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Determinations of boron in animal tissues were performed by
inductively coupled plasma atomic emission spectrometry
(ICP-AES) with an ultrasonic nebulizer. The method is based
on the microwave digestion of tissues with HNO,;-H,O, and
the use of mannitol as a modifier. It was found that mannitol
can significantly enhance the analytical sensitivity, improve the
precision and minimize the memory effect for the
determination of boron. Acid effect and matrix effects were
controlled by using the Be I 234.861 nm line as the internal
standard. Six animal tissue samples, including two NIST
standard reference materials (Oyster Tissue and Bovine Liver),
were analyzed to test the reliability of the method. A limit of
detection (3s) of 0.7 mg1~ ' and recoveries of added boron
from selected matrices between 95.0 and 100.2% were
obtained.
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In the recent years, interest in the role of boron in human and
animal nutrition has increased rapidly. It is considered that B,
together with Ca and P, helps maintain strong bones and
plays a key role in the production of estrogen and other
hormones. It is also indicated that a deficiency of B may
reduce stamina during exercise, increase the loss of Ca and
Mg from bones and decrease the ability to produce vitamin D.!
Therefore, the demand for reliable determinations of B in food
and biological samples, including animal tissues, is growing.>™

ICP-AES has been widely employed for multi-elemental
analysis, including the determination of B in various mate-
rials.*~° However, ICP-AES with typical pneumatic nebulizers
is often not sensitive enough to detect B when the amount of
sample is limited or if the concentration of B is relatively low.
It is known that an ultrasonic nebulizer (USN) has some
significant advantages over a pneumatic nebulizer.” However,
the USN has not been applied to the determination of some
elements, such as B and Hg, owing to memory effects. The
reasons for the memory effect of B are still not clear. Generally,
it is considered that the memory effects in the USN originate
from the re-nebulization of residual droplets of previously
nebulized solution or the existence of the dead volume for
most elements.® It seems that the memory effect of B has a
different mechanism from that of other elements. For example,
when compared with the blank value, the emission signal was
still very high with a 25 min flush time after a 100mg1~! B
solution was aspirated to the ICP by a USN.® Recently, we
have found that the memory effect in USN-ICP-AES can be
markedly reduced with the addition of mannitol,!° thereby
permitting ultrasonic nebulization to be an efficient sample

introduction technique for the determination of trace levels of
B by ICP-AES.

The accurate determination of B in animal tissues has proven
difficult because of the very low concentrations found in some
tissues and the possible contamination and loss during sample
preparation. The dry-ashing method, which has been success-
fully applied for the determination of B in plants and plant-
derived foods,'®!! is not applicable for some animal tissues
because the tissues cannot be completely oxidized under the
normal ashing conditions. If the residue is moistened with
H,O or dilute HNO; and re-heated in the furnace, most of
the B would be lost. Wet ashing of samples in open flasks with
HNO;-HClO, on a hot-plate is an easy and reliable prep-
aration method for the determination of most mineral elements
in tissues. Using this procedure, however, the samples can be
readily contaminated with B owing to the use of borosilicate
glassware. In the past several years, the microwave digestion
technique has been extensively applied for the sample prep-
aration of many materials.!>'* For the recommended pro-
cedures of microwave digestion, however, substantial volumes
of mineral acids have to be employed with most of the acids
remaining in the vessels after digestion, which would result in
serious acid effects for sample introduction by ultrasonic
nebulization. Correction for acid effects may be carried out by
either matching the acid concentration or internal standardiz-
ation.!*1> The preparation of exact acid matching solutions
with high accuracy is very difficult. In contrast, internal
standardization is readily performed and is advantageous in
that it can simultaneously reduce the effects of both noise
and drift.

In this paper, a method for the determination of B in animal
tissues by ICP-AES is described. The samples were prepared
by microwave digestion and the sample solutions were nebul-
ized and introduced to the ICP by ultrasonic nebulization.
Memory effects were minimized by the addition of mannitol.
The acid and matrix effects were controlled by the use of
internal standardization.

EXPERIMENTAL
Instrumentation and Working Conditions

The microwave system used for sample digestion was an
MDS-81D microwave oven (CEM, Matthews, NC, USA). The
sample solutions were nebulized by a U-5000AT ultrasonic
nebulizer (CETAC, Omaha, NE, USA) with a Gilson
(Worthington, OH, USA) peristaltic pump. Atomic spectro-
metric determinations were carried out with an ARL
3410+ sequential ICP spectrometer (Fisons, Dearborn, MI,
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Fig. 4 Memory effects of 0.5mg 17! B in different media and with
different flush solutions. Medium: (A) 0.1 mol 1~ ! HNO;; and (B) 0.5%
m/v mannitol-0.1 mol1~! HNOj;. Flush solution: period I, H,O
(solid line), 0.1moll™* HNO, (dotted line) and 0.5%
m/v mannitol-0.1 mol 17" HNO; (broken line); period II, 0.5% m/v
mannitol-0.1 mol 1~ ! HNO, for all three lines.

can be seen in Fig. 4(A), a boron solution without mannitol
resulted in a strong memory effect. Although the emission
signal immediately returned to baseline with H,O as the flush
solution, an intense peak immediately appeared and descended
slowly when a mannitol solution was introduced following the
water flush. The signal did not return to the baseline even
after a 5 min flush with dilute HNO; (period I) and a reduced
peak was observed when the mannitol solution was introduced
(period II). The emission signal dropped continuously and
slowly when the mannitol solution was used as the flush
solution for both periods I and II. In contrast, almost no
memory effect was observed when the B solution containing
0.5% m/v mannitol was nebulized, regardless of which flush
solution was utilized [Fig. 4(B)]. In addition, it can be seen
from Fig. 4 that the precision of boron emission signal was
strikingly improved in the presence of mannitol.

The above results indicate that our stated hypothesis, that
the memory effect of B comes from the reaction of B with the
walls of desolvating and condensing tubes, is reasonable. This
reaction not only leads boron to remain in the tubes, but also
results in an increase in the transportation resistance of B from
the aerosol chamber to the plasma torch. When mannitol is
added to the sample solution, a boron—-mannitol complex is
thought to be formed, which is stable enough to prevent B
from binding to the glass walls. As a result, both the memory
effect and the transportation resistance are reduced. The latter
effect will result in an enhancement of boron sensitivity.

Control of Acid and Matrix Effects with the Use of Internal
Standardization

Internal standardization (IS) has been extensively employed
to improve analytical precision and accuracy in quantitative
analytical emission spectroscopy.'* Generally, the roles of IS
are only considered to reduce the effects of noise and drift on
analytical signals and to improve the nebulizer performance
in ICP-AES. Usually, IS is not recommended for the correction

of matrix effects since these effects are mostly related to the
properties of the analytes and matrices.?>?! However, it is
possible to reduce or eliminate the effects of acids and matrices
if the internal standard line has similar excitation character-
istics to those of the analytical line. In this work, the Be I
234.861 nm line was selected to control the possible acid and
matrix effects since Be is very rare in animal tissues, both
analytical and internal standard lines are atomic lines, and the
excitation potential of the internal standard line (5.28 eV) is
close to that of the analytical line (4.96 eV).

The effects on the measurement of B of different concen-
trations of HNOj, which was the only digesting acid employed
in this work, and of four different concentrations of four matrix
elements (Ca, K, Mg and Na at individual concentrations of
200, 400, 600 and 800 mg 17 !) were observed with and without
IS. The results are presented in Fig.5 and Table 3. The
analytical signal is expressed as relative intensity with the
intensity of B I 249.773 nm or the B I 249.773 nm/Be 1
234.861 nm intensity ratio without acid (Fig.5) or matrix
(Table 3) being defined as unity.

Fig. 5 shows that a distinct depression of the emission
intensity of B can be observed in the absence of IS when the
concentration of HNOj is greater than 0.05moll1™!. The
magnitude of the depression increases with increasing concen-
tration of HNQO;. On the other hand, when the internal
standard line is employed, the analytical signal (B 1
249.773 nm/Be 1 234.861 nm intensity ratio) remains constant
until the concentration of HNOj is increased to 0.5 mol 171,
thus, indicating that the analytical signal is more tolerant of
HNO,; with IS than without. At HNO; concentrations
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Fig.5 Effect of HNO,; on B (0.1 mol 17 ') with (&) and without (5)
the use of internal standardization.

Table 3 Matrix effects of Ca, K, Mg and Na (200, 400, 600 and
800mg1~!) on B (0.1 mg1~!) with and without the use of internal
standardization (medium: 0.1 mol 1! HNO; with 0.5% m/v mannitol)

B 1249.773 nm

Matrix/mg 1~* 200 400 600 800
— 1.00 1.00 1.00 1.00
Ca 0.93 0.87 0.82 0.76
K 0.93 0.91 0.88 0.83
Mg 0.93 0.88 0.83 0.80
Na 0.91 0.88 0.83 0.82

B 1249.773 nm/Be I 234.861 nm

Matrix/mg 17! 200 400 600 800
— 1.00 1.00 1.00 1.00
Ca 1.02 1.02 1.02 0.99
K 1.02 1.01 1.03 1.00
Mg 1.00 0.99 0.98 0.96
Na 1.01 1.02 1.02 1.02
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