric acid in
cosmetic and pharmaceutical end-uses (Beyer et al, 1983). The panel concluded that borax and
boric acid, in concentration of < 5% are safe cosmetic ingredients when used as recommended.
However, cosmetic formulations containing free borax or boric acid should not be used on infant or

injured skin.

The pharmaceutical and medical literature also contains numerous reviews (Pfeiffer and Jenney,
1950; Caujolle, 1951; Goldbloom and Goldbloom, 1953; Valdes-Dapena and Arey, 1962; Levinskas,
1964; Jaspersen and Schlumpf, 1969; Rasi, 1973). More recent reviews on the toxicology of the
borates are also available (Minoia et al, 1987; US-EPA, 1991; US-ATSDR, 1992; US-EPA, 1992:
CEFIC, 1993; UNEP, 1993; and Culver et al, 1994b), together with an unevaluated database
(RTECS, 1993).
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At the present time, the most important topic for consideration is the reproductive effect of borates

observed in laboratory animals, which is discussed in section 5.

4.2 ANIMAL STUDIES

Unless stated by the authors, ppm B in diet was converted into mg B/kg bw by the method of
Lehman (1959). As mentioned in section 2.4, the doses of boron compounds used in the studies
are given in this report as boron equivalent. As with many toxicology studies, the precise chemical
form which interacts with biological tissue to cause an adverse reaction cannot always be
unequivocally identified. The details provided are of the given dose of the starting material

presented undiluted or in the stated vehicle.

421 Acute Toxicity
421.1 Oral

Acute oral toxicity is summarised in Table 5A.

The earliest systematic investigation of the acute toxicity of boric acid was carried out in order to
assess its safety as a constituent of antiseptic ointments (Pfeiffer et al, 1945). The acute oral
toxicity LDg, of boric acid in mice was 3,450 mg/kg bw and that in rats was 2,660 mg/kg bw. Oral
doses of 200-2,000 mg/kg bw boric acid usually induced emesis in dogs, so that a subcutaneous
injection of 30 mg of morphine had to be given before the boric acid. Under these conditions the

acute oral toxicity LD, of boric acid in dogs was around 2,000 mg/kg bw.

In another study, the acute oral toxicity (LDg) of boric acid in rats was 3,000-4,000 mg/kg bw
(equivalent to 524-700 mg B/kg bw), and that of borax was 4,500-6,000 mg/kg bw (equivalent to
510-680 mg B/kg bw). Symptoms of toxicity included signs of CNS depression, ataxia, convulsion

and death and were similar for borax and boric acid (Weir and Fisher, 1972).

The acute oral toxicity (LD,,) of disodium tetraborate pentahydrate, Na,B,0,.5H,0, in rats was
2,403-4,207 mg/kg bw (equivalent to 357-624 mg B/kg bw). Symptoms of toxicity were similar to

those described above for borax and boric acid (Reagan and Becci, 1985a).

The acute oral toxicity (LD,) of sodium perborate tetrahydrate in rats is 2,243 mg B/kg bw
(159 mg B/kg bw) (Dufour et al, 1971) and 2,100 mg/kg bw (149 mg B/kg bw) in another study

(Chater, 1978). The acute oral toxicity (LDg,) in a single dose of 4% aqueous solution of sodium
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Table 5A  Acute Toxicity (oral)

Compound Species LD, LD, References
mg/kg bw mg B/kg bw’
H,B0, mouse 3,450 603 Pleiffer et al, 1945
rat 2,660 465 Pfeiffer et al, 1945
rat 3,000-4,000 612 Weir and Fisher, 1972
dog 2,000 350 Pleiffer et al, 1945
Na,B,0,.10H,0 rat 4,500-6,000 595 Weir and Fisher, 1972
Na,B,0,.5H,0 rat 2,403-4,207 490 Reagan and Becci, 1985a
NaBQO,.4H,0 mouse 3,425 243 Momma et al, 1986
rat 2,243 159 Dufour et al, 1971
rat 2,100 149 Chater, 1978
NaBO,.H,O rat > 650 >70 Mulinos et al, 1952
rat 1,600-2,100 200 Moreno et al, 1987a
rat 1,120 121 Glaza, 1988

Mid point of range

perborate (tetrahydrate) by gavage on 10 male and 10 female mice gave an LD, of
3,600 mg/kg bw (256 mg B/kg bw) for males and 3,250 mg/kg bw (231 mg B/kg bw) bw for
females. Symptoms of toxicity included depression of spontaneous movements and irritation of the
gastro-intestinal tract with diarrhoea (Momma et al, 1986). A relatively low oral dose of sodium
perborate tetrahydrate of 50 mg/kg bw in dogs produced a strong vomiting reflex, ascribed to the

generation of hydrogen peroxide in the stomach (Dufour et a/, 1971).

The acute oral toxicity (LDg) of sodium perborate monohydrate in rats is in the range of 1,600-
2,100 mg/kg bw  (171-225 mg B/kg bw) (Moreno et al, 1987a) and 1,120 mg/kg bw
(120 mg B/kg bw) (Glaza, 1988). Symptoms of toxicity included depression, bloated abdomen and
irritation of the gastro-intestinal tract with diarrhoea. Earlier work (Mulinos et al, 1952) had shown
no deaths in rats given a single peroral dose through a stomach tube of sodium perborate
monohydrate (2% aqueous solution) up to 650 mg/kgbw (equivalent to 70 mg B/kgbw).
Examination of various body organs in these rats revealed no gross abnormalities. No data could
be obtained on the acute oral effects of sodium perborate monochydrate in rabbits, because

decomposition of the substance caused a bloated condition of the stomach.
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42.1.2 Dermal LD,,

The data are summarised in Table 5B.

The acute dermal toxicity (LD,) of boric acid in male and female rabbits is greater than
2,000 mg/kgbw. The test material, moistened with saline solution, was applied for 24 hours to
clipped, abraded skin and the animals were observed for 14 days. No deaths occurred during the

observation period (Weiner et al, 1982),

Table 5B  Acute Toxicity (dermal)

Compound Species LD, LD, Remarks and References
mg/kg bw mg B/kg bw
H,BO, rabbit >2,000 >350 24 h exposure, clipped abraded skin,
(Weiner et al, 1982).
Na,B,0,.5H,0 rabbit >2,000 >297 Reagan and Becci, 1985b.
NaBO,.H,0 rabbit >2,000 >214 Severe irritation signs, all animals,
(Moreno et al, 1987b).

The acute dermal toxicity (LDg,) of disodium tetraborate pentahydrate, Na,B,0,.5H,0, in male and
female rabbits is greater than 2,000 mg/kg bw. No deaths occurred during the observation period

(Reagan and Becci, 1985b).

The acute dermal toxicity (LD.) of sodium perborate monchydrate in rabbits is greater than
2,000 mg/kgbw. Nine of the ten animals survived, with signs of severe irritation in all animals. One
rabbit died with signs of systemic toxicity, including diarrhoea and congestion of internal organs
(Moreno et al, 1987b).

4.2.1.3 Inhalation LC,,

The data are summarised in Table 5C.

The four hour acute inhalation exposure of rats to boric acid dust was studied (Bio/dynamics Inc.,
1982). The test group consisted of 5 male and 5 female Sprague-Dawley rats. During the
exposures to a nominal dust concentration of 16 mg/l, the animals were group housed without food
or water. The mean airbomne test material concentration measured was 0.16 mg/l (160 mg/m?), and
the mass median diameter of the dust particles was 8.52 um. No rats died during the exposure

period or the subsequent 14-day observation period. The exposure caused slight irritation of the
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mucous membranes, but body weights and necropsy findings were not indicative of a response to

exposure.

Table 5C  Acute Toxicity (inhalation)

Compound Species LC,, LC, Remarks and References
mg/m® mg B/m®
H,BO, rat >160 >28 4h exposure,aerosol,slight irritation
(no deaths) of mucous membrane
(Bio/dynamics, 1982).
NaBO,.4H,0 rat >74 mg/m® No effect at 11 mg/m® in air,
(highest dose level, irritation at 39 mg/m®*
no deaths) (Silaev, 1984).

The minimum irritating concentrations for rats of sodium perborate tetrahydrate in air was 39.2

mg/m?, with no effect up to 11.3 mg/m®; the LC,, was greater than 74 mg/m°® (Silaev, 1984),

4.2.1.4 Other Routes

The data are summarised in Table 5D.

The acute intravenous LD,y of a 5% aqueous solution of boric acid injected into mice was

1,780 mg/kg bw, and that injected into rats was 1,330 mg/kg bw (Pfeiffer et al, 1945).

Table 5D Acute Toxicity (other routes)

Compound Species LD, LD, Remarks and References
mg/kg bw mg B/kg bw

H,BO, mouse 1,780 311 iv., 5% aq solution
(Pfeiffer et al, 1945).

rat 1,330 232 iv., 5% aq solution
(Pfeiffer et al, 1945).

NaBO,.H,O rabbit 78 8.3 iv., 2% aq solution
(Mulinos et al, 1952).

H,BO, mouse 2,070 362 s.c. 5% aq solution
(Pteiffer et al, 1945).

guinea pig 1,200 210 s.c. 5% aq solution
(Pfeiffer et al, 1945).

Death by respiratory arrest was caused to an anaesthetized dog by intravenous injection of a dose

of sodium perborate tetrahydrate corresponding to 500 mg/kg bw (Dufour et al, 1971).
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The acute intravenous LD, of a 2% aqueous solution of sodium perborate monohydrate injected

into rabbits within 5 minutes was 78 mg/kg bw (Mulinos et al, 1952).

The acute subcutaneous LD,, of a 5% aqueous solution of boric acid injected into mice was

2,070 mg/kg bw, and that injected into guinea pigs was 1,200 mg/kg bw (Pfeiffer et al, 1945).

4.2.1.5 Irritation

Skin

The data are summarised in Table 6A.

The procedure for testing and evaluating the primary skin irritation of borax, Na,B,0,.10H,0, (10 ml,
5% in water (w/v)) or boric acid (5ml, 10% in water (w/v)) on rabbit skin (Roudabush et al, 1965)
was identical to that described in the U.S. Regulations (21 CFR 191.11), except that the rabbits
were not immobilised, and the 1-inch square cellulose pads were used instead of surgical gauze.
The substance was applied to 6 rabbits with intact and 6 with abraded skin. In these tests, both
borax and boric acid were mild skin irritants after 24 and 72 hours. A similar test procedure in the
guinea pig included application of the aqueous solutions of the materials on cellulose pads held in
contact with the skin under an appropriate sleeve. Six guinea pigs with clipped, depilated, intact
abdomens and 6 with clipped, depilated, abraded backs were used with each material. Borax was
a mild skin irritant and boric acid a moderate skin irritant in the guinea pig. The abraded rabbit skin
was more sensitive than intact skin for both borax and boric acid, whereas the abraded guinea pig

skin was less sensitive than intact skin for boric acid with no difference in the case of borax.

The primary dermal irritation of disodium tetraborate pentahydrate, Na,B,0,.5H,0, was determined
by applying 0.5 g moistened with saline on two clipped sites on the backs of 6 rabbits. The contact
time was 4 hours under an occlusive dressing, with observation for up to 76 hours (Reagan and

Becci, 1985c¢). The substance was regarded to be non-irritant.

The detailed toxicological properties of boric oxide (B,O,) in rats, rabbits and dogs have been
published (Wilding et al, 1959). Topical application of boric oxide dust (1g/25cm?) to the clipped

wetted backs of four rabbits produced erythema that persisted for 2 or 3 days.

Sodium perborate tetrahydrate was tested for skin irritation on six male rabbits. An area on the
right flank of each animal was clipped and about 500 mg perborate, moistened to a paste with

water, was applied to the test site (25x25 mm) under an occlusive dressing for 4 hours. The Draize
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Table 6A  Acute Toxicity (skin irritation)

applied to clipped
wetted back

Compound Species Dose and route of Duration Results and References
administration of exposure
H;BO, rabbit 5ml, 10% in water Not stated. Mild irritant after 24 and 72 h in
(w/v), intact and (21 CFR 191.11) primary irritation test
abraded skin
(Roudabush et al, 1965).
guinea pig 5ml, 10% in water Not stated. Moderate irritant after 24 and 72 h
(w/V), intact and in primary irritation test
abraded skin
(Roudabush et al, 1965).
Na,B,0,.10H,0 rabbit 10ml, 5% in water Not stated. Mild irritant after 24 and 72 h in
(w/v), intact and (21 CFR 191.11) primary irritation test
abraded skin
(Roudabush et al, 1965).
guinea pig 10ml, 5% in water Not stated. Mild irritant after 24 and 72 h in
(w/v), intact and primary irritation test
abraded skin
(Roudabush et al, 1965).
Na,B,0,.5H,0 rabbit 0.5 g, clipped back 4h Non-irritant
(Reagan and Becci, 1985c).
NaBO,.4H,0 rabbit 500 mg, paste with 4 h Classified as non-irritant
0.2 mi water, on
intact skin (Southwood, 19864a).
guinea pig in vegetable oil 4h Non-irritant
ointment
(Silaev, 1984).
rat solid applied to skin 12 daily Moderately to severely irritant, but
applications 1% solution non-irritating after 12d
(Chater, 1978).
NaBO,.H,0 rabbit 0.5 g on skin 4h Slightly irritating
{Moreno et al, 1987c).
rabbit 500 mg, paste 4h Non-irritant
with 0.2 ml water,
on intact skin (Southwood, 1986b)
B,O, rabbit 1 g/25cm? dust Not stated. Produced erythema, that persisted

for 2-3d

(Wilding et al, 1959)

scale was used to assess the degree of erythema and oedema at the site 1 hour and 1, 2 and 3

days after the removal of the dressing.

No erythema or oedema were observed, and sodium

perborate tetrahydrate was classified as non-irritant to rabbit skin (Southwood, 1986a). Using the

same method, sodium perborate monohydrate gave a similar result and was also non-irritant to

rabbit skin (Southwood, 1986b).
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Sodium perborate tetrahydrate was non-irritating to the skin of guinea pigs, when applied as a paste

in oil, for a 4 hour exposure (Silaev, 1984).

A study investigating the irritant effects of repeated exposures of sodium perborate tetrahydrate to
rat skin found that the solid material was moderately to severely irritating over a course of 12
consecutive daily applications. However, even 12 consecutive applications of a 1% solution was

found to be practically non-irritating (Chater, 1978).

In the OECD test for irritation/corrosion on the skin of rabbits, sodium perborate monohydrate was

found to be slightly irritating (Moreno et al, 1987c).

Eye

The data are summarised in Table 6B.

Six young rabbits had 100 mg of boric acid applied to one eye of each rabbit. The eyes were
rinsed after 24 hours and irritation scores in individual animals ranged from 0 to 18. No evidence of
corrosion was noted. Changes noted in the coloration and texture of the eye itself were blistered
appearance to the conjunctiva. The material was classified as Toxicity Category Ili (40 CFR 156)
by ocular administration, defined as "Corneal involvement or irritation clearing in d 7 or less" (Doyle,

1989a).

Six young rabbits had 77 mg of borax, Na,B,0,.10H,0, applied to one eye of each rabbit. The
eyes were rinsed after 24 hours and irritation scores in individual animals ranged from 0 to 39. No
evidence of corrosion was noted. Changes noted in the coloration and texture of the eye itself were
blanched appearance in conjunctiva, blistered appearance in conjunctiva and thickened appearance
in conjunctiva. The material was classified as Toxicity Category Il (40 CFR 156) by ocular

administration, defined as "Corneal involvement or irritation clearing in 8-21 days" (Doyle, 1989b).

Six young rabbits had 100 mg of disodium tetraborate pentahydrate, Na,B,0,.5H,0, applied to one
eye of each rabbit. The eyes were not rinsed, and the ocular reaction was recorded after 1, 24,
and 72 hours and up to 10 days after treatment. Scores of up to 34 were recorded. Changes
noted were the blistered areas throughout the conjunctiva with the most severe area where the
substance had settled. The material was rated as causing severe irritation by ocular administration
(US-EPA, 40 CFR 160, Pesticide Assessment Guidelines, Subdivision F Hazard Evaluation; Human
and Domestic Animals, November 1982), defined as causing significant injury to the eye that

persists for 21 days or more (Reagan and Becci, 1985d).
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Table 6B Acute Toxicity (eye irritation in the rabbit)

Compound Dose and route of Remarks and References
administration

H,BO, 100 mg in one eye Irritation, clearing 7 d or less (Doyle, 1989a).
Na,B,0,.10H,0 77 mg in one eye Corneal irritation, clearing 8-21 d (Doyle, 1989b).
Na,B,0,.5H,0 100 mg in one eye Severe irritation >21 d (Reagan and Becci, 1985d),
NaBO,.4H,0 100 mg in one eye Observed up to 21 d. Severe irritant

to the rabbit eye (Southwood, 1986a).

100 mg in one eye Serious damage to unwashed left eye, but slight damage to
eyes when rinsed after 4 or 30 seconds (Momma et al, 1986).

50 mg in one eye Acute conjunctivitis, corneal irritation at 48 hours, disappeared
on d 10 (Silaev, 1984).

6 mg (0.01 ml) in one eye. Observed up to 21 d. Moderate irritant. Low volume eye test
(Barber, 1987).

1% solution in one eye Non-irritant (Chater, 1978).
NaBO,.H,0 100 mg in one eye Observed up to 21 d. Severe irritant to the rabbit eye
(Southwood, 1986b).
0.1 mg in one eye Observed up to 21 d. Corrosive to unwashed eye (Moreno et al,
1987d).
B,0O, 50 mg in one eye Immediate conjunctivitis, caused by exothermic hydrolysis to

boric acid (Wilding et al, 1959).

About 50 mg of boric oxide placed in the left eye of four rabbits produced immediate conjunctivitis,

probably as a result of exothermic hydration of boric oxide to boric acid (Wilding et al, 1959).

Sodium perborate tetrahydrate was tested for eye irritation on two female rabbits and the Draize
scale was used for assessment of irritation. The test substance (approximately 100 mg) was
applied to the conjunctival sac of the left eye of each rabbit, the other eye was untreated. The
eyes were examined after 1 to 2 hours, and up to 3 or 21 days after application for each of the
animals, respectively. Effects on the eye included corneal opacity, severe conjunctival redness and
discharge and necrosis of the nictitating membrane. Overall, sodium perborate tetrahydrate was
considered as a severe irritant to the rabbit eye (Southwood, 1986a). Under the same test
conditions, sodium perborate monohydrate was considered as a severe irritant to the rabbit eye
(Southwood, 1986b).

When 50 mg of sodium perborate tetrahydrate was introduced into the rabbit eye, acute
conjunctivitis developed. After 48 hours there was corneal irritation, which resolved itself by day 10

(Silaev, 1984).
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The irritation of a small volume of sodium perborate tetrahydrate was assessed in three rabbits.
The methods used were similar to those described above (Southwood, 1986a) except that the
amount of test material used was less, in this case a volume of 0.01 ml was used (approximating to
6 mg). Although irritant effects such as conjunctival redness were seen, such effects had resolved
within 7 days of the application of the test material. Sodium perborate tetrahydrate was considered

as a moderate irritant to the rabbit eye under these conditions (Barber, 1987).

Instilling a 1% solution of sodium perborate tetrahydrate to the rabbit eye elicited no signs of

irritation, and this strength of solution was considered to be non-irritant (Chater, 1978).

A test in rabbits investigated the effect of an eye washing procedure on the irritant effect of sodium
perborate tetrahydrate. After instilling 100 mg of the test material into the left eye, groups of 3
rabbits received either no further treatment or the eye was washed 4 or 30 seconds later. The
expected severe effects were seen when no eyewashing procedure was used, but when eyes were

washed within either 4 or 30 seconds, there was no irritant effect whatever (Momma et al, 1986).

Sodium perborate monchydrate was found to be corrosive to the unwashed rabbit eye, even 14

days after exposure (Moreno et al, 1987d).

Skin Sensitisation

A skin sensitization test on sodium perborate monohydrate was carried out on 5 male and 5 female
Hartley albino guinea pigs. Another similar group served as controls. Twenty four hours prior to
each induction, an area of 5 x 5 cm on the left flank of each animal was clipped free of hair, 0.5 mi
of the solid was applied to the depilated area and covered with an occlusive dressing. The
challenge (5% dilution in distilled water) was applied to the depilated right flank 14 days after the
induction. The test established that sodium perborate monohydrate did not cause skin sensitization

(Moreno et al, 1987¢).

4.2.2 Subacute/Subchronic

The data are summarised in Table 7.

Groups of 10 male and 10 female B6C3F, mice were fed diets containing 0, 1,200, 2,500, 5,000,
10,000 and 20,000 ppm boric acid for 90 days. Based on the feed consumption of controls in week
4 of the experiment, these doses are approximately 0, 34, 71, 142, 284 and 568 mg B/kg bw/d for
males and 47, 98, 196, 392 and 784 mg B/kg bw/d for females. Doses of 1,200 and 2,500 ppm
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Table 7 Subacute/Subchronic Toxicity (oral)
Compound Species Route Dose of Duration Resuits and References
administration
H,BO, mouse Diet 0, 34,71, 142, 284, 90 d Doses at lowest two levels
10 Mand 10 F 568 (males) and 47, well tolerated. At 568
per group 98, 196, 392 and mg B/kg/d 8 of 10 males
784 mg B/kg bw/d died. At > 142 mg B/kg/d
B6C3F, (females) testicular atrophy in males
(NTP, 1987).
Na,B,0;.10H,0 rat Diet 0, 2.6, 8.8, 26, 88 and 90 d 100% mortality at highest
or 10 Mand 10 F 260 mg B/kg bw/d dose. Atrophy of testes of
H,BO, per group males at 88 mg B/kg/d.
Sprague-Dawley At or below this dose,
physical appearance as
for controls (Weir and
Fisher, 1972).
Na,B,0,.10H,0 male rat Drinking | 0.3, 1.0 or 6.0 mg B/l 30, 60 No adverse effects noted
(number not Water Highest dose around and 90 d (Dixon et al, 1976).
specified) 0.84 mg B/kg bw/d
Sprague-Dawley
male rat Drinking | 0, 150, 300 mg B/l 70d Adverse effects at both
15 per group Water doses. Reduction in body
Long-Evans weight, decrease in testes
weight, etc. (Seal and
Weeth, 1980).
male rat Diet 50, 100, 200 mg B/kg 30 and No adverse reproductive
18 per group bw/d 60 d effect at lowest dose.
Sprague-Dawley Loss of germinal cell
elements observable at 2
higher doses (Lee et al,
1978).
NaBQ,.4H,0 male rat Gavage | 200 mg/kg bw/d, or 6d No toxic effect (Dufour et
20 per group 14.2 mg B/kg bw/d al, 1971).
Wistar
rat Gavage | Limit test, 28d Reduced bodyweight gain
5Mand 5 F per 1,000 mg/kg bw/d, or and reduced food
group 71 mg B/kg bw/d consumption. Slight local
Wistar irritating effect on gastric
mucosa. Minor effects on
blood parameters
(Degussa, 1989).

appeared to be well tolerated. Eight out of 10 males that received 20,000 ppm and 6/10 females
that received 10,000 ppm boric acid died before the end of the study. Animals at the high doses
were thin and dehydrated, had a hunched posture, foot lesions and scaly tails. There was a
significant reduction (10-20%) in final mean body weight in both males and females fed at the three
highest doses. The main adverse symptoms observed at dose levels greater than 5,000 ppm boric
acid were testicular atrophy in males and extramedullary haematopoiesis of the spleen in males and

females (NTP, 1987).
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Sprague-Dawley rats (10/sex/dose) were administered borax or boric acid in the diet for 90 days at
0, 52.5, 175, 525, 1,750 or 5,250 ppm as boron equivalents. These doses corresponded to about
0, 2.6, 8.8, 26, 88 or 260 mg B/kg bw/d, respectively. Both borax and boric acid produced 100%
mortality in the highest-dose group. Rats fed 1,750 and 5,250 ppm boron had rapid respiration,
inflamed eyes, swollen paws and desquamated skin on the paws and tail. Complete atrophy of the
testes occurred in all males fed diets at 1,750 ppm boron. The physical appearance of rats
receiving levels at or below 525 ppm were generally comparable with controls (Weir and Fisher,
1972).

Studies of 30, 60 and 90 days were carried out on rats exposed to drinking water containing borax
at 0.3, 1.0 or 6.0 mg B/l. At an average daily consumption of 35 ml of drinking water, the highest
estimated dose would represent 0.84 mg B/kg bw/d, and no adverse effects were observed at this

level of exposure (Dixon et al, 1976).

In a study by Seal and Weeth (1980), male Long-Evans rats (15/dose) were offered borax in
drinking water for 70 days at levels of 0, 150 and 300 mg B/l, which is assumed (US-EPA, 1992) to
correspond to a total boron intake of 23.7 and 47.4 mg/kg bw/d, based on a bodyweight of 350 g
and water intake of 49 ml/d. Both doses of borax produced significant decreases in body weight,
and also decreases in weights of the testes, seminal vesicles, spleen, and right femur as well as in
the levels of plasma glycerides. In addition, spermatogenesis was impaired in animals receiving the

highest dose.

In both 30 and 60 day feeding studies male rats receiving 500 ppm boron as borax, approximately
50 mg B/kg/d, failed to show any adverse effects. At dose levels of 100 and 200 mg B/kg/d,
testicular and plasma boron concentrations rose in a dose-dependent fashion, with loss of germinal

cell elements (Lee et al, 1978).

Oral administration of a dose of 200 mg/kg bw of sodium perborate tetrahydrate (14 mg B/kg bw) in
rats for 6 consecutive days produced no toxic effect. At 1,000 mg/kg bw (70 mg B/kg bw), slight

reversible haematological changes were found (Dufour et al, 1971).

In a 28-day study, conducted under GLP and in accordance with the OECD-Guideline (Degussa,
1989), sodium perborate tetrahydrate was orally administered to rats at a dose of 1,000 mg B/kg bw
(limit test). Salivation was observed in almost all treated rats; in males this was a reddish colour.
In males food intake and body weight gain were decreased. Slight effects were seen in red blood
cell parameters (decreased values) and number of platelets (increased) in both sexes and

lymphocytes (decreased) only in males. Additionally the organ weights of brain, heart, kidneys and
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testes were slightly reduced in males. Microscopic examination of tissues revealed a mild test
substance related reduction of the splenic parenchyma in males only. In the stomach of males and
females slight acanthosis and hyperkeratosis in the forestomach and hyperplasia of the fundic
mucosa were recorded. There was no reported effect on the testes. In this study no specific toxic
effects occurred. Most of the observed findings were considered to be of secondary nature, due to
the local effects on the gastric mucosa. Red blood cells, platelets and lymphocytes (spleen) may
be the target organ of toxicity for sodium perborate in rats. The reduced organ weights of the
testes should be considered in the context with other reduced organ weights and can be explained

with the reduction in food intake and body weight gain.

Sodium perborate tetrahydrate was tested for percutaneous irritation by applying a dose of 200
mg/kg bw/d for 20 days on the abraded skin of male and female New Zealand rabbits, covering
approximately 10% of the body surface. A separate control group was dosed with water (Procter
and Gamble, 1966a). The skin from animals in either group (test or control) was near normal,
There was no microscopic finding indicative of a toxic response to the test substance. There were
no statistically significant differences between the two groups in growth, organ/body weight ratios
and blood values. One animal from each group died during the study, but cause of death was not

determined. Indications of parasites were found in individual animals of each group.

In a further study, sodium perborate tetrahydrate was tested for percutaneous irritation by applying
a dose of 50 mg/kg bw/d five times weekly over 90 days on the intact skin of New Zealand rabbits
(Procter and Gamble, 1966b). A separate control group was dosed with water and no skin irritation
was observed in either the test or control group. The blood values and organ/body weight ratios of
the test group were within the normal range as obtained from the control animals. Variations in the
growth rates were not significantly different from those of the control group. One animal from each
group died during the study, but the cause of death was not determined. The tissues of the

remaining animals showed no histopathologic evidence of toxicity in either group.

423 Chronic Toxicity and Carcinogenicity

Chronic Toxicity

Data are summarised in Tables 8A and B. For ease and clarification, some studies of 6 months

duration are included in the general category of chronic toxicity tests.

Rats of 300 g weight were administered drinking water containing 0, 0.3, 1.0 and 6.0 mg/l of boron

(as boric acid) for 6 months. The authors (Krasovskii et al, 1976) stated that these doses of boron
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corresponded to 0.015, 0.05 and 0.3 mg/kg bw/d and that at the highest dose of 0.3 mg/kg bw there
was increased blood aldolase activity and some minor testicular effects. However, there is an
uncertainty about actual dose levels in this paper which is discussed in more detail in Appendix A.
Because if it is assumed that rats drink approximately 30 ml/d of water, then drinking water
containing their highest concentration of 6.0 mg B/l would deliver a dose of 0.62 mg B/kg bw/d to
each rat (not 0.3 mg B/kg bw as stated). Not only was there an uncertainty about actual dose
levels, but other workers (Dixon et al, 1976) were unable to find any adverse effects at 6 mg B/l in

drinking water (as borax) administered for 90 days.

Groups of 35 male and 35 female Sprague-Dawley rats received diets containing borax or boric
acid at 0, 117, 350 and 1,170 ppm boron equivalent for 2 years; these doses were approximately O,
5.9, 17.5 or 58.5 mg/kg bw/d of boron'. Lowered food consumption, retarded body weight gain,
coarse hair coats, hunched position, swollen pads and inflamed bleeding eyes, as well as changes
in haematologic parameters, were observed in animals receiving the highest dose of boric acid or
borax. At 1,170 ppm boron animals exhibited decreased food consumption during the first 90 days
and suppressed growth throughout the study. In addition shrunken scrotum and atrophic testes
were observed in high dose males. The weights of the testes and testes-to-bodyweight ratio were
significantly decreased, whereas the brain- and thyroid-to-bodyweight ratios were significantly higher
than those of controls. No treatment-related effects were observed in rats treated with 117 or
350 ppm boron as borax or boric acid. Therefore, in rats the LOAEL in this study was

58.5 mg B/kg bw/d and the NOAEL was 17.5 mg/kg bw/d of boron {Weir and Fisher, 1972).

Two year dietary feeding studies were carried out by Weir and Fisher (1972} in groups of 4 young
male and 4 young female beagle dogs containing 0, 58, 117 or 350 ppm boron as borax or boric
acid (about 0, 1.5, 2.9 or 8.8 mg B/kg bw/d). No effects were found on bodyweight, food
consumption, organ weights, organ-to-bodyweight ratios or clinical parameters. Therefore a NOAEL
in dogs of 8.8 mg B/kg bw/d was defined. In the absence of symptoms at the above 3 doses,
additional groups of dogs were given 1,170 ppm boron as borax or boric acid for up to 38 wk (about
29 mg B/kg bw/d). Both compounds were reported to cause testicular degeneration in males at this
dose. The subsequent availability in 1992 of the full details of these dog studies (Weir and Fisher,
1961-1967) cast some doubt on their validity because of testicular effects on control animals (see

section 5).

In a study on the inhalation toxicity of boric oxide, a group of 70 rats was exposed for 24 weeks

) wk) to aerosols of boric oxide of average concentration of 77 mg/m~, and another group
6h/d, 5 d/wk Is of bori ide of trati f /m? d her g

' Conversion of ppm diet to mg/kg bodyweight in this section according to Lehman, 1959,
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of 20 rats to as high as 470 mg/m® for 23 weeks. A group of 3 dogs was also exposed to 57 mg/m>
for 23 weeks. No toxic effects were observed in these studies, nor were there any deaths due to

the inhalation of aerosol (Wilding et al, 1959).

Carcinogenicity

As part of a large study on spermicide constituents, Boyland et al (1966) injected intravaginally
twenty BALB/C mice twice a week with 0.1 ml of 2% boric acid tragacanth suspension. The
animals were treated in total with 100 injections and were observed for 20 months. An untreated
control, a vehicle control and a positive control {(0.3% DMBA = Dimethylbenzanthracene) were
used. Marked chronic inflammation of the genital tract was present in nearly all treated animals.
After 18 months one mouse of the boric acid group developed a squamous tumour of low grade
malignancy of the vagina. In the positive control group 15 of 20 (75%) of the mice developed
malignant tumours of the vagina and/or perineal skin within 8 months. No treatment-related

incidence of tumours at other sites was seen in the mice treated with boric acid.

In a bioassay fifty BEC3F, mice per group and sex were administered 0, 2,500 and 5,000 ppm boric
acid in the diet for 103 weeks (NTP, 1987). The average amount of boric acid consumed daily was
approximately 400-500 mg/kg bw or 1,100-1,200 mg/kg bw respectively.  This corresponds to
70-87 mg B/kg bw or 192-210 mg B/kg bw. The survival rate was significantly lower in the high
dose males (22/50) and in low dose males (30/50) compared with the control group (41/50). Apart
from a reduced body weight gain (10-17% compared with the controls) during the first year, no
other treatment related clinical signs were observed in the high dose group. The histopathological
findings showed no significant dose related increase in neoplasms. Testicular atrophy was
observed in the males of the high dose group and in some mice there was interstitial cell
hyperplasia. Under the conditions of this study, there was no evidence of carcinogenicity of boric

acid in male and female mice.

4.2.4 Genotoxicity

Gene Mutation in Bacterial System

The data are summarised in Table 9A.

Boric acid did not induce gene mutation in Salmonella typhimurium strains TA98, TA100, TA1535,

TA1537 with and without activation by both rat and hamster liver microsomal preparation up to test

concentrations of 20,000 pg/plate (Haworth et al, 1983, NTP, 1987).
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Negative results were also obtained in the Salmonella typhimurium strains TA98 and TA100, when
tested at the non-toxic concentrations of 100 ug/plate boric acid or 100 ug/plate borax with and
without rat S9 mix (Benson et al, 1984).

This result was confirmed by Stewart (1991) in a standard plate incorporation test using different
Salmonella typhimurium strains. At dose levels between 10 and 2,500 ug/plate no dose related
increases in the number of revertants and no toxicity were seen either in the presence or absence

of metabolic activation containing 4 or 10% S9 mix.

Sodium perborate induced a weak mutagenic effect in the Salmonella typhimurium strains TA100
and TA102 but not with strain TA98. The survival rate in TA100 was reduced at concentrations
above 20 pg/plate. At 100 pg/plate the number of revertants was increased by a factor of 1.5,
whereas the corresponding survival rate was decreased to less than 15%. Both effects, mutation
activity as well as toxicity disappear completely upon incubation with a rat liver homogenate or

addition of 10 ug/plate catalase due to the decomposition of peroxygen constituents (Seiler, 1989).

In a back mutation test with sd-4 Escherichia coli (streptomycin dependent) Demerec et al (1951)
reported mutagenic activity of boric acid, but the results were inconsistent and showed great
variability. In the NTP report (1987) these results were assessed as negative since lyer and

Szybalski (1958) using Escherichia coli strain sd 4-73 failed to confirm these findings.

Gene Mutation in Mammalian Cells

The data are summarised in Table 9B.

Boric acid (H,BO,) was examined for mutagenic activity at the thymidine kinase locus (TK-locus) in
the L5178Y mouse lymphoma cell in the presence and absence of an Aroclor induced rat-liver
metabolic activation system. Only a slight reduction in cell growth was observed even at the

maximum concentration of 5 mg/ml. Boric acid was not mutagenic in this assay {Rudd, 1991).

In an earlier NTP-study (1987) boric acid did not show mutagenic activity in the mouse lymphoma
test under comparable conditions (1-5 mg/m| boric acid, + S9).

In C3H/10T1/2 cells and in human diploid foreskin fibroblasts, refined borax at concentrations of 0.4
to 3.2 mg/ml was tested for mutation to ouabain resistance. An increase in Oua(r) mutant
frequency was not observed in any experiment, but the test substance showed a dose-dependent
cytotoxicity to both cell lines (up to 91%) (Landolph, 1985).
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In an assay for mutation to 8-azaguanine resistance (Azg(r)) in V 79 Chinese hamster cells, refined
borax caused a weak, but statistically insignificant increase in mutation frequency at a concentration
of 0.8 mg/ml. At the other test concentrations (0.4, 1.6 and 3.2 mg/ml) increases in mutation
frequency were not seen. The highest cytotoxicity produced was 99% at 3.2 mg/m! of refined borax
(Landolph, 1985).

Primary DNA-Damage

The data are summarised in Table 9C

Primary DNA-Damage in Bacteria

The influence of sodium perborate on repair of damaged DNA was tested in Escherichia coli p 3478
with repair deficient (pol A,-) and repair proficient (pol A+) strains. At sodium perborate
concentrations of 0.0015 and 0.0033 p moles (equivalent to 0.0002 and 0.0004 ug/ml as
NaBO,.4H,0) the pol A,- strain was preferentially inhibited, suggesting DNA-induced damage by
sodium perborate. In presence of catalase (50 ug/ml) the inhibition of both test strains was not
complete (Rosenkranz, 1973), suggesting that peroxy species were broken down in the presence of

catalase.

Unscheduled DNA-Synthesis (UDS) in Cultured Mammalian Cells

In the in vitro hepatocyte DNA Repair Assay, the ability of boric acid to induce unscheduled DNA
synthesis (UDS) was tested in primary cultures of F-344 rat hepatocytes at concentrations between
5 and 5,000 ug/ml in two independent experiments. The test did not show any induction of

unscheduled DNA synthesis (Bakke, 1991).

Sister Chromatid Exchange (SCE) in Cultured Mammalian Cells

In Chinese hamster ovary cells (CHO) boric acid was tested for induction of sister chromatid
exchanges. In the absence of S9 mix the test concentration range was between 200 and 500 pg/m
and in presence of S9 mix between 250 and 2,000 ng/ml. No increase in SCE was observed (NTP,
1987).

Clastogenicity

The data are summarised in Table 9D
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Chromosomal Aberrations in Cultured Mammalian Cells

In a chromosomal aberration test in CHO-cells, boric acid was tested in the presence of S9 mix at
concentrations of 500, 1,000, 1,500 and 2,000 pug/mi and without S9 mix in concentrations of 1,000,
1,600, 2,000 and 2,500 pg/ml. No chromosomal damage was induced (NTP, 1987).

Sodium perborate was tested for chromosomal aberrations in CHO-K1 cells in concentrations
between 10 and 100 pg/ml. An increase in aberrant metaphases was found in the absence of a
metabolic activation system, whereas after pretreatment with rat liver S9-mix, no effect was
observed (Seiler, 1989).

Micronucleus Induction in vivo

Boric acid was tested in the in vivo bone marrow micronucleus assay in Swiss-Webster mice. Ten
mice per sex and group were orally dosed with boric acid in sterile deionised water at dose levels of
900, 1,800 or 3,500 mg/kg bw/d for 2 consecutive days. Clinical signs included rough fur and a
hunched posture; no deaths occurred. Five mice per sex per group were killed at 24 and 48 hours
after the final dose, respectively; all were evaluated for cytotoxicity and micronucleus formation in
bone marrow erythrocytes. The percentage of Polychromatic Erythrocytes (PCE’s) was not altered

significantly and no increase in the incidence of micronuclei was observed (O’Loughlin, 1991).

Cell Transformation Test

In a cell transformation test with C3H/10T1/2 cells at concentrations of 0.8, 1.6 and 3.2 mg/ml,
refined borax did not induce significant numbers of morphologically transformed foci. Also

anhydrous borax was negative in a modified transformation assay (Landolph, 1985).

4.3 HUMAN DATA

4.3.1 Acute Effects (Non-Occupational Exposure)

There is no agreement about the lethal oral dose of boric acid or borax for human beings. Several
of the older pharmaceutical reviews (Goldbloom and Goldbloom, 1953; Valdes-Dapena and Arey,
1962; Jaspersen and Schlumpf, 1969) make the unsubstantiated statement that the average acute
lethal dose in man is 15 to 20 g. This appears to originate from the comment, again without
supporting evidence, that "one must admit that 18 to 20 g is fatal to man" (Caujolle, 1951). The

lowest lethal dose in a newborn baby is estimated to be about 5 g (Wong et al, 1964). Another
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source (Gosselin et al, 1976) stated that the mean lethal dose of borax or boric acid in adults is not
known for certain, but it is believed to be greater than 30 g; the main symptoms of acute borate
poisoning include vomiting, diarrhoea, convulsions, depression of the CNS and, at a later stage,

erythematous skin eruptions followed by extensive exfoliation.

Data on the acute effects of past medicinal treatments, with borax or boric acid in hospitals during
the past 100 years or so, together with accidental misuse in hospitals has been analysed (Kliege!,
1980). Between 1846 and 1975 there were 121 deaths, of which 44 arose from oral ingestion,
about 40 from occlusive treatment of non-intact skin and the remainder mainly from the washing out
of body cavities, e.g., the bladder, with aqueous boric acid solution. By the nature of these

treatments, it was often difficult to assess the actual dose administered.

A recent review of 784 cases of boric acid ingestions from two poison control centres in the USA for
the period 1981 to 1985 (Litovitz et al, 1988) contrasted markedly from the earlier publications cited
above. There were no fatalities. No patient developed severe toxicity symptoms, and 88% of the
cases were asymptomatic. The authors concluded that acute boric acid ingestion produced minimal
or no toxicity and that aggressive treatment is generally not necessary. No fatalities or severe

manifestations of toxicity were observed, despite ingestions of up to 88.8 g.

Some adverse effects of sodium perborate in man have been summarised from 11 publications
during the period 1934 to 1975 (Kliegel, 1980). About 30 cases involved the accidental single
ingestion of around 5 g of sodium perborate bleach (95%), which often led to vomiting, diarrhoea

and abdominal pain.

432 Acute Effects (Occupational Exposure)

Industrial intoxication has not been reported from exposure to the inorganic borates (Casarett and
Doull, 1980, 1986).

In a study of workers at a sodium borate mine and processing plant, the acute effects of exposure
were assessed in 79 exposed workers and 27 unexposed workers (Wegman et al, 1991; and Hu et
al, 1992). Exposed workers were all those with a known pattern of exposure to borate dust, and
the non-exposed workers were non-office workers without regular exposure. Data were collected
on pre-existing conditions such as cold, allergy and smoking at a pre-study exposure interview.
Each subject was investigated on 4 consecutive days. Exposures were monitored continuously with
a personal aerosol monitor, and at the shift end by weighing deposits on air filters. As eye, nose

and throat irritation may result from exposure to dusts of a "non-respirable" particle size, the aerosol
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monitor used was validated as capable of use as a total dust sampler (Woskie et al, 1993). The
clinical symptoms of respiratory and eye irritation were assessed hourly using a questionnaire, and
peak expiratory flow was measured at this time. These methods allowed exposure and clinical data
to be resolved into 15 minute periods, as well as to provide the 6 hour daily average. Analysis of

the data was by logistic regression.

Exposed workers reported more frequent irritations than unexposed workers for a number of
symptoms (nose, eye, throat irritation and breathlessness), but not for cough. These findings
persisted when account was taken of smoking, age and presence of the common cold. The
average 6 hour time weighted average exposure to sodium borate dust in the exposed group was
5.7 mg/m® (range 0.01 to 115 mg/m®. The majority of exposures were between 1 and 10 mg/m® as
sodium borate. Analysis indicated that short term peak exposures to dust were primarily
responsible for the excess of symptoms reported. There was a clear dose-response demonstrated
by an increasing incidence of clinical effects with increasing measured exposure levels, which was
more marked using the 15 minute period compared to the 6 hour period. Individual nasal or
respiratory symptoms were reported to a far greater extent than eye irritation.  Symptoms were
graded for severity, and most reported irritant signs were mild. Although exposure to borate dust
could cause irritation between 1 and 10 mg/ms, the effects were mild. There was no difference in
the irritation recorded following exposure to borate dusts of different degrees of hydration. Thus

anhydrous sodium borate was no more potent than the other borates in the workplace.

A dust exposure study on sodium perborate tetrahydrate was done on male and female human

volunteers to establish a minimum irritation limit, which was set at 21 mg/m® (Silaev, 1984).

433 Chronic Effects (Non-Occupational Exposure)

In a thorough clinical trial conducted over 90 years ago on 12 healthy young male volunteers
(Wiley, 1904), quantities of up to a maximum of 5 g/d boric acid (870 mg B/d) or equivalent of borax
were administered through the diet. The length of the dietary trial ranged from 4 days to a
maximum of about two weeks, with one exception. The results showed that at the dose rate of 4 or
5 g/d of boric acid or borax equivalent, there was a loss in appetite and feeling of fuliness and
uneasiness of the stomach, in some cases resulting in nausea. There was also often a dull and
persistent headache. Both of these symptoms resulted in an inability to perform work of any kind.
Although 0.5 g of boric acid/day was tolerated for a few days, similar adverse effects were obtained
if this period was extended to 50 days. These adverse effects disappeared after the withdrawal of

the borate from the diet.
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Where sodium perborate was used repeatedly as a mouthwash against gingivitis or other infections
of the bucosal cavity, symptoms included "brown hairy tongue", oedema of the lips, blistering and
hypertrophy of the papillae of the tongue. Symptoms generally ceased when treatment with

perborate was discontinued (Kliegel, 1980, pages 757-780).

434 Chronic Effects (Occupational Exposure)

Wegman et al (1991) assessed whether changes in respiratory health status could be detected over
a period of seven years in workers at a sodium borate mine and processing plant. Data from an
earlier (study in 1981 were compared with results on the same workers in 1988. Forced vital
capacity, forced expiratory volume and peak expiratory flow were measured, and other data
collected by questionnaire. A total of 303 workers had acceptable data from both surveys. Taking
a number of variables into account, including smoking and the expected natural decline in lung
function over the study period, it was concluded that exposure to borate dust over the seven year

period had not resulted in long-term health effects.

Irritant dermatitis caused by repeated contact with a number of cleaning agents containing alkaline
substances and oxidising agents, including sodium perborate, was reported during a study of 541
members of a hospital cleaning department, of whom there was a high prevalence rate of

occupational skin diseases of 15.3% (Hansen, 1983).



46 ECETOC Technical Report No. 63

SECTION 5. REPRODUCTIVE TOXICOLOGY

5.1 INTRODUCTION

In several animal studies, there are reports of borax or boric acid interfering with reproductive
processes. The most serious end-point which was repeatedly observed was testicular toxicity. This
section reviews the studies in a chronological order which have addressed fertility and
developmental toxicity endpoints, together with other studies in which observations were made of
reproductive effects. Only those studies which are considered relevant for risk assessment are
discussed in this chapter. For completeness, several other studies considered unsuitable for risk

assessment are summarised in Appendix A.

As the precise definitions of key terms in toxicology have tended to vary with time, the terms used
in this report are taken from Annex IV of the European Commission Directive 93/21/EEC adapting
for the 18th time the Dangerous Substances Directive (67/548/EEC). According to Section 3.2.3.3.
of Annex IV, reproductive toxicity includes impairment of male and female reproductive functions or
capacity and the induction of non-inheritable harmful effects on the progeny. Thus, reproductive
toxicity may be classified under two main headings: Effects on Fertility (male and female) and

Developmental Toxicity.

To enable reasonable comparison between the data reported in this section, conversion factors
have been used as described in section 4.2 to convert concentration of boron in the diet (e.g. ppm)

to the actual dose to which the test species was exposed (in mg B/kg bw/d).

5.2 FERTILITY EFFECTS IN ANIMALS

521 Acute Exposure

Data on the effects on fertility after acute exposure to borates are summarised in Table 10A, with
further details provided in the Appendix A. In addition, two more recent studies are highlighted

here,

Dixon et al (1976) exposed groups of 10 adult male Sprague-Dawley rats to single oral doses of
borax in order to determine reproductive effects during serial mating studies. According to the
authors, the doses corresponded to 45, 150 and 450 mg B/kg bw. After treatment, each male rat

was housed singly with a virgin female for a period of 7 days. After 7 days, the females were
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replaced with new virgin females. The studies were usually terminated 70 days after exposure.
The authors concluded that no significant effects on male fertility were apparent at any of the

exposures tested.

The effect of acute exposure to boric acid on the male reproductive tract of the rat was investigated
more recently by Linder et al (1990). In a time-response study, groups of Sprague-Dawley adult
male rats (6 rats per group) were exposed by gavage to boric acid at doses of 0 (control) and
2,000 mg boric acid/kg bw (the dose was administered in two volumes on the same day). These
doses corresponded to 0 and 350 mg B/kg bw, respectively. Rats were killed at 2, 14, 28 and 57
days post-exposure. In the 350 mg B/kg bw group sporadic but statistically significant differences
(p < 0.05) in reproductive organ weights were noted when compared to controls. The authors
stated that these differences were slight and of questionable biological significance.
Histopathological changes in the testis and epididymis appeared from day 14 after exposure.
These changes consisted of disturbed sperm maturation in the tubules and testicular debris in the
epididymides. Recovery occurred from day 28 onwards but was not yet complete at termination of
the recovery period (day 57 post exposure) since 2 out of 6 animals still had some retention of
spermatids in the tubules. Abnormalities in sperm heads and tails and in sperm head counts were
also observed from day 14 and changes in spermatozoa motility were noted. By day 57, all sperm
parameters had returned to control levels confirming that the observed effects on sperm parameters

were reversible at the dose level tested.

In a related dose-response study reported in the same publication, groups of Sprague-Dawley adult
male rats (8 rats per group) were exposed by gavage to boric acid at doses of 0, 250, 500, 1,000
and 2,000 mg boric acid/kg bw (the dose was administered in two volumes on the same day).
These doses correspond approximately to 0, 44, 88, 175 and 350 mg B/kg bw. All animals in the
dose-response study were killed 14 days post exposure since this was identified as the interval at
which maximum testicular damage was observed in the corresponding time-response study. No
effect on reproductive organ weights was observed at any exposure level when compared to
controls. Histopathological changes in the testes as well as changes in sperm parameters
consistent with the time-response study were observed in animals exposed to 175 and
350 mg B/kg bw. No significant effect on serum hormones was found at any exposure level (see

section 6 for details).

Summarising the two studies, the authors concluded that acute exposure to boric acid can
adversely affect the testis (spermiation) and sperm quality in the adult male rat at dosages of
175 mg B/kg bw and above. These effects are reversible at the dose level tested in the time-

response study (350 mg B/kg bw) since by day 57 post exposure, only minimal testicular changes
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remained. Based on the non-detection of the above effects, the authors concluded that the no

observed effect level for acute exposure of the rat to boric acid was 88 mg B/kg bw.

5.2.2 Repeated Exposure

Data on repeated exposure are summarised in Table 10B.

In an extensive series of experiments covering several regimes, Weir and Fisher (1972) investigated

the chronic and reproductive effects in rats exposed to borax or boric acid in the diet.

In the rat chronic feeding study Weir and Fisher (1972), groups of Sprague-Dawley rats (35 male
and 35 female per group) were exposed to borax or boric acid in the diet at levels of 117, 350 and
1,170 ppm boron for two years, corresponding approximately to 5.9, 17.5 and 58.5 mg B/kg bw. At
6 and 12 months, five rats of both sexes from each group were killed for intermediate investigation.
At 2 years, all survivors were killed and necropsied. Atrophic testes were found in all males
exposed to the high doses (58.5 mg B/kg bw) of both borax and boric acid at 6, 12 and 24 months.
Microscopic examination of the tissue revealed atrophied seminiferous epithelium and decreased
tubular size in the testes. The testes’ weights and the testes/body weight ratios were significantly
lower than those of control animals. Other changes at this dose which were reported by the study
authors but which were not related to reproduction are discussed in Chapter 5. No gross or
histopathologic alterations were reported by the authors in the animals exposed to either 5.9 or
17.5 mg B/kg bw throughout the 2 year exposure period, Based on the results from this chronic
feeding study, the authors concluded that exposure of rats at levels up to 17.5 mg B/kg bw in the

diet over a 2 year period was without adverse effect on fertility.

In the 3-generation reproductive study by Weir and Fisher (1972), Caesarean-derived rats were
randomised into control and test groups (8 males and 16 females per group). The animals were
exposed to borax or boric acid at 117, 350 and 1,170 ppm boron in the diet, corresponding to 5.9,
17.5 and 58.5 mg B/kg bw respectively. Prior to initiation of the first breeding phase, the rats were
fed their respective diets for 14 weeks. Each generation was mated twice to produce two sets of
offspring. Rats exposed to the high dose of either borax or boric acid (corresponding to a level of
58.5 mg B/kg bw) were sterile. Microscopic examination of the atrophied testes of all males in this
group showed no viable sperm. The authors also reported evidence of decreased ovulation in the
majority of ovaries examined from the females exposed to 58.5 mg B/kg bw and no litters were
obtained from these high dose females when mated with control male animals. There were no
adverse effects on reproduction reported at exposures of 5.9 and 17.5 mg B/kg bw. The authors

reported no adverse effects on fertility, lactation, litter size, progeny weight or appearance in rats
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exposed to either 5.9 or 17.5 mg B/kg bw. Also, no gross abnormalities were observed in the
organs examined from either parents or weanlings from these dose groups. Based on these study
data, the authors concluded that exposure of rats at levels up to 17.5 mg B/kg bw in the diet in a 3-

generation reproduction study was without adverse effect.

The results of additional studies conducted by the same authors on the chronic effects in dogs after

dietary exposure to borates are summarised in Appendix A.

Lee et al (1978) exposed groups of Sprague-Dawley male rats (18 animals/group; 200 to 250g bw)
to borax in the diet at levels of 500, 1,000 and 2,000 ppm boron for periods of 30 or 60 days.
According to the authors, these doses corresponded approximately to 50, 100 and 200 mg B/kg bw.
Rats exposed to either 100 or 200 mg B/kg bw showed significantly decreased epididymal weight
after 30 and 60 days, absence of germinal elements and a reduction in spermatocytes, spermatids
and spermatozoa. These effects were more pronounced in the high dose group (200 mg B/kg bw).
At the end of 60 days, testes’ weights were significantly decreased in the 100 and 200 mg B/kg bw
groups. Mean seminiferous tubular diameter was significantly decreased at 60 days in a dose-
related manner in all exposure groups. Also, selected testicular enzymes were affected in a dose
and time related manner (increased activity for enzymes associated with pre-meiotic spermatogenic
cells and decreased activity for enzymes associated with post-meiotic spermatogenic cells). Plasma
FSH was increased in a dose and time related manner at all exposures but no significant effect was
found on plasma testosterone or LH levels. At the end of the 30 and 60 days exposure periods, 5
males per group were serially mated with control females. Male rats exposed to 200 mg B/kg bw
were sterile for 8-12 weeks and this was only partially reversed in wk 9 and 10 in the animals
exposed for 30 days. Males exposed to 100 mg B/kg bw showed transient sterility which was
completely reversible after a 3-4 week recovery period following exposure to the high boron diet.
Fertility was not affected in the 50 mg B/kg bw group. The authors concluded that exposure of
male rats to 50 mg B/kg bw for 30 and 60 days in the diet is without significant effects on fertility.

Treinen and Chapin (1991) studied the development of testicular lesions in mature male F344 rats
(approximately 30 animals/group; 17 wk old) exposed to 9,000 ppm boric acid in the diet for
4 weeks, corresponding approximately to 61 mg B/kg bw based on animal weight and food
consumption. Animals were killed after 4, 7, 10, 14, 21 and 28 days of exposure. Inhibited
spermiation began from day 7 of exposure and increased in severity and number of animals
affected afterwards. At day 10, all exposed animals were affected. By day 28, there was advanced
epithelial disorganisation and a significant loss of spermatocytes and spermatids from tubules at all
stages of spermatogenesis. Basal testosterone level in serum was decreased from day 4 and

remained lower than controls throughout the observation period. However, stimulated testosterone
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levels were no different between controls and exposed animals (see Section 6 for further details).
In their discussion, the authors noted that the earliest effect produced by boric acid in this study

was inhibition of spermiation (release of spermatozoa) which appeared by day 7.

Using a Continuous Breeding Protocol, Fail et a/ (1991) exposed male and female Swiss (CD-1)
mice to boric acid for 27 weeks at levels of 0, 1,000, 4,500, or 9,000 ppm in the diet. The authors
reported estimated average doses for males based on feed consumption and body weight to be 0,
27, 111 and 220 mg B/kg bw, respectively, for week 1. Fertility of the parent mice was totally
eliminated at 220 mg B/kg bw and no litters, dead or alive, were produced by cohabited pairs
receiving this top dose. During 14 weeks of cohabitation, fertility of the parental mice was partially
reduced in the mid-dose group. For the first litter in this study, the initial fertility index (percentage
of cohabited pairs having at least one litter) was not significantly different between the doses of
111 mg B/kg bw and 27 mg B/kg bw and the controls. As the duration of the study, and thus the
dosing period, increased, the fertility index declined such that only one of the 20 females from the
mid-dose group had a fourth litter. All other parameters of reproductive performance which were
measured were significantly decreased (p < 0.05) at 111 mg B/kg bw compared to controls. These
included the average numbers of litters per pair, the average number of live pups per litter, the
average live pup weight and the adjusted live pup weight. This trend began with the first mating
and progressed in severity through subsequent matings. The progressive fertility index (percentage
of females in a group having four litters) was also decreased at 111 mg B/kg bw. Crossover mating
trials of control animals and animals exposed to 111 mg B/kg bw confirmed the male as the
predominantly affected sex. Indeed, reproductive success of exposed males with control females
was similar to that when both males and females were exposed. Results at necropsy showed that
27 mg B/kg bw represented a NOAEL for body weight and for those reproductive organ weights
measured (testis and epididymis). Histopathologic examination of tissues from parental animals
revealed significant testicular effects in males exposed to either 111 or 220 mg B/kg bw. Analysis
of  motility, concentration and morphology of sperm demonstrated a clear dose-response
relationship of exposure to boric acid. Sperm concentration was significantly depressed at 111 and
220 mg B/kg bw. Sperm motility was significantly lower than controls in all treatment groups
although at the lowest dose of 27 mg B/kg bw, no significant changes were noted in the male
testes. Reproductive effects on females were minimal and vaginal cytology was normal throughout
the ovulatory cycle. When F1 animals were exposed to 27 mg B/kg bw, the males showed a slight
but not significant decrease in sperm concentration compared to controls but no effects on motility
or morphology were noted. The F1 females exposed to 27 mg B/kg bw had significantly shorter
oestrus cycles than those of controls. Only the F1 animals of the control and low dose groups were
mated after having been exposed to boric acid in utero, during lactation and postnatal growth.

When these F1 animals were mated, fertility was normal. F2 offspring showed a slightly lower
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adjusted mean bw which was statistically significant compared to controls at p < 0.5 (-3% compared
to controls). According to the authors, the NOAEL for the parental generation in this study
approached 27 mg B/kg bw, although at this dose, only the motility of epididymal sperm in the male
animals was affected without any adverse effects on fertility. The F1 males (exposed to
27 mg B/kg bw) had lower though not statistically significant sperm concentrations than controls but
again, fertility was unaffected. Due to the slightly lower adjusted mean bodyweights of pups in the

F2 generation, a true NOAEL for the F2 generation was not established.

Ku et al (1993a) investigated testicular toxicity of boric acid in adult male F344 rats (6
animals/group; 200-220g bw) exposed for 9 weeks at levels of 3,000 ppm, 4,500 ppm, 6,000 ppm
and 9,000 ppm in the diet. According to the authors, these doses corresponded approximately to
26, 38, 52 and 68 mg B/kg bw. Rats in the control and 4,500, 6,000 and 9,000 ppm boric acid
dose groups were placed on control feed and followed for a 32 week recovery period. Animals
exposed to 52 and 68 mg B/kg bw showed severe inhibition of spermiation by week 2 followed by
testis and epididymis weight loss and finally, progression to atrophy in week 9 and 6, respectively.
Rats exposed to 38 mg B/kg bw showed severe inhibition of spermiation by week 2 with some germ
cell exfoliation observed only at week 9 and epididymis weight loss. The animals exposed to
26 mg B/kg bw showed only mildly inhibited spermiation by week 5 and this continued variably until
the end of the exposure period. The authors stated that the NOAEL for testicular effects was
approximately 17 mg B/kg bw (2,000 ppm boric acid) from an earlier unpublished 9 week pilot
study. At 38 mg B/kg bw, partial recovery of inhibition of spermiation was seen at 8 weeks and full
recovery was reported after 16 weeks. In the 52 and 68 mg B/kg bw groups, no evidence of
recovery from atrophy up to 32 weeks after exposure was observed (for further study details, see

Section 6).

5.23 Summary of Fertility Effects

Studies investigating acute oral exposure to borates in the rat as test species identified the male
animal as the most sensitive sex. In a number of studies conducted over the last 30 years, it was
confirmed that exposure of the male rat to boric acid or borax resulted in histopathological changes
in the testes and/or in standard sperm parameters at 175 mg B/kg bw and above (see Table 10).
At higher exposure levels (>525 mg B/kg bw), more serious effects were noted (i.e., atrophy of the
testicular tubules). The effects appeared about 14 days post exposure and were reversible up to
exposure levels of 700 mg B/kg bw after an observation period of about 130 days. In one study
(Dixon et al, 1976; see below), reproductive performance in males was not affected up to single

exposure levels of 450 mg B/kg bw.
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Repeated exposure to borates either by gavage or in the diet produced histopathological lesions in
the testis of the male rat at exposures of about 26 mg B/kg bw and above. At these doses, only
very mild subtle effects were observed histologically i.e. mild inhibition of spermiation (Ku et al,
1993a). In some studies (Lee et al, 1978; Ku et al, 1993a), reversibility of the observed effects is
clearly observed in the first weeks following exposure. In a 3 generation study sterility was clearly
observed in the male rat at 58.5 mg B/kg bw with a NOAEL of 17.5 mg B/kg bw (Weir and Fisher,
1972). Similarly, the male mouse showed minor effects such as subtle changes in sperm motility at
27 mg B/kg bw/d; fertility was normal (Fail et al, 1991).

A possible effect of exposure to borates on female reproductive performance was suggested as
early as 1962 by Caujolle et al. This was confirmed by Weir and Fisher (1972) who noted
decreased ovulation and infertility in female rats exposed to 58.5 mg B/kg bw. In the mouse
however, slight though statistically significant decreases in female reproductive parameters such as
adjusted live pup weight were only noted at exposure levels of 111 mg B/kg bw in the parental
generation. In the F1 generation, exposure of female mice to 27 mg B/kg bw resulted in shorter

oestrus cycles than those of controls, but reproductive performance was unaffected.

5.3 DEVELOPMENTAL TOXICITY IN ANIMALS

This section reviews chronologically the available data from developmental toxicity studies (see

Table 11).

5.3.1 Rabbit

In a developmental toxicity study conducted by NTP (1991) with artificially-inseminated New
Zealand White rabbits (30 female animals/group) does were exposed to 0, 2.5, 125, or 250 mg
boric acid/kg bw by gavage on days 6 to 19 of gestation which are the days of major organogenesis
in this species. These doses correspond to levels of 0, 109, 21.8 and 43.5 mg B/kg bw,
respectively. On gestational day 30, approximately 1-2 days before expected parturition, surviving
female animals were killed. Dead and live foetuses were weighed and live foetuses were killed and
examined for external, visceral and skeletal malformations and/or variations. The following

observations were recorded.

Maternal Toxicity

Pregnant does exhibited no overt symptoms attributable to boric acid toxicity except that a

decreased food intake (30% reduction vs. controls during exposure period) and vaginal
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bleeding was noted at 43.5 mg B/kg bw between gestational days 19 - 30. All high-dose
animals with vaginal bleeding had no live foetuses at sacrifice. The authors considered 43.5
mg B/kg bw as the LOAEL for pregnant does and 21.8 mg B/kg bw as the NOAEL for
maternal toxicity.

Developmental Toxicity

Rabbits were very susceptible to prenatal mortality at the highest dose in this study
(43.5 mg B/kg bw) since 90% of implants/litter were resorbed in this group compared to 6%
for controls. At 21.8 mg B/kg bw/d, no difference in percentage resorptions per litter were

seen, compared to controls,

Average foetal bodyweight per litter was 92% of the controls at the high dose
(43.5 mg B/kg bw) but even at this exposure, it did not reach statistical significance possibly
due to the low number of pups surviving. An increased incidence of malformed live
foetuses/litter was observed at 43.5 mg B/kg bw, primarily due to cardiovascular defects (72%

for major defects of heart and/or great vessel in the high-dose group vs. 3% in controls).

There were no variations between groups concerning the incidence of skeletal malformations.
The only skeletal variations of interest was a dose related reduction in the incidence of extra
ribs on Lumbar | which the authors did not consider to be toxicologically important, Overall,
the rabbit skeletal system was less sensitive to the developmental toxicity of boric acid. Since
no definitive developmental effects were observed in animals exposed to either 10.9 or
21.8 mg B/kg bw, the authors concluded that 21.8 mg B/kgbw was the NOAEL for

developmental toxicity.

5.3.2 Mouse

A study of developmental toxicity of boric acid in mice was carried out by Heindel et al (1992).
Time-mated Swiss albino CD-1 mice (approximately 30 female animals/group) were exposed to
boric acid at 0, 0.1, 0.2 or 0.4% in the diet for the entire period of gestation (days 0 to 17).
Average daily doses reported were 0, 248, 452, or 1,003 mg boric acid/kg bw which corresponded
to 43, 79 and 175 mg B/kg bw, respectively. On killing, maternal and foetal bodyweights were
taken and foetuses were subsequently examined for external, visceral and skeletal malformations

and/or variations. The following observations were recorded.
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Maternal Toxicity

Maternal toxicity associated with exposure included effects on bodyweight gain and on organ
weights. At the high dose (175 mg B/kg bw), boric acid caused a reduction in maternal weight
gain during treatment but weight gain corrected for uterine weight was not affected. At this
dose increased relative kidney weight and increased relative food intake were also noted.
Mild renal lesions (tubular dilation with or without regeneration) were observed at all dose
levels in the study. Based on their assessment of histologically apparent kidney lesions, the

authors considered that a maternal NOAEL was not reached in this study.

Developmental Toxicity

Exposure to boric acid during gestation was not associated with pre-implantation loss in any of

the dose groups, but increased post-implantation loss was noted at 175 mg B/kg bw.

At 175mg B/kg bw, foetal bodyweight was reduced by 33% (average of both sexes) compared
to controls. At 79 mg B/kg bw, a less severe foetal weight reduction was observed (11%).
Boric acid also had significant effects on foetal morphology. The incidence of malformed
foetuses/litter was significantly increased at 175 mg B/kg bw but not at lower doses. The
increase in malformations was primarily due to skeletal defects and included an increased
incidence of short rib Xlll. Looking at skeletal variations, the authors observed that the
percentage of foetuses with variations/litter was significantly decreased in the low and mid-
dose groups when compared with controls. Specifically, the presence of full or rudimentary
rib(s) at Lumbar | was observed less frequently at 43, 79 and 175 mg B/kg bw than in
controls. Since these anatomical variations for this species and strain are common, the
authors concluded that 43 mg B/kg bw was the NOAEL for developmental toxicity in this
study.

Rat

Heindel et al (1992) investigated the toxicity of boric acid to rats. Time-mated Sprague-Dawley rats

(approximately 30 females/group) were exposed to boric acid at 0, 0.1, 0.2 or 0.4% in the diet for

the entire period of gestation (days O to 20). Average daily doses reported for rats were 0, 78, 163

and 330 mg boric acid/kg bw which corresponded to 0, 13.7, 28 and 58 mg B/kg bw, respectively.

To limit pre-implantation loss and hence allow expression of other types of foetal effects, an

additional group of rats (14 females) was exposed to 0.8% boric acid, equivalent to 94 mg B/kg bw,

on days 6 - 15 of gestation only. When the rats were killed, maternal and foetal bodyweights were
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taken and foetuses were subsequently examined for external, visceral and skeletal malformations

and/or variations. The following observations were recorded.

Maternal Toxicity

All females survived until scheduled termination and pregnancy rates were 90-100% for all
groups. Maternal toxicity was observed at 28, 58 and 94 mg B/kg bw as shown by increased
relative liver and kidney weights at 28 mg B/kg bw and above, and by decreased weight gain
during treatment and gestation at 58 mg B/kg bw and above. According to the authors, the
NOAEL for maternal toxicity was 13.7 mg B/kg bw.

Developmental Toxicity

Increased resorptions and foetal deaths were noted at 94 mg B/kg bw (36% resorptions/litter

compared to 4% resorptions in the controls).

Decreased mean foetal bodyweights/litter were observed at all exposures. At the lowest dose
level (13.7 mg B/kg bw), the mean foetal bodyweight reduction was 6-7% compared to the
control weight (average for both sexes). The percentage of foetuses malformed/litter was
increased at 28 mg B/kg bw and above. Specifically, the incidence of litters containing a
foetus with a skeletal malformation was significantly increased at 28mg B/kg bw and above.
The incidence of litters with one or more offspring with a visceral or external malformation was
increased at 58 mg B/kg bw and at 94 mg B/kg bw, respectively. Anatomical variations were
noted to occur with a lower incidence than controls at 13.7 and 28 mg B/kg bw, due primarily
to a reduction in incidence for rudimentary or full rib(s) at Lumbar I. The authors noted that
this variation is common for this animal species and strain. At 94 mg B/kg bw the incidence of
anatomical variations was significantly increased above control levels. Based on the foetal
bodyweight results, 13.7 mg B/kg bw was considered by the authors to be a LOAEL for the rat
in this study.

A very recent study addressing the developmental toxicity of boric acid in the rat was reported by
Price et al (1994). The objective was to determine a NOAEL for pre-natal effects and to evaluate
post-natal recovery after exposure to boric acid during foetal development. In a first phase (Phase
l), time-mated Sprague-Dawley rats (approximately 30 females/group) were exposed to boric acid at
0, 0.025, 0.050, 0.075, 0.1 or 0.2% in the diet for the entire period of gestation (days 0 - 20).
Average daily doses reported were 19, 36, 55, 76 and 143 mg boric acid/kg bw bodyweight which

were calculated to be 3.3, 6.3, 9.6, 13.3 and 25 mg B/kg bw, respectively. Phase | animals were
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killed on day 20. For postnatal evaluation (Phase ll), additional dams (approximately 30/group)
were exposed to the same levels of boric acid in the diet also for the entire period of gestation. The
calculated daily doses for Phase Il animals were 3.2, 6.5, 9.7, 12.9 and 25.3 mg B/kg bw. These
animals were allowed to deliver and rear their litters until they were killed on postnatal day 21. The
average intake from the diet was less than 0.4 mg B/kg bw for control animals. In both phases,
offspring were evaluted for post-implantation mortality, bodyweight and morphology (external,

visceral and skeletal). The following observations were recorded.

Maternal Toxicity

All females survived until scheduled termination and no characteristic clinical signs were
associated with boric acid exposure. Some minor effects of exposure on maternal weight and
weight gain appeared to be secondary to reduced gravid uterine weight. Relative kidney
weight was increased at the highest dose in Phase | but the effect was no longer evident by
postnatal day 21 in the Phase Il group. The authors concluded that there was little evidence

of maternal toxicity at any of the doses tested (Phase | or II).

Developmental Toxicity

Developmental effects were found in foetuses from animals exposed to 13.3 mg B/kg bw and
above (Phase I} which are mainly associated with foetotoxic activity. Specifically, a reduction
in the mean foetal bodyweight per litter (6% compared to controls) was observed in Phase |
foetuses at 13.3 mg B/kg bw. At this dose, skeletal changes which included an increased
incidence of short rib XHI (considered a malformation by authors of this study) and an
increased incidence of wavy rib (considered a variation) were also observed. At the high dose
for Phase | animals (25 mg B/kg bw), the bodyweight reductions and skeletal changes were
more pronounced. The reduction in incidence in extra rib on Lumbar | (a variation) which was
noted in the previous rat study was not statistically significant here due to the low incidence in
control animals (3.2% in controls in this study compared to 14% in the study from Heindel et
al, 1992). The animals from the Phase Il group which were killed on postnatal day 21 showed
no reduction in pup bodyweight in any group compared to controls, which indicates full
recovery in the offspring already by postnatal day 0 from treatment-related bodyweight effects.
The rib variations observed in the foetuses (wavy rib) from Phase | were not observed in any
dose group in Phase Il. At the highest dose in Phase Il (25.3 mg B/kg bw), an increased
incidence of short rib Xltl was observed. The authors concluded that the NOAELs for the
prenatal and postnatal study phases (Phase | and Phase Il) were 9.6 and 12.9 mg B/kg bw/d,

respectively.
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5.3.4 Summary of Developmental Effects

In the studies addressing developmental toxicity, the dose ranges selected for the animal studies
overlapped (ranging from about 3 to 175 mg B/kg bw) permitting some comparison of the results
obtained across species (mouse, rat and rabbit). Considering the LOAEL’s for developmental
effects (see Table 11), the rat is the most sensitive species for developmental toxicity showing a
slight (about 6%) but statistically significant reduction in foetal bodyweight at 13.3 mg B/kg bw. At
this dose, some skeletal changes were also noted. The LOAEL for the rabbit was defined by
increased prenatal mortality and increased incidence of cardio-vascular malformations at
43.5mg B/kg bw. Finally, the developmental LOAEL in mice was defined by an 11% reduction in
foetal bodyweight observed at 79 mg B/kg bw compared to controls. Some minor variations were
also noted at this dose level. Thus the sensitivity of the species tested to boric acid exposure can
be summarised as rat > rabbit > mouse for developmental toxicity. The developmental toxicity in
rats was observed at a dose which did not induce any significant maternal toxicity. In contrast,
developmental toxicity was observed in rabbits and in mice only at doses which produced maternal

toxicity.

An overall NOAEL for all 3 species can be established unequivocally at 9.6 mg B/kg bw.

5.4 HUMAN REPRODUCTIVE DATA

Two early Russian studies reported reduced sexual function in men exposed occupationally to
borate (Tarasenko et al, 1972) or through drinking water (Krasovskii et al, 1976). As it was not
unequivocally established that exposure was solely to borates, these studies cannot be considered
relevant to the risk assessment. A later critical review of reproductive effects of boric acid (Barlow
and Sullivan, 1982) concluded that there was a lack of adequate evidence about the reproductive
effects of this chemical in human beings based on the above studies. Nevertheless, concern about
the reproductive effects in laboratory animals from ingestion of high levels of inorganic borates led
to a study for potential adverse reproductive effects in male employees (Whorton et al, 1994) at the

U.S. Borax mine and production facility in California.

The method employed was a questionnaire to examine any anti-fertility influence of occupational
exposures by studying the reproductive performance in terms of live births to the wives of workers,
subsequent to specific occupational exposures to sodium borate dust. The results were calculated

as the statistic "standardized birth ratio" or SBR.
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Of the 753 eligible male employees with more than 6 months service, 542 (72%) completed the
questionnaire. The average length of employment of study participants was 16 years. Personal
sampling data of dust exposures for the most exposed jobs were available since the early 1980’s.
Sodium borate dust exposure categories for 8-hours were arbitrarily assigned three categories
described as "high" (> 8 mg/m?, "medium" (3 - 8 mg/m® and "low" (< 3 mg/m®. The range of
exposure in one year was 2 to 35.7 mg/m® (sodium borates) which, for the high exposure group, is

equivalent to a mean of 0.34 mg B/kg bw/d or 24 mg B/d for a 70kg worker.

The number of live children born to wives of the workers after exposure or job assignment was
obtained from the questionnaires and compared to the number of births that would be expected if
the study population had, adjusting for maternal age, parity, race and calendar time period, the
same reproductive experience as a comparable non-exposed population {(data from national fertility
tables published for successive birth cohorts of women in the USA). The results showed that there
were 529 observed births fathered by the participants when only 466.6 were expected from a
statistically significant excess in the standardized birth ratio (SBR) of 113, significant to p < 0.01.
The authors concluded that exposures to inorganic borates up to an estimated maximum of

24 mg B/d did not lead to a reduction in birth rate.
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SECTION 6. MECHANISM OF ACTION OF TESTICULAR
EFFECTS

6.1 GENERALISED SCHEME

The male reproductive system is regulated by a complex interaction between the central nervous

system (CNS), hypothalamus, pituitary and testis, as illustrated below;

j==—== © Hypothalamus

GnRH +

----0 Anterior Pituitary © ---

R |

LH FSH
Testoslterone Inhibin
I
I [ Testes f
: !
Leydig | < Testosterone Seminiferous

v

Cells tubules

1
Sertoli cells +
Germ cells

The hypothalamus synthesises and releases a peptide gonadotropin releasing hormone (GnRH),
which is discharged by regular pulses into the blood stream. The timing of the pulses is critical to
the release of Luteinizing Hormone (LH) and Follicle Stimulating Hormone (FSH) from the anterior
pituitary into the general circulation. Local control of Leydig, Sertoli and germ cells appears to be

modulated by numerous growth factors arising from within the testes (Heindel and Treinen 1989).

The seminiferous tubules comprise two major cell types, Sertoli cells and germ cells. As maturation
of the germ cell occurs in close association with the Sertoli cells, it has been proposed that they
play a pivotal role in cell to cell communication which is needed to control the movement of germ
cells through the seminiferous tubules. This role includes involvement in spermiation (release of

mature spermatozoa).
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6.2 EXPERIMENTAL INVESTIGATIONS

A number of studies have been undertaken which help to provide some insight into the mechanism
of action by which boron-induced testicular dysfunction occurs. The key findings are summarised in

Table 12, which reduced

indicate that borates cause decreased testosterone production,
spermiation (due to accumulation of spermatid at stages VIll and IX) and germ cell loss. Treinen
and Chapin (1991) have provided much of the evidence to support this hypothesis. Boric acid was
The first

pathological testicular effect (inhibition of spermiation) was seen on day 7. This progressed towards

administered to rats via the diet at 9,000 ppm (61 mg B/kg bw) for up to 4 weeks.
exfoliation of viable germ cells and eventually germ cell loss by day 28. No accumulation of boron
in the testes was observed over the treatment period. Leydig cells were not affected by the boric
acid treatment, even though basal serum testosterone concentration was decreased, suggesting the
pituitary control of the Leydig cells and their function remained intact. This was in marked contrast
to the effects on Sertoli cells both with respect to function (inhibition of spermiation progressing with
increasing dose to testicular atrophy) and to the Sertoli cell structure (including epithelial

disorganisation, peripheral spermatid nuclei and the presence of abnormal residual bodies).

Table 12 Mechanism of Action: Testicular Toxicity
Study type Enzyme measurements Hormone assays Testicular histology Reference
Acute rat, gavage ND FSH, LH not affected 1 spermatids stages Linder et al,
VIHAX 1990
30-60d rat, oral 1 in premeiotic activity 1 FSH and LH } spermatocytes, Lee et al,
| in spermiogenesis Testosterone spermatids 1978
unaffected spermatozoa,
germinal aplasia
28d rat, oral ND | testosterone | spermiation germ Treinen and
cell loss Chapin, 1991
9 wk rat, oral ND 1 FSH and LH 1 spermatid IX Ku et al,
testosterone unaffected | spermatozoa 1993a
9 wk mouse, oral ND | testosterone ND Grizzle et al,
1989
16d gerbil, sc t enzymes ND | spermiation germ Sharma, 1978
cell loss
ND = Not done

Two abstracts provide additional supporting evidence that the Sertoli cell is the main target cell in
the testes. Grizzle et al (1989) administered 9,000 ppm boric acid in the diet to mice for 9 weeks
(equivalent to 68 mg B/kg). A decrease in testosterone concentration was observed in the treated

animals. Furthermore, challenge with hCG (human Chorionic Gonadotropin) stimulated testosterone
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production in the control animals (23.5 ng/ml) but only slight increases were observed in the treated
animals (5.3 ng/ml). Anderson et al (1992) reported endocrine responses in sera after 2, 9 or 14
days following administration of boric acid in the diet at 9,000 ppm (68 mg B/kg bw). Hormone
testicular effects were assessed at basal levels and following GnRH and hCG challenge. No
changes in hormone concentrations were observed after exposure to boric acid for 2 or 9 days but
after 14 days the basal FSH concentration was increased and testosterone concentrations
decreased in treated animals compared with the controls. The concentration of LH was unchanged.
Stimulation by GnRH and hCG resulted in relatively higher FSH concentrations in treated rats but
testosterone concentrations were unchanged. These data suggest that boric acid affects the testes,

probably the Sertoli cells, resulting in indirect effects on either the pituitary or the Leydig cells.

In a further study Ku et al (1993a) investigated testicular toxicity in rats given boric acid in the diet
for at levels up to 9,000 ppm for 9 weeks, followed by a 32 week recovery period. Mild inhibition of
spermiation was demonstrated at 3,000 ppm with 25-50% of tubules with retained spermatid at
stage IX, and severe widespread inhibition of spermiation at 4,500 ppm. Testicular atrophy
occurred at 6,000 ppm. Although no accumulation of boron was observed in the testes,
concentrations of testicular boron increased with dose in line with boron serum concentrations. As
serum boron levels decreased following cessation of treatment, so did levels in the testes. Sperm
head counts in the testes and epididymis were monitored with no adverse effect observed at 3,000
ppm. Increases in testes sperm head counts and decreased epididymal sperm counts were
observed at 4,500 ppm (38mg B/kg). Partial recovery from these effects was observed after 8
weeks and total recovery after 16 weeks at 4,500 ppm. The recovery from the mild effects
observed at 3,000 ppm was not monitored. The authors cited a NOAEL of 2,000 ppm (17 mg B/kg)
for inhibition of spermiation based on a preliminary study. This recovery profile is consistent with
data from Linder et al (1990) which showed significant recovery from inhibition of spermiation within

7 weeks following acute boric acid exposure to rats.

6.3 MECHANISTIC INVESTIGATION IN VITRO AND IN VIVO

In other recent publications (Ku et al, 1993b, Ku and Chapin, 1994) the possible mechanism of
action of boron-induced testicular toxicity was investigated still further using in vivo and in vitro
procedures but without any definitive result. Since inhibition of spermiation and possible germ cell
atrophy had been demonstrated it was speculated that decreased testosterone production may be

responsible for this.

The in vivo findings (Ku and Chapin, 1994) were based on investigations following exposure of rats

to boric acid in the diet at levels up to 9,000 ppm for up to 28 days. The flavin content in the
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testes, liver and brain was measured, as it has been demonstrated that exposure of rats to boric
acid may induce riboflavinurea (Roe et al, 1972) which could result in riboflavin deficiency.
Riboflavin (Vitamin B2) is the precursor to flavin adenine dinucleotide (FAD) and flavin
mononucleotide (FMN), both of which are essential co-enzyme derivatives. No significant or

consistent changes in flavin content (FAD/FMN) with time were observed.

The effect of boric acid exposure was investigated in in vitro studies using co-cultures of primary
Sertoli/germ cells to measure the intra-cellular cyclic AMP levels and DNA/RNA synthesis and,
using single cultures of primary Leydig cells, testosterone production was measured (Ku et al,
1993b). No accumulation of cAMP in the co-cultures in the presence of boric acid was observed
at concentrations up to 10mM boric acid (108 mg B/l). Accumulation was observed at 10 mM
(which is 5 to 10 times the highest boron concentration from in vivo studies). A significant
decrease of DNA synthesis was noted at exposures of 1-3 mM boric acid. The authors postulated
that these changes might explain the germ cell atrophy seen in vivo. No changes were seen in
testosterone production in isolated Leydig cells, suggesting a CNS-mediated effect of boric acid

rather than a direct effect.

6.4 CONCLUSIONS

The mechanism of action by which borate is a testicular toxicant is not clear. Since it is established
that boron does not accumulate in the testes even though it is present in testicular tissue during
periods of exposure, it is possible that the continued decreased testosterone production arises via a
CNS mediated mechanism. It is not likely that hormone changes can explain the testicular atrophy
observed at high dose levels since it has been shown that spermatogenesis can be maintained in

the presence of significantly decreased intra-testicular testosterone levels.

Inhibition of spermiation has been investigated and involvement of Sertoli cells is suggested, as
effects on these cells can lead to testicular atrophy. The changes in serum hormone levels may
reflect an indirect effect on the CNS mediated by paracrine and/or autocrine influences. Overall, the

precise mechanism of boron activity on the testes remains to be elucidated.
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SECTION 7. DIETARY EXPOSURE IN MAN

7.1 INTRODUCTION

To provide an objective basis for a risk assessment on the possible reproductive effects of exposure
of man to the inorganic borates, it is essential to be aware of and to consider the role of daily boron

exposure in food, beverages and drinking water.

Boron is a naturally occurring element present widely in the environment in the form of borates and
functions as an essential micronutrient for the healthy growth of all plant life. More specific details
about the boron content of plants and mineral water are given elsewhere (ECETOC, 1995). |t
should be noted here that boronated fertilisers are added - where necessary - to correct boron
deficiency symptoms in plants and to optimise crop yields (Bergmann, 1988). Consequently, the
natural daily dietary intake of borate through food and beverages forms an important part of the

daily exposure for animals and human beings.

There are difficulties in quantifying the actual intake of dietary borate, because of the number of
variables involved, and such estimates are necessarily only approximate. One obvious variable is
the natural boron content of the soil on which the plants have been grown, and whether boronated
fertilisers have been used. The daily intake of boron by man may also vary widely, depending on
the proportions of various food groups in the diet. For example, fresh vegetables, fruit and wine
have a relatively high boron content. There may also be a considerable elevation in the daily boron
intake from drinking water and mineral water, whereas in the former case there are a few areas of
the world with a naturally high environmental background level of borate or in the latter case
geologically conditioned mineral waters which often contain significantly more borate. Finally, the
improvement in analytical techniques during the past 40 years or so, combined with improved
techniques for less adventitious contamination of samples, may explain why current estimates of

daily intake are generally lower than in the older literature.

714 Nutritional Essentiality of Borates

In recent years, dietary studies on animals and man have been undertaken to establish the
nutritional importance of boron since there is no firm evidence that it is an essential dietary
component. Nielsen {1992) suggested that inadequate dietary boron (<0.2 mg B/d) may be one
factor that contributes to susceptibility to bone loss or osteoporosis. Nielsen et al (1987) conducted

a study on 12 postmenopausal women in which they received a conventional diet providing
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0.2 mg B/d for 119 days followed by a boron supplement of 3 mg B/d, as sodium borate, for 24
days. Dietary boron had a marked effect on major mineral metabolism, which could be modified by
the magnesium status of the individuals. The effect of the additional boron supplement was to
reduce the urinary excretion of calcium and magnesium. Beattie and Peace (1993) investigated the
influence of a low boron diet for 3 weeks on bone, major mineral, and sex steroid metabolism in 6
postmenopausal women. During a further 3 week observation period these volunteers were given a
boron supplement of 3 mg B/d, as sodium tetraborate. Changes in boron intake from the basal
dietary level of 0.33 mg B/d to the higher level of 3.33 mg B/d had no effect on minerals or steroids.
Nevertheless, the low boron diet appeared to induce hyperabsorption of calcium since positive

calcium balances were found in combination with elevated urinary calcium excretion.

Whilst the longer of these studies suggests a beneficial effect of boron may be apparent, neither

study demonstrates essentiality. Thus, the role of boron in human nutrition remains to be defined.

7.2 FOOD AND WATER

7.2.1 Food and Beverages (including Mineral Water)

In the 1960s a detailed estimate of the daily dietary intake of borate in France for an adult in normal
health, consuming about 2,800 calories per day, was reported to be about 7 mg boron (without
alcoholic beverages), with an additional 3 to 4 mg boron provided by half a litre of wine (Ploquin,
1967). Any dietary variation in the weight of fresh fruit, vegetables and especially wine - alil with a
high boron content - clearly had a decisive influence on the actual result. In each case the food

item was analysed raw if consumed raw, or after usual cooking.

Samples of U.K. diet for the year 1966/67 on foods including cereals, meat, fish, fats, fruits and
preservatives, root vegetables and milk (in unspecified proportions), provided a mean of 2.8 = 1.5

mg B/d, excluding beverages, except for milk (Hamilton and Minski, 1972, 1973).

This lower average daily dietary intake of boron was also found from a comprehensive study carried
out on the mineral element composition of over 200 Finnish foods (Varo and Koivistoinen, 1980).
The average supply for foods was estimated as 1.7 mg B/d (including dairy products, but excluding
beverages). It was estimated that vegetable foods were an important source of food boron (60% of

input).

The United States Food and Drug Administration prepared a mixed diet composite (USDIET-1),

which included foods and beverages (prepared, cooked and ready-to-eat), to represent the intake of
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25-30 year old males in the USA (lyengar et al, 1987). Analytical results (lyengar et al, 1990) of the
above USDIET-1 (Southeast USA) and USDIET-2 (North Central USA) gave an average daily

intake of 1.5 mg boron.

Based on the published United Kingdom national food survey, (UK Ministry of Agriculture, 1991)
and applying the boron contents found in Finnish foods (Varo and Koivistoinen, 1980), daily dietary
boron values of 0.8-1.9 mg were obtained as an estimate for the UK, It is worth noting that United
Kingdom wine consumption (Gregory et al, 1990) could add a further 1.1-2.4 mg B/d, because of
the high boron content of wine. Using the same method of calculating dietary boron levels, a recent

UK demi-Vegetarian diet had an estimated intake of 2.8-5.5 mg B/d (Draper et al, 1993).

Details of an EU-average diet and an EU-average vegetarian diet have been published
(EUROMONITOR, 1992). Taking these diets and applying the food and beverage boron contents
from a large Finnish study (Varo and Koivistainen, 1980), a range of boron intakes was estimated

as 1.6 to 4.5 mg B/d for average and 2.4 to 7.0 mg B/d for vegetarian diets.

Table 13  Estimated Average Dietary Intake of Borate (mg B/d)

Country Daily Intake Reference
France 10% Ploquin, 1967
Finland 1.7° Varo and Koivistoinen, 1980
UK 28" Hamilton and Minski, 1972
0.8-1.9" MAFF, 1991
1.1-2.4° Gregory et al, 1990
2.8-5.5° Draper et al, 1993
EU 1.6-4.5° Euromonitor?, 1992
2.4-7.0' Euromonitor?, 1992
USA 1.5 lyengar et al, 1990
Canada 1.3 lyengar et al, 1988
*includes 0.5 litres of wine ® EU average diet
® excludes beverages " EU vegelarian diet
¢ from wine consumption ¥ Boron values in food according to Varo and Koivistoinen, 1980

4 demi-vegetarian diet

Mineral water

Analysis of the borate content of 25 commercially available but unspecified mineral waters
(Graffmann et al, 1974) showed a range from <0.02 to 3.23 mg B/I, with an average of around 0.5
mg B/l.
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Allen et al (1989) analysed 37 brands of bottled mineral water, 9 of U.S. origin and the rest of
European origin for chemical composition. There was a wide scatter in the boron content of the
mineral waters, with 8 brands containing >1 mg B/I, the highest being 4.3 mg B/l. The average

boron content for the 37 was 0.13 mg B/I.

The daily intake of mineral water is generally less than that of drinking water, and estimated to be
around 700 ml in Germany (Dieter, 1993). For regular drinkers of mineral water, there may be a

daily intake of perhaps 0.3 mg B on average, or up to about 3 mg B in extreme cases.

7.2.2 Drinking Water

The borate content in fresh water used for the abstraction of drinking water in most parts of the
world is generally less than 1 mg B/l and often less than 0.5 mg B/l. Drinking water is usually a
blend of fresh and ground waters. Less data are available on ground waters used for this purpose,
but in some parts of Southern Europe and particularly in areas of volcanic activity in Italy and
Greece, the borate content is often greater than 1 mg B/I (ECETOC, 1995). Thus the overall
contribution of dietary boron from drinking water assuming an average consumption of 2 l/d is

generally less than 1 mg B.

There is a high natural background level of boron in the surface waters of some parts of the world,
where the drinking water intake of borate may be substantially greater than 1 mg B/l. One recent
published example is the arid region of northern Chile, which is rich in minerals and natural salts
(see section 3.4.2). Water boron content at differing locations along the Loa river basin ranged
from 3.99 mg B/I at Lequena to the exceptionally high 26 mg B/l at Qulilagua (Luis Céaceres et al,
1992). A further study of the same area (Barr et al, 1993) was carried out, in which the range of
boron in the water supplies varied from 0.31 mg B/l to the highest value of 15 mg B/l. The authors
estimated that a daily intake of 1,800 g of drinking water, the highest computed intake (from
drinking water only) would be 27 mg B/d. The authors showed that a high boron content of drinking
water tended to lead to a raised blood boron level in the sample of 40 human beings living in this

area.

7.3 SUMMARY

Various studies indicate that the daily dietary intake of boron in man ranges from 1.3-4.5 mg B/d of
which food and beverages are the major contributors. By comparison, the contribution of boron

intake from drinking water is relatively low (less than 1 mg B/d).
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SECTION 8. RISK ASSESSMENT OF BORATES

8.1 INTRODUCTION

Risk assessment plays a central role in the decision-making process for many chemicals. While
risk assessment is not the sole input to risk management it certainly is an important one. The
process of risk assessment includes a consideration of hazard identification, dose/response

assessment, exposure assessment and risk characterisation.

The evaluation hereafter will focus mainly on the reproductive hazard of borates as this was
identified as the critical toxicological endpoint. The dose-response analysis will permit the
determination of a no observed adverse effect level (NOAEL) or a lowest observed adverse effect
level (LOAEL) which will then be used to calculate a Tolerable Daily Intake (TDI) of boron in the
form of borates for a 60 kg person. The quantitative process to derive a tolerable daily intake
includes the use of uncertainty factors or safety factors in order to weight various confidence
parameters such as adequacy of data base, nature and severity of the effects, intra- and inter-

species variations,

A risk characterisation will be presented for both the general population and specific worker
populations such as borax miners, borate production workers and others using borates
occupationally. Because of the nature of the critical effect and the fact that exposure of young
children to testicular toxicants may present a risk, a need for a specific TD! for this population sub-
group was reviewed by the Task Force. The exposure of this sub-group to boron via diet and water
was considered to be lower (<4 mg B/d) than that for adults and that consequently they were not at

risk.

8.2 HAZARD IDENTIFICATION

A large number of various animal toxicity studies are available for different inorganic borates
covering acute, chronic, genotoxic, carcinogenic and reproductive endpoints. In addition to the
older studies, various more recent studies are available which generally meet current standards.
Most studies of borates have been done with boric acid and borax. Data on the toxicology of

perborate and boric oxide are limited.

Borates were found to be neither genotoxic nor carcinogenic. However acute and repeated

exposure studies consistently showed the testis as a target organ. This was confirmed in fertility
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studies. Developmental effects were found which are mainly associated with foetotoxic activity.
Both, reproductive and developmental aspects are taken as a basis for the following risk

assessment, since they represent the most sensitive endpoints of toxicity for these compounds.

8.3 DOSE/RESPONSE ASSESSMENT

8.31  Fertility

In the present risk assessment four main studies are identified as being pivotal for determination of
a NOAEL. These include a three-generation study in rats (Weir and Fisher, 1972), a two-
generation study in mice (Fail et al, 1991), a 60-day study in rats (Lee et al, 1978) and a 9-week
study with recovery (32 wk) in rats (Ku et a/, 1993a). All these studies concern oral administration
of boric acid and/or borax via the diet. For comparative purposes, doses are expressed as boron

equivalents.

As discussed in Appendix A, the 2-year study in dogs was not used for risk assessment due to a

number of inadequacies.

Reproductive Performance

In male and female rats a clear NOAEL of 17.5 mg B/kg bw was determined whereas at
58.5 mg B/kg bw sterility appeared together with atrophy of testes and decreased ovulation (Weir
and Fisher, 1972). In a male rat study (Lee et al, 1978) a NOAEL was found at 50 mg B/kg bw. At
100 mg B/kg reproductive performance recovered partially after 4 weeks cessation of dosing. In the
male and female mouse a NOAEL was found at 27 mg B/kg bw (Fail et a/, 1991) and at a dose of
111 mg B/kg bw for 60 days decreased fertility was observed, but only from the second litter
onwards. Sterility was observed at 220 mg B/kg bw.

From these studies, the lowest NOAEL in rodents for reproductive performance was

17.5 mg B/kg bw.

in man no effect on reproductive performance was found up to a level of 0.34 mg B/kg bw as

shown in an epidemiology study (Whorton et al, 1994).
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Testicular changes

Although a slight effect on sperm motility was seen in mice at 27 mg B/kg bw (Fail et al, 1991) all
the other parameters measured were normal at this dose level. |n rats a slight increase in a plasma
reproduction-related hormone (follicle-stimulating hormone) was reported at 50 mg B/kg bw (Lee et
al, 1978). These effects were minimal and a no-effect-level was not determined. However the

authors stated that these levels approached the no-effect level.

Ku et al (1993a) found mild and reversible inhibition of spermiation in rats at 26 mg B/kg bw. The
authors reported a NOAEL for testicular effects of 17 mg B/kg bw in a preliminary study.

Overall a NOAEL of 17 mg B/kg bw and a LOAEL of 26 mg B/kg bw could be established for subtle

testicular changes in rodents.
There are no reliable results in human beings for adverse testicular effects.

8.3.2 Developmental Aspects

There are four recent and well conducted developmental toxicity studies performed in rats (Heindel
et al, 1992; Price et al, 1994), mice (Heindel et al, 1992) and rabbits (NTP, 1991). In these studies
the rat was found to be the most sensitive species with a NOAEL of 9.6 mg B/kg bw. At a LOAEL
of 13.3 mg B/kg bw a small decrease in mean foetal bodyweight (6%) a decrease in skeletal
variations and an increased incidence of short rib XlIl was found. The latter effect is reported by
the authors as a malformation, but they recognise it may be considered alternatively as a variation
(Price et al, 1994). Certainly, there is no evidence from this study that presence of short rib Xl
influenced the normal development of affected pups. For the risk assessment the NOAEL of
9.6 mg B/kg bw is used. There are no available data for human beings concerning developmental

effects.

8.4 DERIVATION OF A TOLERABLE DAILY INTAKE (TDI)

8.4.1 Basic Considerations

The criteria for setting quantitative estimates of a TDI are based not only on the determination of a

NOAEL but also on the extrapolation of this level to man based on uncertainty factors.
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Uncertainty factors of 10 are generally applied as default values to allow for extrapolation from
animal data to human beings and for interspecies differencies if insufficient data are available
(Rubery et al, 1990; Lewis et al, 1990; Meistrich, 1992; Renwick, 1993). Uncertainty factors related
to inter and intraspecies extrapolation including severity of the measured parameter have to be

taken into account.

Uncertainty factors may be modified, taking the following into account:

Interspecies considerations

[ Toxicokinetics are comparable in animals and man,

] Comparable mechanisms of action are identified in animals and man,
[ Adequacy of the extrapolation of animal data to human beings,

L] Data base is adequate.

Intraspecies considerations

[ ] No sensitive subpopulation is expected based on metabolism, age or sex,
L] Reproducibility of response within each animal species,

B Adequate human data available,

u A no-effect level has been defined,

[ ] The effects are well defined,

= Recovery from effects.

8.42 Tolerable Daily Intake for Borates

The NOAEL and/or the LOAEL determined for boron at the specific endpoints of reproduction and

development are adequate for determining a TDI, as a threshold for such effects exists.

Interspecies factor

The toxicokinetics of borates in man and animals is similar irrespective of the route of

administration. Borates are not metabolised and so there is no potential source of variation among
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species, with respect to metabolic competence. The same critical effects are found in all animal

species examined.

Since borate distributes throughout body water, differences in distribution between animals and man
are expected to be insignificant. In all animal species tested, the main target organ was the same.
Although no data concerning the target organ and its sensitivity in human beings are available, the
reproductive performance of mine workers exposed to sodium borate dusts was not impaired at the

relatively low doses to which they were exposed.

Consequently an UF of 3, representing half-log base 10 is considered to adequately reflect the
uncertainty in interspecies variation for borates toxicity. This UF is appropriate for both reproductive

and developmental toxicity endpoints.

Intraspecies factor

Because borates are not metabolised the variability within the human population can be expected to

be low. For boron a NOAEL has been determined for both developmental and fertility end points.

The subpopulation of woman of child-bearing age need to be considered with respect to the
possible developmental effects. Also the possibility of testicular effects in the male need to be
considered. These adverse effects are well defined in animals and some recovery has been

demonstrated at the higer dose levels.

Based on the fact that the borates are not metabolised, the effects are similar in all test species and
the no-effect levels are clearly established, the default UF 10 is not justified and can be reduced.
However, taking into account the nature of the toxic endpoints, and that the effects may be severe
at higher dose levels, it would be prudent to apply a UF 10 for the combination of intraspecies

comparison and severity of effects.

8.4.3 Calculation of Tolerable Daily Intake of Boron for Reproductive Effects.

The TDI of boron of a 60 kg person for various reproductive effects is calculated on the basis of the
relevant experimentally determined NOAEL in animals and the application of appropriate uncertainty

factors as follows:
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TDI-= NOAEL x 60kg bw
(UF interspecies)x (UF intraspecies)

Fertility:
TD|—17'5mQB/k9 bw x 60kg bw TDI-35mgB/day
3 x10
Testicular effects:
TD|_17mgB/kg bw x 60kg bw TDI = 34mgB/day
3 x10
Developmental aspects:
To1 - 9.8 mgBlkg bw x 60 kg B TDI = 19.2mgB/day
X

8.5 EXPOSURE ASSESSMENT

8.5.1 General Population

The most significant route of exposure of borates for the general population is via diet and drinking
water. Absorption by the dermal route does not normally occur across the intact skin and inhalation
exposure is unlikely. Therefore these routes are considered negligible. In Europe the dietary intake
of borates could be up to 5 mg B/d and occasionally up to 7 mg B/d for specific subgroups

(vegetarians). The contribution from drinking water is generally less than 1 mg B/d (see Section 7).

It should to be noted that although additional exposure to borates species in other products may

occur, exposure levels will be minimal and are not taken in account in this assessment.

8.5.2 Workforce

Workers may be exposed to borates during mining, processing and handling activities.

Occupational exposure of miners to borate dusts was demonstrated by their elevated boron blood

levels. Culver et al (1994a) calculated the daily borate intake of miners exposed to borate
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containing dust and found levels ranging from 5 to 24 mg B/d as a total daily intake including diet.
This study is thought to represent the maximum likely exposure to borates. At current permissible
exposure levels Time Weighted Average (TWA) for borates recommended by ACGIH are 1 mg/m®
for borax pentahydrate and anhydrous borax and 5 mg/m® for borax decahydrate. With exposure at
such a level, boron intake is at the maximum 6 mg B/d (assuming inhalation of 10 m® of air

containing 5 mg/m® borax decahydrate and 100% absorption).

8.6 RISK ASSESSMENT

8.6.1 General Population

Overall Consumption

Considering the lowest TDI of 19.2 mg B/d as adequate for protection of normal population from
developmental and testicular effects, the current exposure levels are thought to be sufficiently safe

and no special measures should be recommended.

Drinking Water Guideline

Based on the same TDI of 19.2 mg B/d a safe level of boron in drinking water may also be
calculated: considering the assumed adult human consumption of 2 | drinking water/d and the
available dietary exposure to boron, a level of approximately 1 mg B/l in the drinking water (current
EU Guide Level, Council Directive relating to the Quality of Water intended for Human
Consumption, 80/778/EEC) would not pose any heaith risk to the public. The calculated boron
intake from drinking water and food would be respectively 2 and 7 mg B/d at the maximum, leading
to a total daily intake of 9 mg B/d. Based on these data, there is clearly no need to reduce the
current EU Guide Level of 1 mg B/l in drinking water since this level is already conservative and
provides additional safety margins when compared to the lowest TDI of 19.2 mg B/d as calculated

above.

In the Drinking Water Health Advisory (US-EPA, 1992), it is recommend that the relative source
contribution (RSC) from drinking water is based on annual exposure data or, if data are not
available, a value of 20% should be assumed as the drinking water RSC. WHO will, wherever
possible, use data based on mean levels in food, air and drinking water or intakes estimated on the
basis of consideration of physical and chemical properties in order to derive a water guideline value.
Where such information is not available, an arbitrary default value of 10% is used. In deriving the

Drinking Water Guideline for boron, WHO used the 10% default value as the RSC.
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The derivation of a Drinking Water Guideline value in this document has not used a default value as
adequate data are now available on boron levels in foods, beverages, mineral and drinking water

(see Section 7).

Since there are no other significant sources of exposure to boron, the current EU Guide Level for

boron in Drinking Water remains sufficiently conservative.

8.6.2 Workforce

In the case of occupational exposure to a predominantly male workforce only fertility/testicular
effects are relevant and the appropriate TDI should be 34 mg B/d. The available data on miners
most heavily exposed to borates indicate that this TDI is not exceeded. For female workers the TDI
of 19.2 mg B/d, based on developmental effects, is not exceeded provided current recommended

exposure levels are achieved.

8.6.3 Conclusion

Having considered the exposure of human beings to borates in normal and occupational conditions
it is apparent that, even considering a worst case scenario, there is still a margin of safety between
the calculated TDI and the actual intake of boron. |t is concluded that no risk of adverse
reproductive effect, either fertility or developmental, is expected to occur at the current boron

exposure levels.
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APPENDIX A. FERTILITY EFFECTS IN ANIMALS

Studies considered unsuitable for use in Risk Assessment

Acute Exposure (see 5.2.1.)

In an early study by Caujolle et al (1962), Wistar rats were exposed to boric acid in a single dose
by gavage. The animals were divided into three groups (10 males and 10 females per group;
approx. 200g bodyweight; about 10 wk old) and exposed to levels of 3,000, 4,000 or 5,000 mg boric
acid/kg bw, corresponding to 525, 700 and 875 mg B/kg bw respectively. Thirty days after
exposure, testicular lesions were found in survivors from the middle and high dose groups which
included decreased testis volume, decreased number of sperm cells, persistence of Sertoli cells and
hyperplasia of Leydig cells. The authors concluded that the maximal tolerated dose (NOAEL) for

acute exposure was 525 mg B/kg bw.

Bouissou and Castagnol (1965), exposed groups of adult male rats (50 animals/group; at least 7 wk
old) to a single dose of 1,000, 2,000, 3,000, 4,000 or 5,000 mg boric acid/kg bw by gavage,
corresponding to 175, 350, 525, 700 and 875 mg B/kg bw respectively. After this single exposure,
killings were carried out every 10 or 15 days for 130 days. Results of this acute study showed that
testicular tubular atrophy began to appear at the two highest doses from day 20 onwards and were
also partially present in the 525 mg B/kg bw group from day 30. Testicular recovery was complete
in the 525 and 700 mg B/kg bw dose groups but not in the 875 mg B/kg bw group after an

observation period of 130 days.

Repeated Exposure (see 5.2.2.)

Caujolle et al (1962) exposed groups of male and female rats for 30 days to 200, 400 and 800 mg
boric acid/kg bw by gavage, corresponding to 35, 70 and 140 mg B/kg bw, respectively. Full details
of the study protocol were not provided but the authors reported that the animals were observed for
four generations for one year following exposure. Results from the parental matings showed that all
males exposed to 140 mg B/kg bw were sterile. Sterility appeared in males from the
70 mg B/kg bw dose group when these were mated with females from the same exposure group or
from females exposed to 140 mg B/kg bw but not when they were mated with control females. The
authors reported without quantification that reduced fertility was found when males exposed to
70 mg B/kg were mated with females exposed to 35 mg B/kg bw. Although the data reporting is

inadequate, a qualitative appraisal of the mating results suggest an additional effect of exposure on
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female reproductive performance. Histopathological testicular changes were frequently or
constantly found in animals exposed to 70 and 140 mg B/kg bw. Sertoli cells were persistent but
degenerate whereas Leydig cells proliferated especially when tubular atrophy increased. No
spermatozoids were found in the epidydimal canals. Only occasional, slight histopathological
testicular changes were found in male animals exposed to 35 mg B/kg bw. No lesions were found
in female reproductivel organs. Although no further details were presented, the authors stated that

animals of the next generations showed normal fertility.

Bouissou and Castagnol (1965) exposed adult male rats (50 animals; at least 7 wk old) to 800 mg
boric acid/kg bw for 30 days by gavage, corresponding to 140 mg B/kg bw. Animals were killed
every 6 days during exposure and then every 10 days during the recovery period (up to 109 d).
Results showed that animals exposed to 140 mg B/kg bw for 30 days had testicular atrophy and
reduced tubular diameter. These effects were observed in some animals at the initial kill, and
increased in severity and in the number of affected animals thereafter until all test animals were
affected. The number of affected animals only began to decrease from day 45 onwards (i.e.
75 days after study start) of the recovery period. One animal of the five remaining still showed

partial atrophy 79 days after the end of the exposure period.

In the same publication, the authors briefly described a further study using immature male rats (2
and 3 weeks old) which were exposed to 800 mg boric acid/kg bw (corresponding to
140 mg B/kg bw) by gavage for 30 days. Adequate details of the study protocol and the observed
results were not presented. Summarising their reported studies, the authors conciuded that the
effect of boric acid on testicular tissue was found to be minimal in the pre-puberty phase, maximal

at puberty and moderate at the post-puberty phase.

In the chronic beagle dog study by Weir and Fisher (1972), test groups of animals (4 male and 4
female dogs per group) were exposed to borax or boric acid in the diet at levels of 58, 117 and
350 ppm boron for 2 years, corresponding approximately to 1.5, 2.9 and 8.8 mg B/kg bw. One
male and one female dog from each group (including the control group) were killled and necropsied
after 1 year. With two exceptions, all of the remaining animals were killed at the end of the 2 year
period (week 104) and gross necropsies were performed. The remaining 2 dogs were killed at 117
weeks in order to evaluate the recovery from any potential effects. No remarkable changes were
noted in the animals from any group throughout the 2 year feeding study with either boric acid or
borax. No effects on bodyweight or food consumption were found and, at necropsy, no adverse

findings were reported.
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In a second dog study by the same authors, two additional test groups of animals (again 4 males
and 4 females per group) were exposed to borax or boric acid at 1,170 ppm boron in the diet
(corresponding to 29.3 mg B/kg bw) for a shorter exposure period of 38 weeks. In this test regime,
two male and two female dogs from each group were killed at 26 weeks and most of the remaining
animals were killed at 38 weeks. However, one male and one female dog exposed to the test
substance were placed on control food during a 25 day period following exposure to evaluate
reversibility of effects. Dogs exposed to 29.3 mg B/kg bw showed testicular changes similar to
those observed in the rat study (see Section 5.2.2). Severe testicular atrophy and spermatogenic
arrest were observed in two dogs killed at 26 weeks in the group exposed to borax. Microscopic
examination of the dogs exposed to boric acid showed spermatogenic arrest and atrophy of the
seminiferous tubules at 38 weeks. No other adverse effects were observed in the exposed animals
for the test period of 38 weeks. Evidence from only one animal suggested that the testicular

degeneration may be of a reversible nature.

Based on the results from both dog studies, the authors concluded that 8.8 mg B/kg bw was a
NOAEL for chronic exposure in the dog. However, the numbers of dogs which were used by the
authors in both of these studies were too low to provide adequate data for statistical analysis on
reproductive endpoints. For example, only 4 male animals were used as the same controls for both
tested compounds (boric acid and borax) in the 2 year study and of these, one dog was killed after
12 months, 2 were killed at 24 months and the remaining animal was killed at 27 months. Similarly,
in the test groups for the three dietary feeding levels, less than 4 dogs were evaluated at any one
time due to killing at different time intervals. A closer examination of the raw data revealed that
testicular effects were also observed amongst some control animals (in the 38 week study). Some
doubts may thus be raised on the validity of these results for the establishment of an animal
NOAEL for this reproductive endpoint. Finally, there are difficulties associated with the use of dogs
for reproductive studies such as their seasonal breeding performance, inbreeding factors and
insufficient historical background data which altogether suggest that the dog is not an appropriate
model (ICH, 1992). Because of these arguments, the use of the data from these dog studies for a

quantitative risk assessment of reproductive toxicity should be cautioned.

In a subchronic study by the US National Toxicology Program (NTP, 1987) which formed part of a
carcinogenicity programme (see section 4 for further details), B6C3F, mice (10 males and 10
females per group) were exposed to boric acid in the diet at levels of 0, 1,200, 2,500, 5,000, 10,000
and 20,000 ppm for 13 weeks. These levels corresponded to 0, 34, 71, 142, 284 and
568 mg B/kg bw for males and 0, 47, 98, 196, 392 and 784 mg B/kg bw for females based on
reported feed consumption of controls at week 4 of the study. Over 60% mortality was observed at

20,000 ppm and a significant reduction in bodyweight gain in both males and females was reported
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at the three highest exposures (5,000, 10,000 and 20,000 ppm). At doses > 5,000 ppm

(142 mg B/kg bw for the male), degeneration or atrophy of the seminiferous tubules was observed.

In the follow-up carcinogenicity study (NTP, 1987), BEC3F, mice (50 males and 50 females per
group) were exposed to boric acid in the diet at levels of 0, 2,500 and 5,000 ppm for 2 years.
According to the authors, these levels corresponded approximately to 0, 78 and 201 mg B/kg bw
respectively. At 201 mg B/kg bw, an increased incidence of testicular atrophy and interstitial cell

hyperplasia was reported in males.

Harris et al (1992) investigated the reproductive toxicity of boric acid to Swiss CD-1 mice as part of
an assessment of a short-term screening protocol. Groups of male animals (10 animals/group; 12-
14 wk old) were exposed to boric acid by gavage at concentrations of 0, 120, 400 and 1,200 mg
boric acid/kg bw from study day 3 to necropsy on day 20. Groups of female animals (10
animals/group; 12-14 wk old) were exposed to the same levels of boric acid from study day O to day
20. These doses correspond to 0, 21, 70 and 210 mg B/kg bw. Mating occurred during days 8 to
12 and necropsies took place on day 20 (males) and day 21 (females). At 210 mg B/kg bw,
significant histopathological changes in testis were noted including germ cell loss and tubular
disruption. Reduced testis weight was observed at 210 mg B/kg bw and also at 70 mg B/kg bw.
Apart from the testis weight changes, the animals exposed to 70 mg B/kg bw were generally
indistinguishable from controls. In the females, death occurred in 3 animals out of 10 at

210 mg B/kg bw but no significant effects on female fertility parameters were reported.

DRINKING WATER STUDIES

Dixon et al (1976) exposed groups of rats to borax in drinking water for 90 days at concentrations of
0.3, 1.0 or 6.0 mg B/l (numbers of animals used were not reported). Randomly selected animals
were studied following 30, 60 and 90 days of exposure. The authors assumed that the animals
drank approximately an average of 35ml water per day, and calculated the maximum boron daily
exposure in this study to be 0.84 mg B/kg bw. The authors reported that this subchronic study
failed to reveal any biologically significant change in clinical serum chemistry, bodyweight, organ
weights (testis, prostate, seminal vesicles) or in hormone plasma levels (follicle-stimulating
hormone, FSH and luteinizing hormone, LH). Further, breeding studies failed to reveal any effects
on male fertility following exposure. The authors concluded that exposure of the male rat to boron
at the levels in the study was without significant reproductive toxicity when administered

subchronically in drinking water.
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Krasovskii et al (1976) exposed groups of white male rats (number of animals not reported; + 300g
bodyweight) to boric acid in drinking water for 6 months at concentrations of 0.3, 1 and 6 mg B/l.
The authors stated that these doses corresponded to 0.015, 0.05 and 0.3 mg B/kg bw, respectively.
At 0.3 mg B/kg bw, the gonad weight/bw ratio was decreased and exposure also caused a decline
in the mobility of spermatozoids, a reduction of their number and in their acid and osmotic
resistance. Rats exposed to 0.05 mg B/kg bw showed a reduction in the number of spermatozoids
and a reduction in their mobility time and acid resistance. However at this dose, other parameters
including weight factors, nature of spermatozoid motility and osmotic resistance were not affected.
The authors concluded that 0.015 mg B/kg bw (equivalent to 0.3 mg B/l) was a no adverse effect

level in this study.

Repeated exposure of male rats to boron in drinking water was only performed in two reported
studies and these data appear controversial. The relevance of the subtle effects observed in the
drinking water study by Krasovskii ef al (1976) either statistically or biologically is questionable
especially since, in a related study, Dixon et al (1976) did not observe any effects on male
reproductive organ weights or on fertility at comparable or higher exposures. As both of these

studies are inadequately reported, a clear no effect level cannot be defined.

DEVELOPMENTAL EFFECTS IN ANIMALS

Harris et al (1992) assessed the developmental toxicity of boric acid in Swiss CD-1 mice in a
screening protocol. Dams (approximately 10 pregnant females/group; 12-14 week old) were
exposed to boric acid by gavage at levels of 0, 120, 400 and 1,200 mg boric acid/kg bw during
organogenesis (days 8-14). These doses corresponded to 0, 21, 70 and 210 mg B/kg bw,
respectively. The pregnant animals were allowed to deliver and pups were examined on postnatal
day 0, 1 and 4. Necropsy occurred for pups and dams on postnatal day 4. Complete resorption of
implants occurred in all females exposed to 210 mg B/kg bw. At all other exposures, no effects

occurred on implantation, number of live pups or pup weights.
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