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ABSTRACT

Boron (B) is a unique nutrient essential for plant metabolic activities at low doses, while dis-
playing toxic properties at high doses. The World Health Organization’s recent guidelines rec-
ommend increasing the drinking water boron concentration limit to a maximum of 2.4mg/L.
The previous limit of 0.5mg/L for drinking water sources (including seawater) was set by the
agricultural sector seeking the unlimited irrigation of boron-sensitive crops. This review sug-
gests a diverse view on the supply of desalinated tap water for irrigation purposes. Currently,
there are no reports of B damage to humans at concentrations below 1.5mg/L, routinely
achieved on the first pass of a reverse osmosis (RO) membrane process. The proposed upper
boron limit is evaluated based on technological advances and human health precautions, and
can be especially useful for countries where desalinated water is directly used in irrigation.
Further B reduction from 1.5 to 0.5mg/L in irrigation water can be achieved not only by mul-
tistage RO, but also by electrocoagulation, electrodialysis, and adsorption-membrane filtration
hybrid systems.
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1. Introduction

Conserving drinking water resources is a pressing
issue worldwide. Due to increasing water demand,
both for potable use and for irrigation, coupled with a
decrease in suitable water sources, suppliers have to
turn to alternative sources of water. Seawater
desalination, as well as the treatment of highly saline
wastewater, has become a standard. The use of these
alternative methods has resulted in an increase in trace
contaminants (such as boron) in the final product.

At low doses, boron is a nutrient necessary for
plant metabolic activities. However, high doses of
boron bring about toxic effects to plants. Boron toxic-
ity symptoms had been observed in chickpeas [1],
wheat [2,3], Eucalyptus [4], date palms [5], pomegran-
ates [6], and stems of Prunus rootstocks [7]. Most

citrus species have a boron tolerance threshold of only
0.40–0.75 g/L [8]. The mechanism of boron toxicity is
still a matter of speculation. It is likely, though, that
soluble boron plays an important role in the occur-
rence of boron toxicity [9]. According to a current
model [10,11], high external supply of boron could
lead to an influx of boric acid into the cell, where it is
partially converted into borate due to the higher inter-
nal pH. In this state, borate most likely forms com-
plexes with a variety of putative legends in the
symplasm. Given that no boron effect is observed at a
concentration equal to or less than 0.4mg/L, it is
deemed as the nonobserved effect level. However, a
boron concentration of at least 1mg/L is already con-
sidered toxic.

Consumptions of high boron doses can result in
acute boron toxicity in humans. The toxicity symp-
toms include nausea, headache, diarrhea, kidney dam-
age [12], fertility problems, and teratogenic effects*Corresponding author.
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