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Abstract. A flow-injection method has been developed 
for the determination of  total sulphite in wine samples. 
After hydrolysis of bound sulphite, sulphur dioxide is 
separated from the matrix by means of  an in-line gas dif- 
fusion module. For detection indirect amperometry is 
used, with iodine as oxidizing reagent. The iodine can be 
generated in-line by merging and mixing iodate and io- 
dide solutions, or alternatively, electrochemically from 
iodide, With the latter method the best results were ob- 
tained. The reproducibility of  the peak heights is better 
than 2%. The linear range of the method can be regulated 
by adaptation of the current applied to generate the 
iodine reagent. Due to the low detection limits obtained 
(0.05 mgL-*) ,  wine samples can be strongly diluted 
before injection, which makes the sample pretreatment 
fast and simple. Good agreement has been found with the 
results obtained for the total sulphite concentration in 
different wine samples by titration. 

Introduction 

Sulphur dioxide is used as a preservative in wine to pre- 
vent oxidation and bacterial growth. In wine samples it is 
present partly in the free, ionized form and partly bound 
to other constituents such as acetaldehyde. Because of the 
potential toxicity of sulphite, its concentration in wines is 
controlled by law. In the Netherlands, maximum total 
sulphite levels of 160 and 210 mg L -1 are allowed for red 
and white wines, respectively. In the last years, in several 
countries a trend can be discerned towards the produc- 
tion of  wines with lower sulphite concentrations [1]. 

The classical method to determine the total concen- 
tration of  sulphite in wine and other beverages is by 
iodometric titration after hydrolysis of the various 
sulphite complexes and sometimes distillation [2, 3]. 
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However, this is a rather time consuming procedure. To 
achieve a higher sample throughput, several flow-injec- 
tion analysis (FIA) methods have been developed for 
sulphite determinations. In most successful FIA methods 
a gas-diffusion module is used to separate the sulphur di- 
oxide from the acidified matrix. Detection is most often 
performed by spectrometry after mixing with a colour re- 
agent, such as pararosaniline [4-7]  or p-amlnoazo- 
benzene [8]. Alternatively, the decolorization of a dye 
such as malachite green [9, 10] can be used to monitor the 
diffusion of sulphur dioxide through the diffusion mem- 
brane. Other detection schemes in FIA are based on 
chemiluminescence [11, 12] or on enzymatic reactions 
[131. 

Since the use of toxic or expensive reagents is not re- 
quired in amperometry, this could be an attractive detec- 
tion method for sulphite. However, the sensitivity and re- 
producibility of amperometric detection of  sulphite suf- 
fer from the high overpotential required for the elec- 
trochemical oxidation [14, 15]. Fogg et al. [16] circum- 
vented this problem by using indirect amperometry with 
iodine as an oxidizing reagent for sulphite. The iodine 
was produced in-line from iodate and iodide in a reverse 
FIA set-up and the excess of iodine after the reaction with 
sulphur dioxide was measured by amperometry in the 
reduction mode. The decrease of the iodine peak size was 
rectilinear with the sulphite concentration in the sample 
within a certain range. 

In our laboratory indirect amperometric detection 
with iodine has been used in the past for the determina- 
tion of sulphur compounds separated by liquid chroma- 
tography [17, 28]. In these studies the iodine was pro- 
duced in-line from iodide using an electrochemical pro- 
duction cell between the column and the detector. In the 
present study we have adapted this detection scheme for 
the determination of total sulphite in wine samples using 
an FIA system with a gas-diffusion module. Different 
ways to add the iodine reagent have been compared. Total 
sulphite concentrations in wine samples obtained with 
the FIA method have been compared with titrimetric re- 
sults. 
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Experimental 

Chemicals and solutions 

All chemicals used were of analytical grade quality. To 
stabilize the sulphur dioxide, solutions were prepared in 
10% (v/v) ethanol and deaerated with helium prior to 
use. A standard solution with a concentration of approxi- 
mately 200 mg L -~ was prepared from sodium sulphite 
and titrated with iodine to determine the exact concentra- 
tion. This solution was prepared fresh daily, and diluted 
as appropriate directly before use. Bottled wine samples 
were obtained on the local market. Appropriate dilution 
and analysis was performed immediately after opening of 
the bottles. 

Apparatus 

A Gilson (Villiers-le-Bel, France) Minipuls 2 peristaltic 
pump was used with polyethylene pump tubes. Other tub- 
ing was I mm inner diameter PTFE. Samples were inject- 
ed with a Rheodyne valve with a 130 #1 injection loop. 
The gas diffusion cell was home-made. It is constructed 
of  two plexi-glass blocks, each with a groove of  8.0 cm 
length, 2 mm width and 0.2 mm depth, with a gas-perme- 
able PTFE membrane (plumber tape) of  45 gm thickness 
clamped between them. Each groove has an inlet and an 
outlet in order to pass the donor and the acceptor 
streams. In the final set-up a 50 c m x  1 mm i.d. mixing 
coil was used between the injection valve and the diffu- 
sion module and a 20 cm × 1 mm i.d. reaction coil after 
the point of  merging of  the acceptor and iodine solutions. 

The KOBRA electrochemical generation cell (Lamers 
and Pleuger, 's Hertogenbosch, The Netherlands) has 
been described elsewhere [19]. A Metrohm (Herisau, 
Switzerland) E 585 current source was used to supply cur- 
rents of 5 or 25 IxA. The Metrohm wall-jet type ampero- 
metric detector was equipped with glassy carbon working 
and auxiliary electrodes and a Ag/AgI reference elec- 
trode. The outlet of the detector was connected to the 
counter-electrode compartment of the generation cell, to 
sweep away reaction products of this electrode to waste. 
A Model 174A potentiostat/amplifier of Princeton Ap- 
plied Research (Princeton, N J) was operated at 0.00 V for 
the monitoring of iodine. The signal was registered with 
a stripchart recorder. Measurements were performed at 
ambient temperature (21 +_2 °C). 

Results and discussion 

Indirect detection of sulphite 

As has been shown before [17, 18], iodine or triiodide can 
be selectively detected in flowing solutions at a working 
electrode potential of 0.0 V vs. Ag/AgC1. With the elec- 
trochemical detector cell as used here, a coulometric effi- 
ciency for iodine of 7.0+0.5°70 was found at a flowrate of  
1 mL/min.  

An acetate buffer (0.05 mol L -  1, pH 4.7) was used as 
the carrier solution. Three systems have been tested to 
add iodine to the carrier solution. First, dilute triiodide 

solutions (2.10 -5 to 10 -4mOlL-1 iodine and 
0.01 m o l L  -1 potassium iodide in 10070 ethanol) were 
prepared and added through a second line to the carrier 
stream. However, the stability of these solutions was in- 
sufficient. Baseline currents observed with this system 
were not reproducible and showed severe drifting during 
the day. 

In the second system tested, iodine was generated in- 
line from iodate and iodide. In a three-line setup solu- 
tions of potassium iodate (5.10 -6 to 5.10 -5 tool L -1 
and 0.1 tool L -1 HC1 in 10°70 ethanol) and of potassium 
iodide (5.10 -4 to 5.10 -3 mol L 1 in 10% ethanol) were 
merged and mixed in a reaction coil before merging with 
the carrier solution. With this system, reproducible base- 
line currents were obtained. However, even when a long 
mixing coil (90 cm× 1 mm i.d.) was used at the point 
where the iodate and iodide solutions merged, a relatively 
high noise level on the baseline was found due to pump 
fluctuations. Although with low iodate concentrations 
low detection limits for sulphite could still be obtained 
(0.06 mg L -1 with 5 gmol L -~ iodate), the linear range 
of detection was limited to approximately one order of 
magnitude. 

The third system tested was a two-line setup with elec- 
trochemical generation of  iodine. A iodide solution is 
pumped through a generation cell, where iodine is pro- 
duced by oxidation in a concentration proportional to the 
applied generating current. Generating currents of 5 and 
25 gA were used, resulting in iodine concentrations of  
0.78 and 3.9 gmol L 1 at a flow rate of 0.5 mL min-1 in 
this line. Stable detector baseline currents and low noise 
levels, both proportional to the generation current, were 
found. The upper limit of linearity is approximately pro- 
portional to the generating current. In Fig. 1 calibration 
plots for sulphite with 5 and 25 gA generation currents 
are shown. By changing the current, the linear range of 
almost 2 orders of magnitude is easily adapted to the ex- 
pected sulphite concentration in a sample. After a current 
change the baseline stabilizes within 5 min. With the 
5 #A current the detection limit (signal-to-noise ratio of  
2) is 0.05 mg L -  1. 
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Fig. 1. Influence of the generating current on the linear range of detec- 
tion: 5 gA (a) and 25 gA (b) 
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The gas-diffusion module 

To separate sulphite from-possible non-volatile in- 
terferents, a gas-diffusion module has been used. In 
Fig. 2 the total setup is shown schematically. Sulphite 
containing samples were injected into an acidic donor 
solution (0.1 molL -~ sulphuric acid in 10% ethanol) 
which flows over a PTFE membrane. An acetate buffer 
(pH 4.7) is used as acceptor solution, flowing in the same 
direction on the other side of the membrane. By the 
choice of the pH of both solutions a selective transport 
of sulphur dioxide over the membrane is promoted. By 
comparing peak areas obtained with the gas-diffusion 
module with those obtained with direct injection of 
sulphite in the acceptor stream, it was found that the effi- 
ciency of the gas transfer into the module was 33% for 
concentrations between 0.5 and 2 mg L -~. Although it is 
to be expected that with counterflow the transport pro- 
cess will be more efficient, this was not used. With 
counterflow, problems were frequently encountered with 
blockage of the channels and leakage of the membrane. 
Due to the partial recovery of sulphite and increase of the 
dispersion, peak heights were decreased as compared 
with direct injection. With a 5 ~tA generating current the 
linear range was from 0.05 to 2 mg L 1. Repeated injec- 
tions of a 0.9 mg L -~ solution showed a reproducibility 
of 1.6% (n = 11). 

To study the selectivity of the membrane separation, 
solutions of other compounds capable to reduce iodine 
were also injected. For thiosulphate the sensitivity was 
only 2% of that for sulphite. With the injection of solu- 
tions of ascorbic acid up to a concentration of 
0.1mol -~ no signals were observed. The presence of 
high concentrations of carbon dioxide in the sample did 
also not interfere in the detection of sulphite. 

Wine analysis 

Sulphite in wine is partly bound to other components 
such as acetaldehyde and anthocyanin pigments in the 
wines. To determine the total sulphite concentration in 
wine samples, the sulphite has to be liberated from its 
complexes before the analysis, which is promoted by dilu- 
tion of the sample and acidification. Figure 3 shows the 
recovery of sulphite from a white wine sample diluted in 
different ratios with a 0.1 tool L 1 sulphuric acid solu- 
tion in 10°70 ethanol. Due to the low detection limits with 
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Fig. 2. Scheme of  the FIA setup with the gas-diffusion module. (a): car- 
rier solution, 0.1 tool L - I  sulphuric acid; (b) acceptor solution, acetate 
buffer pH 4.7; (e) prereagent, 5 mmol  L -~ KI. All solutions contain 
10°70 ethanol. S, sample (130 ~tl) 
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the proposed method, a high dilution ratio is possible. 
The release of sulphite in 50-100 times diluted samples 
could be accelerated by heating the samples in a 95 °C 
water bath. After 10 rain the recovery was complete. Fig- 
ure 4 shows recorder traces obtained with the proposed 
setup for standard solutions and diluted white and red 
wine samples. The reproducibility for repeated injections 
of a wine sample was 2°70 (n = 7). A through-put of 
24 h ~ was achieved (single injections). 

Table 1. Compar ison  of  the results for wine samples obtained by the 
FIA method with those obtained by titration 

Wine type Origin Sulphite concentration [rag L - / ]  a 

by FIA by titration 

White France 196 _+ 3 194 _+ 3 
White France 174 +_ 5 178 _+ 2 
White Hungary  126 _+ 3 126 _+ 5 
Red France 94 _+ 3 91 _+ 4 
Red Spain 60 _+ 3 64 _+ 4 
Red Bulgaria 69 + 3 72 + 1 

a Mean and 95% confidence interval (n = 3) 
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Fig. 3. Influence of the dilution ratio of  a wine sample 
of sulphite 
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Fig. 4. FIA recorder traces obtained with duplicate injections of  stan- 
dard solutions of 0.9 (a), 1.2 (b), 1.5 (c) and 1.8 (d) m g L  -1 sulphur 
dioxide, a white wine sample diluted 1 : 83 (e) and a red wine sample 
diluted 1 : 50 (f) 
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The  results obta ined  with the F I A  m e t h o d  have been 
compared  with those  obta ined  by the classical t i t ra t ion 
m e t h o d  for several bot t led  wines. The  t i t ra t ion results 
were corrected for the con t r ibu t ion  to iodine consump-  
t ion  by non-sulphi te  compounds .  As is shown in Table 1, 
an excellent agreement  between the two methods  o f  anal-  
ysis has been found.  
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