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Abstract—A simple, rapid, and economical spectrophotometric method is developed for the determination of
sulfur dioxide in sugar and air samples. The developed method is based on a red-brown peroxovanadate com-
plex (Ayax = 470 nm) produced in 2 M sulfuric acid when ammonium metavanadate is treated with hydrogen
peroxide. Under fixed concentrations of hydrogen peroxide and ammonium metavanadate, when sodium met-
abisulfite (Na,S,05 = 2S0,) is added, it preferentially reacts with hydrogen peroxide producing sulfuric acid,
and the unreacted hydrogen peroxide then reacts with ammonium metavanadate; therefore, the concentration
of sulfur dioxide is directly proportional to a decrease in the concentration of the peroxovanadate complex. The
stoichiometric ratio between hydrogen peroxide and ammonium metavanadate as well as the stability constant
of the complex are determined by the modified Job’s method and the respective values are found tobe 1 : 1 and
2.5 x 10* mol™! L, respectively. The system obeys Lambert-Beer’s law in the concentration range 3.57-64.26
ppm of sulfur dioxide. The molar absorptivity, correlation coefficient, and Sandell’s sensitivity values are found
to be 0.649 x 10° L mol~! cm™', 0.9908, and 0.1972 pg cm™2, respectively. The method is applied to the deter-
mination of sulfur dioxide present in commercial sugars and air samples. The results obtained are reproducible
with a standard deviation of 0.02—0.05. For method validation, sulfur dioxide is also determined separately fol-
lowing the AOAC method for an air sample and the ICUMSA method for commercial sugars. The results
obtained by the developed and official methods are in good agreement.

DOI: 10.1134/S1061934808030088

INTRODUCTION volumetric [6, 19] as well as other methods [12-16]
when sulfur dioxide is in low concentrations, because

Sulfur dioxide is one of the most harmful air pollut- ¢ j¢s simplicity and cost-effective instrumentation.

ants [1] as it affects both living organisms and inanimate
structures. It has been identified as one of the main
causes for increasing the acidification of the environment
through the generation of acid rain [2]. Sulfur dioxide
and sulfites are widely used as antioxidants and preserva-
tives in the food industry [3] and are also employed in
sugar manufacturing for improving the final appearance
of the sugar [4]. Although sulfur dioxide is acceptable to
the body in low concentrations, in high concentrations, it
is found to be harmful [2]. As a consequence [1-4], there
is a surge in the interest of developing methods [5, 6] for
its quantitative determination, for example, titrimetry [7,
8], spectrophotometry [1, 8, 9—11], chemiluminescence
[12], fluorimetry [13], flow injection [14], chromatogra-
phy [15], and also polarographic [16] methods. The
determination of sulfur dioxide in air [3, 6, 8], sugar [10,
11], wine [17], and beverage [12, 16, 18] samples are of
particular importance.

Sensitive methods [1, 8—14], particularly spectro-
photometric methods [1, 8—11], are preferred over the

! The text was submitted by the authors in English.

However, one of the spectrophotometric methods [20]
employs rosaniline and formaldehyde, which are con-
sidered to be toxic [21]. Another AOAC method [22]
requires the use of the dye thymol blue, a known pH
indicator. Obviously, the method requires the strict con-
trol of pH and also suffers from a narrow range of sulfur
dioxide determination. Therefore, a new spectrophoto-
metric method for sulfur dioxide is developed in our
work. The method is based on the formation of a red-
brown peroxovanadate complex [23-25], A, =
470 nm, from ammonium metavandate and hydrogen
peroxide in 2 M sulfuric acid. When sodium met-
abisulfite (Na,S,05 = 250,) is added, it preferentially
reacts with hydrogen peroxide, thereby decolorizing
the peroxovanadate complex until its concentration is
less than that of the complex.

EXPERIMENTAL

Apparatus. An Elico spectrophotometer, models
SL171 and SL177 (Hyderabad, India), with 1-cm
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Determination of sulfur dioxide in different samples

MAHADEVAIAH et al.

S | Concentration of sulfur dioxide in pg/mL (£SD) (n = 5) as found by 95% confidence limit values of
amples

new method official method t test F test
Sugar A* 1.51 (£0.02) 1.49 (£0.03) 1.58 2.25
Sugar B* 1.63 (£0.03) 1.61 (£0.05) 1.05 2.77
Air 1.79 (£0.05) 1.75 (£0.07) 1.26 1.96

* Commercial sugars from local market.

matched-optical cells, and an Acculab Digital Balance
readable to 0.0001 g were used.

Reagents. All of the chemicals used were of analyt-
ical reagent grade and the water used here refers to dis-
tilled water.

Ammonium metavanadate solution, 0.01 M. A
weighed amount, 0.2925 g, of ammonium metavana-
date was transferred into a clean 200-mL beaker. It was
dissolved in warm water, and cooled. The solution was
poured into a 250-mL volumetric flask and diluted to
the mark with water.

Hydrogen peroxide solution, 0.025%. Here, 1 mL
of hydrogen peroxide (50%) was transferred into a
50-mL volumetric flask and diluted to the mark with
water. From that, an aliquot, 2.5 mL, was transferred
into a 100-mL volumetric flask and diluted to the mark
with water. It was standardized further by the perman-
ganate method [26] and found to be 0.025%.

Pure sucrose solution, 10%. A weighed amount,
100 g, of sulfite-free sucrose was transferred into a 1-L
volumetric flask. It was dissolved in water and diluted
to the mark with water [20].

Standard sodium metabisulfite solution. A
weighed amount, 0.06 g, of sodium metabisulfite was
transferred into a 100-mL volumetric flask. It was dis-
solved in water and diluted to the mark with water. It
was standardized further by the iodimetric method [13,
20] and found to be 357 pg/mL solution of sulfur diox-
ide.

Sulfuric acid solution, 2 M. This was prepared by
the dilution of concentrated sulfuric acid, 1.98 g cm™,
98%, with water.

Triethanolamine (TEA) 1.5% solution. This was
prepared by dissolving 15 g of triethanolamine (spe-
cific gravity 1.24) in water and diluted to 1 L with water
(8, 22, 27].

Recommended procedure. A series of labeled
10-mL volumetric flasks were arranged. To each flask,
2 mL of 0.025% hydrogen peroxide, aliquots of the test
solution containing 3.57-64.26 pug/mL (0.1, 0.2, 0.3,
0.5,0.7,1.0, 1.2, 1.5, 1.8, or 2.0 mL) of sodium sulfite,
3 mL of 0.01 M ammonium metavanadate, and 3 mL of
2 M sulfuric acid were added. The solution in each flask
was then diluted to the mark with water. The absor-
bance of each solution as well as the blank (the same
test solution containing no sodium metabisulfite) was
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measured against water at 470 nm. The calibration
graph was constructed by plotting the absorbance val-
ues of the (blank—test) solutions against the concentra-
tion, lg/mL sulfur dioxide.

Determination of sulfur dioxide in commercial
sugar. A weighed amount, 40 g, of the sugar sample
was transferred into a 250-mL beaker. It was dissolved
in about 50 mL of water. The resulting solution was
transferred into a 100-mL volumetric flask. About 4 mL
of 0.1 M sodium hydroxide solution was added [20]
and diluted to the mark with water. From that, a 1-mL
aliquot of this solution and a 0.2-mL 357 pug/mL sulfur
dioxide solution per trial were examined for sulfur
dioxide content using the new method as well as by the
official method [20].

Determination of sulfur dioxide in an air sample.
Here, 35 mL of a 1.5% triethanolamine solution were
transferred into the flask of air sampling apparatus, and
air from outside the room was pumped through the flask
for 4 h at the flow rate of 1.3 L/min. After the termina-
tion of sampling, any loss of the trapping solution due
to the evaporation was restored to 35 mL by adding a
1.5% TEA solution. From that, a 1-mL aliquot, a
0.2-mL 357 pg/mL sulfur dioxide solution, and a 2-mL
of 0.5% sulphamic acid were transferred into a 10-mL
labeled volumetric flask and the sulfur dioxide content
of the solution was determined using the new method as
described in the recommended procedure and also by
the official method [27].

RESULTS AND DISCUSSION

The reaction conditions as well as the various exper-
imental parameters affecting the color development and
stability of the complex [23-25] were carefully investi-
gated and optimized for the quantitative determination
of sulfur dioxide in the sugar and air samples. The
experimental variables such as concentrations of
ammonium metavanadate, hydrogen peroxide, types of
acids, and the order of the reagent addition were opti-
mized. For the comparison of the results, sulfur dioxide
was also determined separately following the AOAC
method [27] for the air-trapped sample and the
ICUMSA method [20] for the commercial sugars. The
results obtained for sulfur dioxide both by the devel-
oped and the official methods [20, 27] are shown in the
table. As is seen, the results are in good agreement.
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Therefore, the developed method could be either a sub-
stitute to the official methods [20, 27] or it could also be
an independent method for the determination of sulfur
dioxide in the sugar and air samples.

Effect of the concentration of ammonium meta-
vanadate. Six series, each for 3, 1.5, and 0.5 mL of
0.05 M ammonium metavanadate solutions and 1, 2,
and 3 mL of 0.01 M ammonium metavanadate solu-
tions were arranged. In series 1, 2 mL of 0.025% hydro-
gen peroxide, 3 mL of 0.05 M ammonium metavana-
date, 3 mL of 2 M sulfuric acid, and various volumes
(0.1, 0.3, 0.5, 0.7, or 1.0 mL) of sodium metabisulfite
solutions were added into each flask and diluted to the
mark with water. The absorbance of each solution was
measured at 470 nm. Similarly, the experiments were
also performed, but with 1.5 and 0.5 mL of 0.05 M
ammonium metavanadate solutions, respectively, in
series 2 and 3, and 1, 2, and 3 mL of 0.01 M ammonium
metavanadate solutions, respectively, in series 4, 5,
and 6. The regression equations and r? values were cal-
culated for all of the series and found to be, in that
order, y = 0.0058x + 0.0262, r> = 0.9983; y = 0.0059x +
0.0109, > =0.9997; y = 0.0058x + 0.0046, r> = 0.9988;
y = 0.0054x + 0.0237, » = 0.9974; y = 0.0032x —
0.0300, > = 0.9831; and y = 0.0057x + 0.0210, r* = 1.
Based on these, series 6 involving 3 mL 0.01 M ammo-
nium metavanadate solution was selected as the opti-
mal one for its concentration.

Effect of various acids. Four acids, namely, hydro-
chloric acid, phosphoric acid, sulfuric acid, and acetic
acid, were selected. Three series of experiments were
performed to understand their effect on the linearity
and sensitivity for the effective determination of sulfur
dioxide. Three experimental series involving 10-mL
volumetric flasks were arranged. In series 1, 2 mL
0.025% hydrogen peroxide, 3 mL 0.01 M ammonium
metavanadate, and 3 mL. 2 M hydrochloric acid with
various volumes (0.1, 0.3, 0.5, 0.7, or 1.0 mL) of
sodium metabisulfite solutions were added into each
flask and diluted to the mark with water. The absor-
bance of each solution was measured at 470 nm against
water. Similarly, series 2 and 3 were also performed,
but with 3 mL 2 M phosphoric acid and 3 mL 2 M sul-
furic acid solutions, respectively. The regression equa-
tions and r? values were calculated for all of the series
and were found to be: y = 0.0064x + 0.0099, r? =
0.9967; y = 0.0061x + 0.0251, r* = 0.9855; and y =
0.0061x — 0.0037, r* = 0.9982, respectively, for
series 1-3. Based on these values, series 3, involving
3 mL of 2 M sulfuric acid, was selected as the optimal
one for an acidic medium. Finally, when the experiment
was repeated with 3 mL 2 M acetic acid, the system
failed to immediately produce color.

Effect of the concentration of sulfuric acid. Four
series of experiments were performed with 3, 2, and
1 mL 2 M sulfuric acid and 3 mL 4 M sulfuric acid
solutions, respectively, in series 1-4. The regression
equations and r? values were calculated for all of the
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series and were found to be: y = 0.0061x — 0.0037, r> =
0.9982; y = 0.0060x + 0.0154, r* = 0.9912; y = 0.0060x +
0.0185, 2 = 0.9900; and y = 0.0054x + 0.0270, r* =
0.9819, respectively, for series 1-4. Based on these val-
ues, series 1, involving 3 mL 2 M sulfuric acid, was
selected as the optimal one for its concentration.

Effect of the concentration of hydrogen peroxide.
Like in earlier experiments, three series of experiments
were performed, but with 1 and 0.5 mL 0.1% hydrogen
peroxide and 3 mL 0.025% hydrogen peroxide solu-
tions, respectively, for series 1-3. The regression equa-
tions and 2 values were calculated for all of the series
and were found to be: y = 0.0055x — 0.0094, r? =
0.9928; y = 0.0057x + 0.0282, r> = 0.994; and y =
0.0061x — 0.0037, r> = 0.9982, respectively, for
series 1-3. Based on these values, series 3, involving
3 mL 0.025% hydrogen peroxide, was selected as the
optimal one for its concentration.

Effect of the order of reagent addition. From the
results of the above four experiments involving opti-
mized volumes and concentrations of the reagents,
namely, hydrogen peroxide, 2 mL 0.025% (A); ammo-
nium metavanadate, 3 mL 0.01 M (C); sulfuric acid,
3mL 2 M (D), were selected for the determination of
sulfur dioxide, 0.3 mL 357 pg/mL (B). Five experi-
ments were performed corresponding to the order of the
reagent addition: A+ B+ C+D;A+C+B+D; B+
D+C+A;B+A+D+C;and B+ C+ D + A. The
absorbance of each solution agreed with those of the
other four solutions and also corresponded to an aver-
age absorbance value of 0.320. Hence, the order of the
addition of reagents is considered to have no influence
on developing the color of the complex [23-25], for
which the stability, K = 2.5 X 10* mol~! L, is determined
using the modified Job’s method [28]. Therefore, it
would be possible to assume that hydrogen peroxide
either combines with the complex NH,[VO(O,)SO,]
stoichiometrically 1 : 1, as determined by Job’s method
[28], or reacts effectively with sulfur dioxide [29]. To
maintain the uniformity of the order of the reagent addi-
tion, the order A + B + C + D was followed throughout
the course of the sulfur dioxide determination.

Color stability of the complex with time. The
color stability of the complex was studied according to
the recommended procedure for 25 pg/mL sulfur diox-
ide. The absorbance of the solution was measured
immediately after mixing and also after various inter-
vals of time for two days. Although the color of the sys-
tem developed immediately after mixing giving the
absorbance value 0.414, the absorbance value 0.333
was attained in 5 min and found to be stable for two
days. The average absorbance is 0.337 (16 measure-
ments).

Calibration graph. Under the optimum experimen-
tal conditions, a good linear relationship is found
between the absorbance values of the complex solu-
tions and concentrations, 3.57-64.26 pg/mL, of sulfur

2008



242

Absorbance

1
440
Wavelength, nm

540

Absorption spectra of the solutions, each containing 2 mL
0.025% hydrogen peroxide, (a) 0.1 mL (3.5 ug mLh,
(b) 0.7 mL (35 pg mL™Y), (¢) 2.0 mL (64.26 ug mL™") of
357 ug mL~! sulfur dioxide, 3 mL 0.01 M ammonium meta-

vanadate, 3 mL 2 M sulfuric acid, diluted to 10 mL with
water.

dioxide, having a straight line with the slope 0.0047 and
intercept —0.0162. The molar absorptivity, correlation
coefficient, and Sandell’s sensitivity values were calcu-
lated and found to be 0.649 x 10° L mol~! em™', 0.9908,
and 0.1972 pug cm2, respectively.

Precision and accuracy. In order to study the accu-
racy and precision of the proposed method, three con-
centrations of sulfur dioxide within the linearity range
3.57, 25.0, and 64.26 ppm (low, medium, and high)
were chosen. Intraday precision was studied by using
the recommended volumes and concentrations of all of
the reagents through five independent analyses. The
standard deviation was found to be in the range 0.02—
0.05. In addition, the accuracy of the new method was
also expressed by calculating the relative error, which
varies between —1.33% and —0.905%.

Reaction mechanism. The developed method is
based on the formation of the red-brown peroxovana-
date complex [23-25] with A, = 470 nm, when
ammonium metavanadate is treated with hydrogen per-
oxide in a sulfuric acid medium:

H,0, + NH,VO; + H,SO,
—— NH4[VO(02)SO4] + 2H20.

The complex is decolorized when sodium metabisulfite
or a sample solution containing sulfur dioxide is added
to the system, since sulfur dioxide preferentially reacts
with hydrogen peroxide producing sulfuric acid [29]:

SOZ + H202 e HzSO4. (2)

Hence, reactions (1) [23-25] and (2) [29] are
responsible for the decrease in the concentration of the
peroxovanadate complex with an increasing concentra-
tion of sulfur dioxide (figure).

Effect of foreign ions. To understand the reaction
selectivity, the interference of common ions, which
often accompany sulfite and metabisulfite, Zn>*, Na*,

CI-, Cu**, Mg?*, NO, , and S*, formaldehyde, glucose,

ey
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and fructose solutions were added and investigated for
the determination of 25 g mL™" sulfur dioxide under
the optimum condition as described in the recom-
mended procedure. The ions Zn** (ZnSO, - 7H,0), Na*
(NaCl), CI- (NaCl), Cu** (CuSO, - 7H,0), and Mg>*
(MgSO,) were found to not interfere in that order up to

683, 3640, 535.5, and 727 pg mL-l. But, NO,

(NaNO,) could be tolerated only up to the 2 ug mL™!
level; however, its interference up to 10 ug mL~' was
overcome by the addition of 1 mL of 1% sulphamic
acid to the sample before analysis [11]. And, S*-
(Na,S), formaldehyde, and glucose/fructose did not
interfere up to 15, 107, and 400 pug mL!, respectively.

Application. The new method was used for the
determination of sulfur dioxide in the samples of two
commercial sugars—sugar A, 1.51 pg mL™' (cal.,
3.775 mg/kg); and sugar B, 1.63 pg mL™! (cal.,
4.075 mg/kg)—and one air-trapped sulfur dioxide
solution, 1.79 ug/mL (table).

4. CONCLUSIONS

The developed method works on the simple and
straightforward principles of the reaction between sul-
fur dioxide and hydrogen peroxide [29] followed by the
reaction of unreacted hydrogen peroxide with ammo-
nium metavanadate producing the peroxovanadate
complex [23-25], A = 470 nm. The method is rapid
since the chemicals involved are readily soluble in
water. As a consequence, their solutions can be pre-
pared in about 30 min. The method is found to be work-
ing satisfactorily for the determination of sulfur dioxide
in sugar samples and an air sample giving results (table)
which are not only comparable with the results of sulfur
dioxide determined using official methods [20, 27], but
are also reproducible as revealed by the values of the
statistical parameters (standard deviation, ¢ test, and
F test). Therefore, the method could be employed for
the determination of sulfur dioxide either as an inde-
pendent or a complimentary method [20, 27]. However,
the method suffers from a low sensitivity when com-
pared to the official methods [20, 27], and the technique
described in this paper requires knowing the precise
concentration of hydrogen peroxide, which is very
unstable in storage. This could be a compromise,
because the new method involves safe and easily wash-
able chemicals when compared to chemicals such as
indicators [22, 30] and rosaniline hydrochloride [20,
27] used in other established [22, 30] and official meth-
ods [20, 27]. Obviously, such methods do require strict
control of the pH. In addition, rosaniline hydrochloride
used in official methods [20, 27] is a known toxic chem-
ical [21] and requires a longer period of time for the
preparation of its solution [20].
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