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SUMMARY

An indirect cathodic stripping voltammetric method for
the determination of boron was described. The method is
based on monitoring the peak current decrease of As(V)
in the presence of mannitol, copper and selenium in sul-
phuric acid medium. The chemical and instrumental pa-
rameters affecting this peak current decrease were investi-
gated and optimized. The calibration plot for boron was
linear in the range of 9-100 mg/L. Limit of detection was
calculated from the calibration curve to be 2.7 mg/L, and
a relative standard deviation of 2.6 % at the 10 mg/L boron
level (n = 7) was found. The method was applied to high
boron-containing top water samples with recoveries in the
range of 97-105%.
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INTRODUCTION

The essentiality of boron to animals and human beings
has not been identified, but it is essential for plants. Boron
deficiency affects plant growth and yield, but substantial
amounts of boron are toxic to plants and reduce plant yield.
Boron has been classified to be hazardous by the Agency
for Toxic Substances and Disease Registry (ATSDR), and
minimal risk level for boron was given as 0.01 mg/kg/day
for oral exposure [1]. Therefore, it is suggested that excess
boron is toxic for all living organisms [1-3], and, there-
fore, its determination is important in water, soil, food and
some industrial fields, such as metallurgy, electronics, glass
manufacture and the nuclear industry.

Various spectrometric methods, including UV-VIS
spectrophotometry [3-7], atomic absorption spectrometry
[3, 8], atomic emission spectrometry [3, 9], inductively
coupled plasma-atomic emission spectrometry [3, 10, 11],
inductively coupled plasma-mass spectrometry [12-16], and
X-Ray fluorescence spectrometry [17] have been reported

to determine boron in various samples. Advantages and dis-
advantages of these methods have been well-discussed by
Sah and Brown [3]. On the other hand, only few can be
found on voltammetric determination of boron, based on
adsorption of the boron-Beryllon(IIl) complex [18, 19]. In
spite of its good sensitivity, this method is time-consuming
and difficult for routine analysis, due to a boiling step for
15 min and a waiting step for ca. 15 h.

In this study, an indirect determination of boron, for
samples containing mg/L levels of boron, by cathodic strip-
ping voltammetry is described. The principle of the method
is based on monitoring the decrease of As(V) peak cur-
rent, obtained in the presence of mannitol, copper and sele-
nium in sulphuric acid. As(V) is electrochemically inac-
tive, but can be reduced to As(IIl) using mannitol in acidic
medium [20, 21]. The As(V)-peak current depends line-
arly on the concentration of mannitol. On the other hand,
it is well-known that boron (B) reacts with mannitol to
form a complex compound. Hence, the arsenic peak cur-
rents were measured with and without adding boron to the
solution containing As(V) and mannitol. Then, the differ-
ence between two peak current values was used as a sig-
nal to determine the amount of boron indirectly in the solu-
tion, by cathodic stripping voltammetry.

MATERIALS AND METHODS

A Radiometer Pol 150 Polarographic Analyzer, con-
nected with a MDE 150 polarographic stand, was used for
measurements. The analyzer was controlled with Trace
Master 5 software. Three electrode systems with a hang-
ing mercury drop electrode (HMDE) as working electrode,
a Ag/AgCl one with saturated KCl as reference electrode,
and a platinium wire as auxiliary electrode, were used.
Hexa-distilled mercury (Radiometer-Copenhagen) was
used through-out the study for HMDE.

As(V) and B working solutions were prepared from
1000 mg/L (Merck, Darmstadt) standard solutions after
appropriate dilution with deionized water. Sulphuric acid
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(Merck) was used for acidification without further purifi-
cation. The other chemicals used throughout the study
were of analytical grade. All the solutions were prepared
with deionized water having the resistivity of 18.2 MQ.

Various public water samples were collected from Bi-
gadic district of Balikesir City, and stored in a refrigerator
below 4 °C.

In all experiments, the required amounts of As(V),
mannitol, copper(Il), selenium(IV) and sulphuric acid were
transferred to the jacketed voltammetric cell, and the vol-
ume was completed to 10 mL with deionized water to give
final concentrations of 0.8 mg/L, 0.1 mol/L, 22.5 mg/L,
60 pg/L, and 0.1 mol/L, respectively. Then, the cell tem-
perature was adjusted to 35 °C using a thermostat. The volt-
ammetric cell was put into place and stripping carried out
using the square wave mode after the deposition step
without stirring (I,»). For the calibration curve, aliquots of
the B standard solutions were transferred to the voltammet-
ric cell containing As(V), mannitol, copper(Il), selenium(IV)
and sulphuric acid. Then, after dilution to 10 mL with de-
ionized water, the voltamograms were recorded (I ). The
difference of the peak current, (I,)- (I,z), was used as
signal for B determination. All measurements were done in
the presence of dissolved oxygen without nitrogen-purging,
to shorten the analysis time. The same procedure was used
for samples analysis.

RESULTS AND DISCUSSION
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and selenium is shown in Table 1. The peak current in-
creases with increase of deposition potential towards the
negative direction, but peak deterioration was observed at
further negative potential. Therefore, deposition potential
was selected to be —550 mV for subsequent experiments.
This value is the same as given in the literature [18].

The effects of Cu concentration and deposition time
were investigated together, because these parameters are
interrelated (Fig. 1), and determined to be 22.5 mg/L and
90 s, respectively, corresponding to the highest peak current.

TABLE 1 - The variation of peak current with deposition potential
(conditions: 250 pg/L As(V), 0.15 mol/L mannitol, 0.1 mol/L H,SO,,,
40pg/L Se(1V), 22.5 mg/L Cu(Il), t;= 90 s, scan rate 25 mV/s).

Deposition 450 475 -500 -525 -550 -575 -600 -625
potential (mV)
Peakecurrent .3 5 145 osg 403 -581 -776 -956 -1145

(nA)

It has been reported that As(V) becomes electro-active,
when mannitol is used for its reduction to As(IIl) in acidic
medium. Greulach and Henze [19] described a cathodic
stripping voltammetric method for As(V) determination
in the presence of mannitol (0.5 mol/L), copper sulphate
(2x107 mol/L), sodium perchlorate and perchloric acid,
at pH 1.7. Henze et al. [21] modified this method by using
sulphuric acid and selenium, instead of sodium perchlo-
rate and perchloric acid. In both methods, a linear relation-
ship between As(V) peak current and concentration of
mannitol has been observed. Starting from this point, the
principle of our method is based on the reaction between
mannitol and boron that causes a decrease in arsenic peak
current. The decrease, which allows the indirect determi-
nation of B by cathodic stripping voltammetry, varies pro-
portionally with B concentration in the solution.

Our first attempt was to obtain best conditions for a re-
producible peak current of arsenic, depending on mannitol
concentration. For this purpose, instrumental and experi-
mental parameters, such as deposition potential, deposition
time, and concentrations of copper(Il), sulphuric acid, sele-
nium and mannitol, were re-optimized.

Dependence of the peak current on the deposition po-
tential in the presence of mannitol, Cu(Il), sulphuric acid

It is proposed that Se(IV) forms an inter-metallic com-
pound in deposition step, having a significant effect on
the As peak [21]. Therefore, the relationship between As
peak current and Se concentration was investigated. The
peak current increased with Se concentration to a maximum
at 40 ug/L Se, and then slightly decreased until 60 pug/L.
In addition to this, the optimum sulphuric acid level was
found to be 0.4 mol/L, to obtain a significant As peak
current. But, the reaction between mannitol and B was not
quantitative, as desired in strongly acidic solution. For this
reason, 0.1 mol/L sulphuric acid was used for the subse-
quent studies to make the boron-mannitol reaction nearly
quantitative.

——0s
——30s
—&—60s
—m—90s
—0—120s

0 T T 1
0 20 40 60

Concentration of Cu(II) (mg/L)

Peak current (nA)

FIGURE 1 - Effect of varying Cu(Il) for different deposition times
(conditions: 0.15 mol/L mannitol, 0.4 mol/L sulphuric acid, 250 pg/L
As(V), 100 pg/L Se(IV), E;~=550 mV, scan rate: 25 mV/s, pulse
amplitude: —50 mV).

Fig. 2 shows the effect of mannitol on arsenic peak
current, and there is a linear relationship between 0.01-
0.15 mol/L of mannitol. Hence, 0.1 mol/L mannitol was
chosen for subsequent experiments. Ten independent As
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signals were measured under these conditions and the rela-
tive standard deviation was calculated to be 2%.

__ 500 y = 3062x - 21,93
< 400 - R? = 0,9925
£ 300 |
3 200 -
4
3 100 -
o
O T T T 1
0 0,05 0,1 0,15 0,2
Mannitol concentration (mol/L)

FIGURE 2 - The variation of As(V) peak current with con-
centration of mannitol (0.1 mol/L sulphuric acid, 250 pg/L
As(V); 40 pg/L Se(IV), 22.5 mg/L Cu(l); E4~=-550 mV,
ts=90 s, scan rate= 25 mV/s, without stirring).

After a reproducible peak current was recorded for As,
our second attempt was to obtain a decrease in As peak
current, due to boron-mannitol complex formation, when
B was added to the solution. Indeed, As peak current de-
creased after B addition, linearly with B concentration.
Additionally, the temperature effect was investigated and
results are given in Fig. 3. The peak current difference (Al,)
increased with cell temperature, giving a maximum at 35 °C,
and then decreased.

60 -
50 -
40
30 -
20 -
10 -

0 T T T T T T T 1
15 20 25 30 35 40 45 50 55

Alp (nA)

Cell temperature

FIGURE 3 - The variation of peak current difference (Al,)
as a function of cell temperature (conditions: (0.1 mol/L
sulphuric acid, 0.8 mg/L As(V); 40 pg/L Se(IV), 22.5 mg/L
Cu(II); E4=-550 mV, t4;=90 s, scan rate= 25 mV/s, without
stirring).

Under the above selected conditions, a calibration curve
for B was constructed. Fig. 4 shows the voltammograms ob-
tained for calibration. The calibration curve was linear in
the range 9-100 mg/L B, and was described by the regres-
sion equation:
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AL=2.76(+0.14) Cp, + 2.38(+2.82),

where Al}, is the difference between two peak (in nA)
and Cg is the concentration of boron (in mg/L). The corre-
lation coefficient was 0.998. The limit of detection was cal-
culated from calibration curve procedure as described in
reference [20], and found to be 2.7 mg/L.

=7oo -
=00 -
=500 =

=400 =

Current
(-3

=300 -
=Z00 -

-0.66 -0_.7 -0._74 -0.78

Pocential

FIGURE 4 - Voltammograms obtained for calibration curve:
(1) blank (0.1 mol/L sulphuric acid, 0.8 mg/L As(V); 60 pg/L
Se(IV), 22.5 mg/L Cu(Il); E4=-550 mV, t,=90 s, scan rate=
25 mV/s, cell temperature,35 °C, without stirring); (2) 1+20 mg/
L boron; (3) 1+40 mg/L boron (4) 1+60 mg/L boron; .(5) 1+ 80
mg/L boron; (6) 1+100 mg/L boron.

The proposed method was applied to various top wa-
ter samples containing high B concentrations. The accu-
racy of the proposed method was checked using the azo-
methine-H method. Additionally, a recovery test was per-
formed and recovery rates for the samples were calculated
to be 97-105%. For this purpose, water samples were ana-
lyzed with and without B addition in different concentra-
tions, and the results obtained are summarized in Table 2.
Statistical evaluations of the results using Student’s t test
(for 95% confidence level) show that there are no signifi-
cant differences in the mean concentrations obtained by
the two methods.

TABLE 2 - Results obtained from two methods
for the determination of boron in water samples.

Boron Azomethine H
Sample added Boron found R % Method

A - 43(£0.5) - 4.1(£02)
5 9.55 105

B - 7.5(x£0.6) - 7.2(x0.4)
10 17.8 103

C - 8.7(x0.7) - 8.1(x0.4)
15 23.3 97

D - 9.1 (x£0.8) - 9.6 (£0.5)
20 19.6 98

E - 294 (£2.2) - 30.2 (£ 1.4)

(X £5)mgB/L (N=3)
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CONCLUSIONS

The present study described an alternative method for
indirect determination of boron by cathodic stripping
voltammetry. This method has been successfully applied
in water samples with high boron contents. Interferences
caused by organic compounds can be avoided by using UV
irradiation. Additionally, separation and pre-concentration
method based on ester generation, such as the volatile
methyl borate, may be used to eliminate possible interfer-
ences and for determination of boron in samples with con-
tents lower than detection limit of the method.
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