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Abstract

This work deals with the determination of total sulfite in wine. The determination combines an in-sample hydrogen peroxide oxidation of
total sulfite in alkalized wine to sulfate with the separation and quantitation of the latter anion by zone electrophoresis (ZE) on-line coupled
with isotachophoresis (ITP) on a column-coupling chip. Sample clean up, integrated into the ITP—ZE separation, eliminated wine matrix in
an extent comparable to that provided by a highly selective distillation isolation of sulfite. At the same time, conductivity detection, employed
to the detection of sulfate in the ZE stage of the ITP—ZE combination, provided for sulfate the concentration limit of detection corresponding
to a 90p.g/l concentration of sulfite in the loaded sample (@IP Such a detectability allowed a reproducible quantitation of total sulfite
when its concentration in wine was 15 mg/l. Formaldehyde binding of free sulfite in wine, included into the pre-column sample preparation,
prevented an uncontrolled oxidation of this sulfite form. This step contributed to an unbiased determination of sulfate present in the original
wine sample (this determination corrected for the concentration of sulfate determined in the sample after the peroxide oxidation of sulfite
to the value equivalent to the total sulfite). The 99-101% recoveries of sulfite, determined for appropriately spiked wine samples, indicate a
very good accuracy of the present method. Such a statement also supports excellent agreements of the results of quantitation based on th
in-sample peroxide oxidation of the total sulfite (bound sulfite released at a high pH) with those in which this analyte was isolated from wine
by distillation (bound sulfite released at a very low pH).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction alkalization of wine and release a corresponding amount of
sulfite.

The use of sulfur dioxide and/or oxoanions of S(1V) in the Contents of free sulfite and total sulfite in wine character-
vinification process is essentidl,2]. Sulfite added to wine izeits quality and they are routinely determined (as individual
forms with wine constituents numerous products during this analytical parameters) in winery laboratorjés9]. Analyti-
procesg3-6]. Of these, for example, adducts of sulfite with cal methods recommended to the determination of total sulfite
carbonyl groups of some wine constituents are responsible forin wine usually employ Monier-Williams distillation method
the fact that a part of sulfite is present in wine in a reversibly to selectively isolate sulfitfLl0-12] before its oxidation to
bound form. These adducts decompose on acidification oran equivalent amount of sulfate (sulfuric acid). One of the

numerous modifications of the Monier-Williams distillation
* Corresponding author. Tel.: +421 2 60296379; fax: +421 2 60296706 'M€th0d can be employed in the quantitation of both free and
E-mail addresskaniansky@fns.uniba.sk (D. Kaniansky). reversibly bound sulfite in wingL2]. In this instance, differ-
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ent temperatures at which sulfur dioxide is released from the (— C-TE AN
acidified wine sample provide means for defined isolations i 7 €
of these forms. Q 1S o2 v

The distillation step may be considered a bottleneck of the .j DATP CATP D
analytical methods used in the determination of (total) sul- TBF \..
fite in food and attempts aimed at its elimination are appar- @—/ ?D.ZE
ent (sed9,13-22). For example, when wine is alkalized the 4 C-ZE ‘ ' BE %
reversibly bound sulfite is releasg®-6] and can be imme- J

diately oxidized to sulfate by hydrogen peroxide. As shown _
; . . Fig. 1. An arrangement of the channels on a poly(methylmethacrylate) CC
_recently by Edmond et 6{”'4]_' th_ls approach, combined Wlth chip and the channel dimensions. C-TE: terminating electrolyte channel
ion chromatography quantitation of sulfate, makes possible (9 8,1 volume; 60 mmx 0.2-0.5mmx 0.2-0.38 mm [length< width x
the determination of total sulfite in wine. depth]); C-S: sample injection channel (Q.9/0lume; 12 mmx 0.2-0.5mm
Recently, we developed a method of the determination > 0.2mm); C-ITP: ITP separation channel (f5volume; 59 mm x
of free sulfite in wine using zone electrophoresis (ZE) with 0.2-0.5mmx 0.14-0.2 mm) with a platinum conductivity sensor (D-ITP);

l led isotachobh is (ITP | treat tC-ZE: ZE separation channel (4B volume; 56 mmx 0.2-0.5mmx
on-line coupled Isotachophoresis ( ) Sample pretreatmen 0.14-0.2 mm) with a platinum conductivity sensor (D-ZE); BF: bifurcation

(ITP=ZE) on a column-coupling (CC) chip with integrated section; BE, LE, TE and S: inlets for the background (carrier), leading, ter-
conductivity detectiofil 7]. This simple method, includinga  minating and sample solutions to the chip channels, respectively; W: outlet

rapid conversion of free sulfite to hydroxymethanesulfonate for the solutions from the chip channels.
(HMS), is suitable to the determination of free sulfite in wine
in about 10 min.

The present work was aimed at developing a CC chip 2-2. Chemicals and electrolyte solutions
based method applicable to the determination of total sul-
fite in wine. To keep the sample handling at a minimum, we ~ Chemicals used for the preparation of the electrolyte so-
favored the use of an in-sample oxidation of both the free lutions and the solutions of model samples were obtained
and bound forms of sulfite by hydrogen peroxide at a high from Merck (Darmstadt, Germany), Sigma—Aldrich (Seelze,
pH [14]. The ITP-ZE determination of sulfate formed in this Germany) and Serva (Heidelberg, Germany). Some of them
way, corrected for the content of sulfate presentin the original (hydrochloric acid ang-alanine) were purified by conven-
sample, served as a measure of the total content of sulfite. Detional purification method§26]. Methylhydroxyethylcellu-
velopments of suitable ITP—ZE separating conditions along lose 30000 (Serva), purified on a mixed-bed ion exchanger
with a search for optimum conditions for hydrogen peroxide (Amberlite MB-1, Merck), was used as a suppressor of elec-

oxidation of sulfite in wine were main tasks of this work. ~ troosmotic flow. Added to the electrolyte solutiofisible J),
this cellulose derivative dynamically coated the inner walls

2. Experimental

Table 1
2.1. Instrumentation Electrolyte system
ITP ZE
A schematic arrangement of channels on a poly- Leading an_ion Chloride  Carrier aniqn Citrate
(methylmethacrylate) CC chip used in this work along C°ncentation(mmol) 10 (nfn‘:gﬁgmra“o” 15
with geometrical dimensions of the channels are given in counterion B-Alanine Counterion  B-Alanine
Fig. 1 This chip was made in the laboratory using fab- cConcentration (mmolil) 4 Concentration 11.8
rication procedures described elsewhf28]. The separa- (mmol/l)
tions in this miniaturized device were performed with the Co-counterion Bis-tris ~ Co-counterion  Bis-tris propane
aid of a laboratory constructed electrophoresis equipment oo PP oncentation 7
(see[17,24] for its description). The conductivity sensors (mmol/ly
on the chip (sed-ig. 1) were galvanically decouplef?5] EOF suppressor MHET  EOF suppressor MHEC
from the measuring circuitry of the equipment by miniature Concentration (%, w/v) 0.05 Concentration 0.2
transformers. (%, wiv)
. . . : . pH 35 pH 4.0
MicroCE Win software (version 2.4), written in the labo-
ratory, controlled automated preparations of the runs (filling Terminating anion Citrate

Concentration (mmol/l) 20
Counter ion B-Alanine
Concentration (mmol/l) 30

the chip channels with the corresponding solutions in a re-
quired sequence), provided a time-programmed control of

the ITP—ZE runs (including the column-switching operation EoF suppressor MHEC
during the run derived from the signal of the conductivity Concentration (%, w/v) 0.05
detector in the ITP channeFig. 1), acquired the detection PH 35

data and provided their processing. & MHEC: methylhydroxyethylcellulose.



M. Madir et al. / J. Chromatogr. A 1084 (2005) 101-107 103

of the chip channel§27]. Compositions of the electrolyte titative conversion of sulfite to sulfate. pH of the reaction
solutions employed in the ITP—ZE separations are given in mixture should not decrease below 10 (at lower pH values
Table 1 The solutions were stored at @ and filtered by the rate of oxidation decreases significantly). Sulfate formed
disposable membrane filters (a @.& pore size; Millipore, is determined, after an appropriate dilution of the reaction
Molsheim, France) before the use. mixture with the terminating electrolyte solutiomaple 1),

Water demineralized by a Pro-PS water purification sys- by ITP-ZE on the CC chip under the working conditions
tem (Labconco, Kansas City, KS, USA) and kept highly dem- described further.
ineralized by a circulation in a Simplicity deionization unit A comparative sample (without hydrogen peroxide) is pre-
(Millipore), was used for the preparation of the electrolyte pared, in parallel, in the same way.
and sample solutions.

A stock aqueous solution of sodium sulfite (Merck) was 5 3 3. |solation of total sulfite from wine by distillation
prepared fresh daily, while the stock solution of its complex 1ty miliiliters of a 0.5 mol/l solution of phosphoric acid
with formaldehyde (HMS), corresponding to a 1000mg/l s aqded to a 10 ml volume of the wine sample in a distillation
concentration of sulfite in a 10mmol/l formaldehyde, was fask. The acidified sample is distilled, under a gentle stream

stable, at least, for 1 week when stored at€4Sodium sul- ¢ arg0n, on a steam bath for 1 h. Sulfur dioxide released from
fate (Titrisol, Merck)_, when appr_oprlately diluted, served as pe sample is trapped into a 20 ml volume of 3% (v/v) hydro-
areference analyte in our experiments. gen peroxide solution. Sulfate formed in the hydrogen per-

] oxide solution is determined, after a 10-fold dilution of this
2.3. Samples and pre-column sample preparation solution with the terminating electrolyte solutiofiaple 1),

] ] ] ] . by ITP—ZE on the CC chip under the working conditions
Several white and red wines of various geographical ori- jascribed further.

gins, bought in a local wine shop, were used in preliminary
experiments performed in a context of this work. White wine,
Mdiller Thurgau (year 2002; Varske avody, TopolEianky,
Slovak Republic) bought in a local wine shop and red
wine, Heppenheimer Centgericht&purgunder (year 1999;
Staatsweingut Bergstrasse, Bensheim, Germany) kindly pro-
vided by Dr. Dieter Tanzer (Merck, Darmstadt, Germany)
served as samples in final developments of the procedure%
described in this work.

3. Results and discussion
3.1. ITP-ZE separating conditions

As stated in Sectiob, this work was aimed at developing a
ethod suitable to the determination of total sulfite in wine in
which an in-sample oxidation of sulfite to sulfate by hydrogen

ide at a high pH,
2.3.1. Formaldehyde stabilization of free sulfite in wine peroxide ata high p

[17] SO + H202 — H,S0y, 1)

The sample, immediately after bottle opening, is diluted
in a 10 ml volumetric flask in an aqueous solution containing is followed by the ITP-ZE quantitation of sulfate on the CC
formaldehyde (corresponding to a 10 mmol/l final concentra- chip. Of the electrophoresis methods running on the CC chip
tion of formaldehyde) and the terminating electrolyte solu- [24], we favored ITP—ZE because this combination is, in gen-
tion (corresponding to a 1 mmol/l final concentration of the eral, effective in reaching rapid and reliable separation and
terminating anion). The volume of wine taken corresponds quantitation of analytes present in complex ionic matrices (a
to its 15-fold dilution. The solution is made up to the mark typical feature of wine samples).
with freshly demineralized water. To guaranty a full conver- An operational scheme of the ITP—ZE run as shown in
sion of free sulfite to HMS, the sample is analyzed or further Fig. 2was employed in the determination of sulfate onthe CC

processed ca. 60 min after the preparation. chip. From this scheme, itis apparent that ITP focused sulfate
A comparative sample (without formaldehyde) is pre- presentinthe loaded sample into a narrow pulse between the
pared, in parallel, in the same way. leading and terminating zones (step Iig. 2). This concen-
tration step made possible a low dispersion transfer of sulfate
2.3.2. Hydrogen peroxide oxidation of total sulfite in to the ZE channel of the chip (step chig. 2). In addition,
wine a low pH value at which the separation was performed and

A required amount of either the stabilized sample (Sec- the use of very mobile terminating aniofaple 1 gave the
tion 2.3.7) or an unstabilized sample (taken immediately after sulfate transfer a high selectivity (only a very limited number
the bottle opening) is diluted in a 10% (v/v) terminating elec- of the anionic wine constituents could accompany sulfate in
trolyte solution Table J) in a 10 ml volumetric flask. A0.06%  the ITP stack).

(v/v) agueous solution of hydrogen peroxide and a 5mmol/l  Differences in the actual ionic mobilities of chloride (the
sodium hydroxide solution are added immediately. Then, the leading anion) and sulfate were critical in reaching a rapid
volume is made up to the mark with deionized water. This ITP focusing of sulfate when the leading electrolykelgle 1
mixture is allowed to react for 30 min to guaranty a quan- contained only the pH buffering counter iof-&lanine).
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(@) } } Fig. 3. Electropherograms from the ITP—ZE determination of sulfate formed
l [ by hydrogen peroxide oxidation of the total sulfite in a red wine sample
(Heppenheimer Centgericht &purgunder): (a) a 10% (v/v) solution of the
i terminating electrolyte loaded [blank run]; (b) a 50-fold diluted wine sample

with formaldehyde stabilized free sulfite; (c) the same sample as in (b) after
Fig.2. Ascheme of the ITP—ZE separation with a transfer of the constituents nydrogen peroxide oxidation of the total sulfite; (d) the same sample asin (c),
to the ZE channel on the CC chip. (a) An initial arrangement of the solutions spiked with HMS at a 2 mg/I concentration before the peroxide oxidation.
in the chip channels; (b) end of the run in the ITP channel; (c) a transfer of The separations were carried out in the electrolyte system givéabile 1
the stacked sample constituents to the ZE channel by switching the direction The driving current was stabilized at 8@ in both channels. Chloride: the
of the driving current; (d) the separation and detection of the transferred 'eading anion transferred with the sulfate pulse to the ZE channel (see step
sample constituents in the ZE channel. C-ITP and C-ZE: ITP and ZE sep- € inFig. 2); G: increasing conductance.
aration channels on the CC chip, respectively; BF: bifurcation section; LE,
TE and BE: the leading, terminating and background electrolyte solutions,
respectively; S: sample; D-ITP and D-ZE: detection sensors in the ITP and

ZE separation channels, respectivelydirection of the driving current. Chloride
Sulfate
fe Sy

Using bis—tris propane (a double charged cation at pH
3.5) as a co-counter ion in the leading electrolyte, ©
we eliminated this resolution problem in a known way
[28].

The ZE separation (destacking) of sulfate from the con- ®)
stituents present in the sample pulse transferred to the ZE
channel started immediately after the column switching (step
c in Fig. 2. The composition of the background (carrier) \v_x“*_
electrolyte employed in this channdlaple J reflected, be- @)
sides the resolution of sulfate from the transferred matrix i : .
constituents, also adequate sulfate detectability by the con- 400 550 700
ductivity detectoff29,30] Time (s)

Electropherograms iRigs. 3 and 4llustrate a separation _ o
L . Fig. 4. Electropherograms from ITP—ZE determination of sulfate formed by
performance of the ITP_ZE_ comblngtllon as attained ‘?” th_e hydrogen peroxide oxidation of total sulfite isolated from a red wine sample
CC chip under the separating conditions developed in this (eppenheimer Centgericht Siburgunder) by distillation: (a) a 10% (v/v)
work. A high selectivity in the ITP—ZE determination of sul-  solution of the terminating electrolyte [blank run]; (b) a 20-fold diluted
fate is apparent from these electropherograms. They showsolution of hydrogen peroxide in which the isolated sulfite was trapped; (c)
that ITP provided for sulfate sample clean lw 3) com- the same sample as in (b), spiked with sulfite (in the HMS form) at a 40 mg/I

arable to the one characterizina a highlv selective distillation concentration before the distillation; a 20-fold diluted solution of hydrogen
p g ghly peroxide in which the isolated sulfite was trapped was loaded on the chip.

isolation of sulfite Fig. 4). See the caption dfig. 3for further details.
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Table 2

Repeatabilities of the migration times and peak areas of sulfate formed by hydrogen peroxide oxidation of sulfite present in model samples

Concentration of sulfite (mg/l) ITP pretreatment time(s) Migration time in ZE stage (8) Peak area (mV s) n¢
Mean S.D. Mean S.D. Mean S.D.

e 259 1.1 335 1.0 40 0.4 10

4¢ 258 1.9 339 3.5 8B 1.8 25

gd 258 0.9 343 2.0 16& 2.0 10

The separations were carried out in the electrolyte system givEshile 1 The driving current was 3@A in both channels.
2 A time of entrance of the sulfate zone to the bifurcation section of the CC chip (Bigir2).
b A migration time of sulfate in the ZE stage.
¢ n: number of repeated ITP-ZE runs.
d ITP-ZE runs were performed with a particular model sample (sulfite bound in HMS was oxidized) in 1 day.
€ ITP-ZE runs were performed in 5 days (each day a new HMS sample was oxidized).

3.2. Quantitation of total sulfite in wine repeatabilities of the peroxide oxidation of sulfite illustrate
the data obtained from the reactions performed in parallel

Following the work of Edmond et a]14], we carried out on aliquot parts of the formaldehyde stabilized wine samples

hydrogen peroxide oxidation of the free and bound forms (Table 4.

of sulfite in wine at pH~10. Moreover, to prevent an un- Wine contains sulfate (see an electropherografign3b)

controlled oxidation of free sulfite on sample handling, we and, therefore, the results obtained for the oxidized sample

included into the pre-column sample preparation a rapid and,had to be corrected accordingly. This required the determi-

at the same time, quantitative formaldehyde conversion of nation of sulfate in the sample (preferably with free sulfite

free sulfite to hydroxymethanesulfonic aic]: bound in HMS) before and after the peroxide oxidation. The
data presented iflable 5for two of the wine samples taken

SOz + HCOH + H20 — HOCH,SGzH. 2) into a detail study were obtained by such a quantitation pro-
cedure.

Such a stabilization of the analyte, performed immediately Quantitations of total sulfite in wine based on the exter-

after the bottle opening in the way described in Sectioas . nal calibration and standard addition (sulfite added as HMS)
assumed to have no adverse effect on acompleteness ofsulfltghOW very good agreementaple 5. Complemented by the
oxidation. Experiments performed in this context with model yo g ) P y

samples revealed that the HMS bound sulfite was oxidized recovery datatable 9, they indicate that the hydrogen per-

by hydrogen peroxide quantitatively (sdables 2 and B oxide oxidation with the ITP-ZE determination of sulfate is

e ) . accurate as far as the determination of total sulfite in wine is
Similar conclusions can be drawn from the data as obtained
) concerned. Such a statement supports also the results of anal-
for wine samples (see further).

The time required for a complete oxidation of sulfite to yses performed with the same samples in which a distillation

sulfate in wine was estimated from the ITP—ZE quantitation Lﬁg%ﬁgrgi;(:s(l)stg::ltsirf;g (;/I\Eljllr;ea(see Secti@npreceded
of sulfate performed at different times after the addition of :

hvdrogen peroxide to the formaldehvde stabilized samole Concentration limit of detection (cLOD) for sulfite in
ydrogen per y : d samp "wine, set by the ITP-ZE procedure on the CC chip, was es-
Model and wine samples were taken for this estimation to

L . . timated in the way as recommended for elution chromatog-
assess a potential influence of wine matrices on the rate of ; .

o I . .. raphy[31]. Here, the sulfate peak heights, obtained from the
oxidation. We found that the oxidation was finished within s .

! . esponses of the conductivity detector in the ZE stage of the
15min (no increase of the sulfate peak area was detecteJ L . . .
when the reaction time was prolonged to 30 min). Very good c_ompmanon., provided the input data used in the cLOD es-

' timation. This procedure gave the cLOD value ofi@f)l of
sulfite for a 0.9l load of the sample on the chip. Such a

Table 3 . . . - detectability made possible the determination of total sulfite
Parameters of the regression equations and correlation coefficients for the . . . .
calibration graphs of sulfate when this was present in wine at a 15 mg/I concentration (the
sample dilution is included).

The ITP—ZE separations were performed with a hydro-
dynamically closed separation compartment of the chip and
with suppressed electroosmotic flow of the solution in which
the separation is performed (see Sec@nSuch transport
conditions, minimizing within run and run-to-run fluctua-
tions of the migration velocities of the separated constituents

b The concentration range corresponds to 0.5-6 mg/l concentrations ofon t_he Chlp5[24]., undOUbtequ’ co_ntrlb_uted to highly repro- .
sulfite. ducible separations as achieved in this work (see the data in

¢ Sulfite bound in HMS was oxidized. Tables 2 and

Intercept (mVs) Slope (mVsl/mg) Correlationn® Concentration
coefficient rang® (mg/l)

Sulfate
0.31 17.88 0.9994 15 0.6-7.2

Sulfate formed by oxidation of sulfite
0.97 17.14 0.9996 15 0.6-7.2

2 n: number of data points.
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;Zt:)lfoiucibilities of the migration times and peak areas of sulfate formed by a hydrogen peroxide oxidation of total sulfite in wine samples

Wine sample ITP pretreatment time%s)  Migration time in ZE stage (8) Peak area (mVs) n®
Mean S.D. Mean S.D. Mean S.D.

Heppenheimer Centgericht &purgunder (50-fold diluted) 262 0.3 338 0.2 196 0.3 3

Mdiller Thurgau (50-fold diluted) 259 0.5 343 0.7 355 05 3

The separations were carried out in the electrolyte system giveEabie 1 The driving current was stabilized at 8@ in both channels. For wine specifications
and the sample preparation procedures, see Settion

2 A time of entrance of the sulfate zone to the bifurcation section of the CC chip (Bigir®).

b A migration time of sulfate in the ZE stage.

¢ n: number of parallel oxidations on aliquots of the same sample formaldehyde stabilized sample.

Table 5

Determination of total sulfite in wine samples using two different sample clean up methods

Wine sample Sample clean up Dilution (fold) Determifiéuig/l) S.D. (mg/l) Recovery (%)

Heppenheimer Centgericht &purgunder ITP-CZE 50 483 0.6 -
ITP-CZE 50 45.0 - 99
Distillation 1 20 47.8 1.2 -
Distillation 2 50 45.6 1.3 -

Mdiller Thurgau ITP-CZE 50 84% 1.3 -
ITP-CZE 50 84.9 - 101
Distillation 1 40 86.5 2.5 -
Distillation 2 20 87.2 0.4 -

For specifications of wine samples and the sample preparation, see Section
2 Mean values obtained from three parallel ITP—ZE determinations.
b A content of total sulfite determined from the calibration graph.
¢ A content of total sulfite determined by the standard addition method.

4. Conclusions a full recovery of sulfate in the ITP stage of the run) was not
reached in our experiments.

This work showed that ITP—ZE on the CC chip with con- The ITP-ZE separations were carried out in a hydrody-
ductivity detection provides simple and, at the same time, namically closed separation compartment of the chip with
rapid (ca. 10min lasting separation) and highly selective suppressed electroosmotic flow. It can be stfd{ithat such
method to the determination of sulfate formed by an in- transport conditions contributed to high precisions of both the
sample oxidation of total sulfite in wine by hydrogen per- migration and quantitation data as attained for sulfate in this
oxide at pH~10. Electropherogram&-igs. 3 and #clearly work (Tables 2 and %
document that the sample clean up, linked with the use of Recoveries of sulfite as determined for two wine sam-
the ITP-ZE separation, eliminated the anionic matrix con- ples (Table 9 indicate a very good accuracy of the present
stituents in an extent comparable to a distillation isolation of method. Such a conclusion also supports agreements of the

sulfite. guantitation of total sulfite as obtained for different sample
Although not essentidll4], we favored a formaldehyde preparationsT{able 5.
stabilization of free sulfite in wine to eliminate an uncon- It seems reasonable to assume that the use of the present

trolled oxidation of this sulfite form. Such a precaution was method can be extended to the determination of total sul-

taken to achieve an unbiased determination of sulfate presenfite in other food products. In addition, considering the re-

in the original wine sample (this determination was needed sults of our previous workl17], it is logical to state that

to obtain the sulfate concentration equivalent to the concen-ITP-ZE on the CC chip, combined with simple pre-column

tration of total sulfite in the sample). sample preparation procedures, offers a flexible analytical
Both ITP and ZE, performing specific analytical tasks in tool to the determination of various sulfite forms in food

the ITP-ZE separation on CC chip, contributed to .60 products.

cLOD value for sulfite when the oxidized sample was loaded

by a 0.9u] sample injection channel of the chip. Such a de-

tection performance allowed the quantitation of total sulfite Acknowledgements
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