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A simple, rapid and sensitive chemiluminescence method for the determination of sulfite has been
developed by combining flow-injection analysis and its sensitizing effect on the known chemilumines-
cence emission produced by the oxidation of luminol in alkaline medium; in this work permanganate
has been proposed as oxidizing reactive. The optimum conditions for the chemiluminescence emission
were established. The chemiluminescence was proportional to the sulfite concentration over the range
1.6 x 107> and 4.0 x 10~* mol L. The detection limit was 4.7 x 10~ mol L-! of sulfite. The method has
been satisfactorily used for the determination of free and bound sulfite in wines.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Sulfites are frequently used as preservatives in several foods
and beverages, and traditionally they are essentials in the wine-
making as anti-oxidants and bacterial control agents. Even in
the old Greek and Roman costumes of winemaking sulfites
were commonly used. Free sulfur dioxide is the active preser-
vative, but sulfur dioxide bound to organic compounds in the
wine can replenish the free form; this shift over time influ-
ences product flavour and acceptability. The determination of
free and total sulfites is common in wine laboratories because
these parameters affect the sensory properties and evolution of
wines. A negative aspect of the use of sulfites as food preser-
vatives is that they can cause allergenic responses in asthmatics
and skin sensitivity [1]. Also, they interact with some vita-
mins such as thiamin, pyridoxal, nicotinamide, and folic acid
[2].

There are several methods to determine sulfites which can be
used to their determination in wine. The traditional method applied
to foods and beverages is the Monier-Williams method modified by
Rankine and Pocock [3-6] which involves an acid distillation step to
release sulfite as sulfur dioxide, which is transferred, using a carrier
gas stream, to an oxidizing trapping containing hydrogen peroxide
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in an alkaline medium; then the sulfite content is determined as
sulfate using any adequate acid-base titration or gravimetric pro-
cedure. The p-rosanilie method [7] has been accepted by the AOAC
forits applicationin foods but the toxicity of the reagents used could
be an important limitation. Sulfites have been also determined by
ion chromatography using several detection systems [8,9], capillary
electrophoresis [10,11], linear sweep voltammetry [12], on-line
microdistillation with conductimetric detection [13] or stopped-
flow system measuring the light scattering intensity versus time
[14]; most of them have been applied to the sulfite determination
in wine.

Chemiluminescence (CL) analysis has received attention in dif-
ferent fields due to its high sensitivity, wide linear range, and simple
instrumentation. When it is coupled with flow-injection analysis
(FIA) the CL-based FIA method is a cheap, rapid, simple, and repro-
ducible detection procedure and, therefore, has been successfully
applied to the detection of many compounds in a great variety of
matrices.

They are some sulfite CL determinations applied to a variety of
matrices that use diverse luminescence systems: acidic perman-
ganate/riboflavin [15,16] or 3-cyclohexylaminopropanesulfonic
acid [15], tris(2,2%-bipyridyl)ruthenium(Il)-permanganate [17],
platinum(II) complex of coproporphyrin-I and bovine serum albu-
min (PtCP-BSA) [18], and several that use the known CL properties
of luminol: inhibition of electroluminescence of luminol [19], elec-
trostatically immobilized luminol on an anion exchange column
[20], sulfite induced autoxidation of Ni(Il)/tetraglycine complex in
the presence of luminol [21], even an iodometric determination of
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sulfite in an alkaline medium using luminol as chemiluminescence
indicator [22].

Some references concerning to both free and total assess-
ment of sulfite in wines using continuous flow techniques using
several detection principles were published but only three of
them use any luminescence system: oxidation of the disulfite-
mercurate complex with cerium(IV) in an acidic solution in
the presence of riboflavin sulfate [23], suppression of CL from
H, 0, /luminol/EDTA/horseradish peroxidase [24] and CL from the
sulfite-Na,CO3-NaHCO3;-Cu?* system [25].

The strong CL emission by the oxidation of luminol in alkaline
medium is one of the best known and most efficient CL reactions
and the CL mechanism has been previously described [26] that
can be summarized in OH~ removes the nitrogen protons leav-
ing a negative charge which moves onto the carbonyl oxygen to
form an enolate, then the action of the oxidant leads to activated
3-aminophthalate (3-APA*) which emits a strong luminescence.
Different oxidizing can be used, such as hydrogen peroxide, molec-
ular oxygen, hypochlorite or permanganate, mainly in the presence
of some type of initiator or catalyst such as peroxidase, hexacyano-
ferrate(Ill), and compounds or metal ions. In this work, a new
FIA-CL method using permanganate as oxidizing has been devel-
oped for the determination of sulfite which has been applied to the
free and combined sulfite determination in wine.

2. Experimental
2.1. Chemicals and reagents

All chemicals were of analytical-reagent grade or better. All
solutions and dilutions were prepared with ultrapure water (Milli-
Q, Millipore, Bedford, MA). Luminol was purchased from Sigma
(Sigma-Aldrich, Madrid, Spain) and the rest of products were
obtained from Merck (Darmstadt, Germany).

Working solution of 1.2 x 10~4 M KMn0, was prepared daily by
diluting a 3 x 10~3 M KMnO, stock solution. Solution of 2 x 10> M
luminol in 4 x 103 M NaOH was prepared daily and kept in the
darkness. Working solutions of sulfite were prepared by adequate
dilutions from a 500 g mL~! Na,S03 stock solution prepared daily.

2.2. Apparatus

The FIA system used in this work is a very simple configura-
tion consisting on one way for the KMnO,4 solution and another
for the luminol solution when sulfite solutions were injected. To
deliver flow streams, a peristaltic pump Minipuls 3 from Gilson
(GilsonInc.,Middleton, WI, USA) was used. Polytetrafluoroethylene
(PTFE) tubing (0.8 mm i.d.) was used to connect all components in
the flow system. A 100 L loop was placed in the injection valve.
The CL signal was measured by a ChemLab Chemiluminescence
Detector model CL2 (Camspec, Cambridge, UK) where the carrier
streams were mixed through a Y-shaped element previously to the
60 wL/5 mm pathlength glass flow cell. CL data were acquired with
a personal computer using Clarity Lite software (DataApex Ltd.,
Prague, The Czech Republic).

2.3. Proposed procedure

By keeping the six-way valve in washing position, perman-
ganate and luminol solutions were continuously pumped into the
manifold at a flow rate of 1.2mLmin~'. 100 pL sulfite solution
(containing 1.6 x 107> to 4.0 x 10~4 mol L) was injected into the
luminol stream from the valve loop. The content of sulfite was
determined from the calibration plot of CL emission intensity ver-
sus sulfite concentration.

2.4. Analysis of wine samples

In order to obtain the free and bound sulfite content, wine sam-
ples were submitted to the Monier—-Williams distillation procedure
lightly modified. A stream of nitrogen was pumped at room tem-
perature into a 100 mL aqueous solution containing 6 mL of wine
and 10mL of 85% H3POy; free SO, was collected on 2 x 103 M
NaOH. The remaining acid aqueous solution was boiled to collect
the bound SO, on 2 x 10~3 M NaOH. Free and bound SO, solutions
were directly injected into the FIA system for their determina-
tion. To evaluate the proposed procedure, the results obtained were
compared with those from the Ripper-Jaulmes procedure [27,28].

3. Results and discussion

As has been indicated in Section 1, the reaction between luminol
and several oxidants in alkaline media yields, in general, strong
luminescence signals. Also has been previously described by several
authors that the presence of foreign substances can increase the
emission which can be used to their determination [29-33]. In our
case, we have checked that the presence of sulfite enhances the CL
signal.

3.1. Optimization of the experimental conditions

Several tests were performed to choose the best experimental
conditions in order to obtain maximum CL signals. The effect of
NaOH concentration on CL intensity was tested from 4 x 104 to
6 x 10-3 M, using 10~ M luminol and 10~4 M KMnQy, at a flow rate
of 1.0mLmin~!. Fig. 1 shows the effect of the NaOH concentration
when 1.5 x 104 M sulfite was injected. As can be seen, the CL signal
strongly increases below approximately 3.5 x 10-3 M and can be
considered practically constant up to this concentration. A NaOH
concentration of 4 x 10~3 M was chosen as optimum and fixed for
the next optimization tests.

The effect of luminol concentration was investigated over the
range of 4x 1076 to 4x 10-5M. The baseline increased with
increasing luminol concentration. Fig. 1 shows the CL obtained
when 1.5 x 10~4 M sulfite was injected into a stream of variable
concentration of luminol in 4 x 10~3 M NaOH and was mixed with
10-4 M KMnOy at a flow rate of 1.0 mLmin~!. A strong CL increas-
ing can be observed for luminol concentrations lower than 10> M;
from this concentration a lower CL increasing was measured. An
optimal concentration of luminol of 2 x 10~> M was chosen for sub-
sequent experiments due that higher luminol concentration allows
high baseline signals.

By fixing the NaOH and luminol concentrations to the previ-
ously optimized ones, KMnO,4 concentration was increased and CL
signal measured when 1.5 x 10~4 M sulfite was injected (Fig. 1).
As can be seen, the CL increased with the permanganate concen-
tration reaching a maximum value from 5 x 107 to 1.7 x 1074 M;
higher permanganate concentrations resulted in a decrease of the
emission intensity, which could be due to a permanganate self-
absorption [34,35] or formation of a precipitate from KMnO4 in
basic medium [26]. A KMnO,4 concentration of 1.2 x 10~ M was
selected as optimum.

The flow rate is an important factor in flow-injection CL sys-
tems; an optimum flow rate is necessary for maximum collection
of the emitted light in the flow cell to deliver the excited prod-
uct. The effect of the flow rate on CL emission was tested when
1.5 x 10~% M sulfite was injected in the FIA system using the pre-
viously optimized conditions. As can be observed in Fig. 1, the
highest CL intensity was achieved when the flow rate was between
0.9 and 1.4mLmin~! allowing well defined signals. A flow rate of
1.2mLmin~! was chosen for this work.
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Fig. 1. Influence of the analytical parameters on the CL signal.
Table 1
Analysis of wine samples.
Sample Free SO, Bound SO,
Proposed method @ Ripper-Jaulmes method? texp Fexp Proposed method? Ripper-Jaulmes method? texp Fexp
White wine 1 28 +4 23 +1 2.10 16.0 85+ 3 80 +2 2.40 2.25
White wine 2 10+3 11+£2 0.48 225 44 +3 45 +£2 0.48 2.25
Red wine 1 23+3 2142 0.48 225 96+3 98 +4 1.09 9.00
Red wine 2 31+2 33+2 0.61 1.00 68+5 65+ 3 0.96 12.5
2.78 39b 2.78P 39b

a Average of three determinations + standard deviation (mgL-! SO,).
b Critical values for Fand t (P=0.05).

3.2. Linearity, sensitivity and precision for the proposed
procedure

In order to obtain the response linearity, a 10-point (in trip-
licate) calibration curve, based on peak areas, was constructed
using a least-square linear regression analysis of aqueous solu-
tions of sulfite at concentrations ranging between 3.0 x 10~> and
4.0 x 1074 M. A linear relationship was obtained with correlation
coefficients r > 0.999. In order to test the quality of straightlines and
to achieve the true linear range, the procedure of Huber [36] was
applied. The concentration range studied was linear and the cor-
responding calibration equation was y=(3.07 x 108 £ 0.05 x 108)x
+(2033 +483).

Limits of detection and quantitation were calculated as the min-
imum concentration of analyte giving peak whose signal-to-noise
ratio is 3 and 10, respectively. LOD was 4.7 x 10~ M and LOQ was
1.6 x 107> M (R.S.D. 4.2% calculated from a triplicate).

To evaluate the repeatability and the intermediate preci-
sion, aqueous sulfite samples (n=3) at three concentration levels
8.0x 107>, 1.5 x 10~ and 2.3 x 10~* M were measured in one sin-
gle day and 2 day per week during 1 month, respectively. The
repeatability, expressed as relative standard deviation, was in the
range 2.8-3.5%. Intermediate precision, also expressed as relative
standard deviation, was in the range 3.2-4.6%.

3.3. Analysis of wine samples

Four wine samples (two white and two red ones) were analyzed
applying the proposed analytical procedure after the extraction
procedure for free and bound sulfite described in Section 2. Samples
were analyzed in triplicate and the results are shown in Table 1. The
samples were also analyzed by the Ripper-Jaulmes method [28]. As
can be seen (Table 1), good agreement was found between the vol-
umetric and the proposed method, statistically tested using two
significance tests, t-test for the comparison of two experimental
means and the F-test for the comparison of standard deviations
[37].

4. Conclusions

This study presents a rapid chemiluminescence determi-
nation of sulfite using its sensitizing effect on the alkaline
luminol/permanganate reaction into a FIA configuration. The opti-
mization of the experimental parameters has been carried out. The
applicability of the method for the free and bound sulfite deter-
mination in wine has been demonstrated. The simplicity of the
analysis procedure makes the developed method as an attractive
alternative to other ones.
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