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Abstract The isotopic analysis of boron from material
that carries only trace amounts of boron requires low
boron blank levels. Large efforts are taken to keep blank
levels low by purifying reagents. We performed exposure
experiments and determined procedure blanks before
and after the air-handling system was modified from
silicate glass filters to polyethylene/polystyrole and ac-
tive carbon filters. Our investigations demonstrate that
the air-handling system may be the major source of
boron blank in many laboratories, as the widely used
silicate glass filters, which contain boron as a major
component, in the form of borax and boric acid, release
significant amounts of boron to the air.
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Introduction

The determination of boron concentrations and the
characterization of boron isotopic compositions of
synthetic and natural materials provide a wide range of
applications in industrial processes (e.g., glass or micro
wafers) and various disciplines of natural sciences (e.g.,
geochemistry). Boron is a highly volatile element that
shows significant coordination, temperature, and pH-
dependent fractionation during phase transition. These
properties make boron a suitable tracer for all kinds of
fluid–rock interaction and pH-dependent processes in
low-temperature and high-temperature hydrothermal
systems, magmatic systems, material flux in subduction
zones, or in palaeo-ocenaography [1]. Moreover, boron
is used for various industrial applications and processes,

for instance in the glass and electronic industry [2]. It is
therefore not surprising that the number of laboratories
that have started to analyze boron has increased signif-
icantly over the last decade.

Clean laboratories are commonly characterized in
terms of particles <0.5 lm m�3 air. This characteriza-
tion has proven to be useful for laboratories working
with radiogenic isotopes (e.g., Pb, Hf, Nd, and Sr) and



Sources of blank boron

Boron has a wide range of applications that are relevant
to clean laboratories, for instance in bleaching agents,
washing and disinfecting agents, and in laboratory
glassware (e.g., Duran, Pyrex). However, more than 4%
of the annual consumption of boron minerals and
compounds in the USA in 1997 [2], was used for the
impregnation of fiber and paper as flame retardant.
Filter material used for air-treatment in buildings and
laboratories typically contains 10–30 wt.% boron in the
form of borax or boric acid [4].

Boron contamination performing wet-chemical
preparation may occur during sample decomposition,
ion-exchange chromatography, and sample drying.
Furthermore, there are possible boron contributions
from reagents, laboratory equipment, ambient air, and
the analyst. Commonly, extraordinary efforts are taken
to minimize contamination added from reagents by
performing boron-specific cleaning procedures (e.g., see
refs. [5, 6]). Boron contamination can be minimized by
using clothes cleaned with boron-free washing powders
and laboratory equipment made of Teflon and poly-
ethylene. Nonetheless, in laboratories using technologies
off-the-shelf or being designed for Pb, Nd, and Sr, the
air-handling system may represent the most important
boron reservoir.

Experimental

Air handling in clean laboratory facilities

Typically, clean laboratory facilities are specified in
terms of particles per volume. For instance, a class 100
laboratory has less than 100 particles >0.5 lm m�3 air
(US Federal Standard 209). Because the commercially
built laboratory at the GeoForschungsZentrum Pots-
dam was originally designed for the analysis of the
radiogenic isotopes Sr, Nd, and Pb, and not especially



the signal on mass 43 reached 1·10



TIMS analysis, we conducted systematic boron proce-
dure blank determinations over a period of 8 months.

Results and discussion

Exposure experiments

All exposure experiments show a linear accumulation of
boron with time for both investigated clean laboratory
rooms (Fig. 2). Prior to the replacement of the boron-
bearing glass pocket filters the accumulation rates show
high values between 0.0085 (room A) and 0.0077 (room
B) ng boron min�1 in the Savillex beakers during
exposure of the sample solution. Twenty-five days after
the replacement of the boron-bearing filters with poly-
carbon and active carbon filters, the accumulation rates
decreased systematically to 0.0028 (room A) and 0.0050
(room B) ng boron min�1, which is 30 and 67% of the
initial rates (Fig. 2), respectively. The linear pattern of
boron accumulation in the Savillex beakers as a function
of time (R2 > 0.9896 for all experiments) cannot be



the change of the filter material (Table 1). Before this
change, the blank values were much higher than after
the change. Apparently, the high reagent blanks before
change to polycarbon and active carbon filter materials
reflect air-derived boron contamination that were ac-
quired during the evaporation of 5–70 mL reagent,
which was necessary to reliably determine blank levels,
or that was acquired when the reagents were purified
during distillation. In either case, the reagents were ex-
posed to laboratory air.

Filter materials

Commonly used silicate glass pocket air filters consist of
a glass-wool-like matrix of glass fibers. For new and
used silicate glass filters, we determined boron concen-
trations of 17.9 and 11.8%, respectively (Table 2). The
boron isotope composition of the used material has 0.4
and 2.1& d11B. The 30% lower concentration for used
filters relative to new filters suggests loss of boron from
the filters during use, which is consistent with the high
boron flux in the clean laboratory before August 2001.

Due to fire protection measures, most of the filter
boron occurs as impregnation of crystalline H3BO3 on
the surface of the glass fiber matrix. We speculate that
the mobilized boron exists mainly as gaseous or, in
humidity, dissolved B(OH)3 in the laboratory air, as the
transfer as particles is restricted by the HEPA filters. If a
phase transition of boron from solid in the filters to
gaseous or liquid in the air occur during mobilization
boron-isotope fractionation is likely. Therefore, the
boron isotope composition of the mobilized boron
should be different to that of the original filters.

The newly installed synthetic polycarbon filter mate-
rial made of polyethylene and polystyrol contains very
low boron concentrations between 0.8 and 1.1 lg g�1

boron (Table 2) and, therefore, the risk of significant
boron mobilization from this filter material is minimal.

Conclusions

Boron is widely used as flame-retardant agent in fire-
protection measures in air-handling systems. As shown
here, some air filters contain more than 15 wt.% boron.
This boron is readily mobilized and distributed by the
air-handling system. Volatile boron is not removed by
HEPA particle filters and, therefore, may cause a blank
problem in laboratories that investigate samples with
low boron levels. Exposure experiments and reagent
blank determinations before and after the change of
filter material demonstrate that the change from boron-
rich fibrous silicate glass filters to polyethylene/polysty-
role and/or active carbon filters reduces the boron blank
by more than an order of magnitude.
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