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Boric acid and inorganic borates are abundant in nature and
widely used in industrial, agricultural, cosmetic and many different
applications since a long time.1 Accordingly, large populations are
exposed to certain levels of boron due to these applications and
especially from drinking water. Boron concentrations in drinking
waters show enormous differences across the world. For example in a
study conducted by Yazbeck et al.,2 in Northern France reported boron
concentration around 0.3mg B/L in drinking water. However, studies
in Bigadicregion of Turkey3 and Arica of Chile4 reported extreme
levels of boron in drinking watersamples (Bigadicregion: up to 29mg
B/L in some seasons, Arica: up to 11.3mg B/L). These extreme levels
are a natural consequence of boron deposits located around both
areas. Therefore the total boron intake in daily life generally depends
on the geographical area where people live. The total boron intake
for humans varies between 1.7-7.0mg/day in the United States, 0.81.9mg/day in the European Union and 2.16-2.28mg/day in Australia.5
However, the daily intake of boron can be much higher in populations
living around the boron rich areas as will be mentioned below.
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Hazard assessment of boric acid and inorganic
borates
Boric acid and inorganic borates are not genotoxic, mutagenic and
carcinogenic. However high doses of boron administration exhibit
reprotoxic effects in animal experiments. Boron mediated decreased
sperm count and/or lack of viable sperm were reported in boron
administered male rats and 17.5mg B /kg bw/day was identified as
the NOAEL for these adverse effects. On the other hand decreased
fetal body weight was reported in female rats treated with high level
of boron. The NOAEL for this adverse effect was 9.6mg B /kg bw/
day.6 According to the above mentioned results in animal experiments
(hazard assessment) boric acid and sodium borates are classified as
toxic to reproduction under “Category 1B” with the hazard statement
of “H360 FD” in the CLP Regulation (European Regulation on
Classification, Labelling and Packaging of substances and mixtures).
After this classification many boron containing products were
stigmatized. Additionally, this classification played an important
role in increasing public concern about reprotoxic effects of boron
especially for the populations living around the boron deposits that
lead to a high level of daily boron exposure. However, when this
classification enters into force in 2007, an epidemiological study on
boron exposure conducted in highly boron exposed cohort was not
available.

The results of the epidemiological studies
The results of the epidemiological study in China
The study was conducted in boron mining and/or processing plant
in Liaoning prvince of northeastern China.7,8 The mean daily boron
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exposure of the highly boron exposed group was reported as 37.0mg/
day which reflects environmental plus occupational boron exposure.
This level of boron exposure is much higher than the daily boron intake
levels estimated for different developed countries as mentioned above.
In spite of this high level of boron exposure, statistically significant
differences in semen quality parameters between exposure and control
groups were not reported.8 In a further study the total sperm counts,
sperm concentration, sperm motility, sperm morphology and DNA
damage in sperm cells were determined in a boron exposed worker
group to investigate the possible correlation between these parameters
and blood/urine boron concentrations. However statistically
significant correlations between these parameters were not reported.9

The results of the epidemiological study in Turkey
The study was conducted in boron exposed male workers employed
in Bandirma Boric Acid Production Plant in order to investigate boron
mediated effects on reproductive toxicity indicators. The study group
was exposed to boron via inhalation (occupational exposure) during
their work shift and additionally by drinking water (environmental
exposure). Boron concentration in the drinking water of the study area
was 9.5mg/L. The workers were classified into control, low, medium
and high exposed groups according to their blood boron concentrations.
The calculated mean daily boron exposure was 14.45mg/day for the
high exposure group. The reproductive toxicity parameters (FSH, LH,
testosterone levels, DNA damage in sperm cells, sperm concentration,
motility and morphology parameters) were compared between control
and exposed groups. However, boron mediated unfavorable effects
were not reported. Additionally, the correlations between blood/
urine boron concentrations and the above mentioned parameters were
statistically not significant.10–14

The results of the epidemiological study in Argentina
Argentina have also some boron rich areas. In recent years some
studies were conducted on boron exposure through drinking water in
pregnant woman and the birth size in population living in the Andean
part of the Salta province of northern Argentina (altitude 3180-4070m
above sea level).15 Drinking water is reported as the major source of
boron exposure (377-10929µg B/L) for this Study area. The results
of this study reported an inverse association between elevated boron
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exposure and birth size. This is the first and only epidemiological
study that support the boron mediated decreased fetal bodyweight in
boron exposed females. However, some major confounders have not
been considered in interpreting the results of this study. The studied
population co-exposed to boron and lithium at the same time. The
authors reported an inverse association also between lithium exposure
during pregnancy and fetal size in their earlier published study at the
same sampling area.16 On the other hand, the study area is located
3180-4070m above the sea level. There are many published studies on
the relation between low birthweights and high altitude.17,18 In a study
conducted in Colorado (970-3550m above the sea level) birth weight
declined 121g for every 1000m gain when the effect of altitude was
considered alone. However, the negative effect of the high altitude
on the body weights of newborns has not been taken into account
in the study published by Igra et al.15 Under the above mentioned
circumstances the decreased birth size couldn’t be attributed to the
boron exposure.

What did we learn from epidemiological
studies?
Boron exposed males
The recently published epidemiological studies reveal that daily
boron intake can be much higher in some special geographic areas than
the daily boron intake levels calculated for some developed countries.
Extreme boron exposure levels were reported in both epidemiological
studies in China and Turkey. These exposure levels were far above
the daily boron intake levels for humans in daily life. However,
unfavorable effects on sperm quality parameters were not reported in
epidemiological studies in contrast to the animal experiments. In other
words, hazard based assessment in male experimental animalsare not
in line with the epidemiological studies in male workers even under
worst case exposure conditions. On the other hand, the daily boron
exposure levels provided by the epidemiological studies made it
possible to perform risk based assessment for reprotoxic effects in
men as shown below6,14
RfDboron = NOAELboron / UFboron (chemical specific uncertainty
factor of boric acid=60)
RfDboron = 17.5/60=0.29mg B/kg-bw/day
RfDboron = 0.29x70 (average body weight of a man)
RfDboron = 20.3mg B/day
Accordingly, the daily boron exposure lower than the RfDshould
be safe for adult males and boron mediated reproductive toxicity
shouldn’t be expected. The mean daily boron exposure in the
epidemiological study conducted in Turkey is lower (14.45mg B/day)
than the RFD. Under these circumstances the lack of boron mediated
reportoxic effects in male workers shouldn’t be considered as a
surprise. However the mean daily boron exposure reported in Chinese
study (37.0mg B/day) is above the RFD calculated above. In spite of
the reference dose of boron is being exceeded, reprotoxic effects have
not been reported in Chinese study. From this point of view boron
mediated reprotoxic effects does not seem possible for men under
normal handling and use conditions in daily life.

Boron exposed females
Epidemiological studies on boron exposure in pregnant woman
and the body weights of newborns in highly boron exposed areas are
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inadequate. Recently Igra et al.,15 reported inverse association between
boron exposure during pregnancy and birth size in northern Argentina.
This study, however, shouldn’t be considered as a supportive evidence
for boron mediated developmental toxicity in females. As mentioned
above lithium exposure and the high altitude of the sampling area
have not been taken into consideration in that study. Therefore
comprehensive epidemiological studies are needed especially on body
weights of newborns in highly boron exposed populations.

Conclusion
Hazard identification is an early step in risk assessment and
may offer benefit for regulatory decisions. However, hazard based
classification and labelling of chemicals can be misunderstood and
used to draw false conclusions about risk, without any consideration
of potency or exposure. On the other hand, risk-based approaches
provide practical information concerning the probable risk to the
exposed population.19 The study conducted in Turkey provided daily
exposure levels under worst case exposure conditions.1 Even under this
exposure conditions boron mediated reprotoxic effects have not been
reported.10–13 Additionally, boron mediated reprotoxic effects in male
workers were not reported even in the Chinese study. The mean daily
boron exposure level in this study was far above the RfD calculated
above. Accordingly, risk assessment of boron in occupational settings
reveal that boron mediated reprotoxic effects does not seem possible
for men under normal handling and use conditions in daily life.
Risk-based assessment for boron mediated developmental toxicity in
females is unfortunately not possible in present time due to the lack of
comprehensive epidemiological studies. Therefore, epidemiological
studies on highly boron exposed females are strongly needed.
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