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ABSTRACT

Development of Miniaturized Flow Separation Systems for On-Line Sample Pretreatment

Principal investigator: Dr. Rodjana Burakham

Mentor: Professor Dr. Kate Grudpan

In this project, separation and analytical systems involving flow-based techniques were
developed for sample pretreatment and chemical analysis. Two developed systems, including
sequential injection-lab-at-valve (SI-LAV) for on-line micro-extraction and sequential injection-
high performance liquid chromatography (SI-HPLC) for on-line pre-column derivatization,
emphasized miniaturization using simple and cost-effective instrumentation.

The SI-LAV system was developed for on-line micro-extraction using a small separating
chamber situating spectrophotometric detector via optical fibers attached at a port of a selection
valve. The extractive determination of anionic surfactant in water samples was selected as a model.
The detection method is based on the formation of ion-association compound between anionic
surfactant and methylene blue, which can be extracted into dichloromethane before
spectrophotometric detection. Sample, reagent and dichloromethane are sequentially aspirated via
the multiposition selection valve attached with an extraction coil where the extraction process is
performed. The aqueous and organic phases are separated in a conical separating chamber LAV
unit. The organic phase containing extracted product is then monitored spectrophotometrically.
Some water samples have been analyzed for anionic surfactants by the developed procedure. The
developed system involves a considerable reduction of organic solvent and can be applied for
various chemical analyses.

The SI was coupled to HPLC for an on-line simple pre-column derivatization and
determination of metal ions, including Co(II), Cu(Il), Ni(II) and Fe(I). 2-(5-nitro-2-pyridylazo)-5-
[N-propyl-N-(3-sulfopropyl)amino]phenol (nitro-PAPS) was used as a derivatizing reagent. The
detection principle is spectrophotometry.  Using the proposed SI-HPLC system, on-line

derivatization and separation of four metals-nitro-PAPS complexes was achieved within 13 min.



The developed method has been successfully applied for the determination of metal ions in various
samples. The system offers advantages in simple pretreatment step with on-line derivatization and
less consumption of sample and reagent. In addition, by parallel operation of derivatization and

separation, better analysis time could be gained.
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High-Performance Liquid Chromatography with Sequential Injection for

On-line Pre-column Derivatization of Some Heavy Metals

Rodjana Burakham®”, Supalax Srijaranai' and Kate Grudpan®?
!Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen
40002 Thailand
2Department of Chemistry, Faculty of Science and *Institute for Science and
Technology Research and Development, Chiang Mai University, Chiang Mai

50200 Thailand

Abstract

High-performance liquid chromatography (HPLC) was coupled with
sequential injection (SI) for simultaneous analyses of some heavy metals, including
Co(Il), Ni(ll), Cu(ll) and Fe(ll). 2-(5-nitro-2-pyridylazo)-5-[N-propyl-N-(3-
sulfopropyl)amino]phenol (nitro-PAPS) was employed as a derivatizing reagent for
sensitive spectrophotometric detection by on-line pre-column derivatization. The Sl
system offers an automated handling of sample and reagent, on-line pre-column
derivatization and propulsion of derivatives to the HPLC injection loop. The metal-
nitro-PAPS complexes were separated on a Cig-uBondapak column (3.9 x 300 mm).
Using the proposed SI-HPLC system, determination of four metal ions by means of
nitro-PAPS complexes was achieved within 13 min in which the parallel of
derivatization and separation were processed at the same time. Linear calibration
graphs were obtained in the ranges of 0.005 - 0.250 mg I™* for Cu(l1), 0.007 - 1.000

mg I™* for Co(ll), 0.005 - 0.075 mg I™* for Ni(ll) and 0.005 - 0.100 mg I"* for Fe(ll).

“ Corresponding author. E-mail: rburakham@yahoo.com
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The system provides means for automation with good precision and minimizing error
in solution handling with the relative standard deviation (RSD) of less than 6%. The
detection limits obtained were 2 pg I"* for Cu(ll) and Co(ll), and 1 pg I for Ni(ll)
and Fe(Il). The method was successfully applied for the determination of metal ions
in various samples, including milk powder for infant, mineral supplements, local

wines and drinking waters.

Keywords: on-line pre-column derivatization, sequential injection, metal ions, HPLC,

nitro-PAPS

1. Introduction

Metal ion analysis is of great importance in various fields, including food,
pharmaceutical, medical and environmental sciences. Numerous analytical
techniques have been reported for the determination of heavy metals. The most
widely used instruments, e.g. atomic absorption [1-3] and inductively coupled plasma
atomic emission spectrometers [4-5], used for metal determination suffer from both
spectral and chemical interferences and involve instrumentation complexity.
A common UV-visible spectrophotometry [6] is often simpler and less expensive than
atomic spectroscopic methods but does not allow a multi-elemental analysis and
requires derivatization process for improving the sensitivity and selectivity. High-
performance liquid chromatography (HPLC) [7-10] and ion chromatography [11]
have been widely recognized as one of the versatile methods for multi-element and
sensitive analyses of metal ions using either pre- or post-column derivatization. In a
typical post-column procedure, a chromogenic reagent is mixed with column eluent in

a post-column mixer and the derivatives formed are detected. To be useful, post-
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column reactions must be rapid and generate low background signals. Dead volume
associated with connecting tubing, detector and mixing devices must be minimized to
avoid unnecessary peak dispersion. The pre-column derivatization procedure
provides that the excess of reagent is completely separated from the chelates and does
not actually contribute to be the increase in baseline signals at the peak positions of
the chelates. This fact indicates that the attainable sensitivity is determined only by
the inherent signal to noise ratio of the detector. The potential of this approach is
realized in the reversed-phase HPLC partition mode, including the ion-pair type. lon-
pair reversed-phase HPLC (IP-RPHPLC) offers both sensitivity and selectivity
owning to the large degree of flexibility in the separation parameters. Several
chelating agents have been successively used as a derivatizing reagent such as
4-(2-pyridylazo)resorcinol(PAR) [10], 5-(2-hydroxy-5-nitrophenylazo)thiorhodamine
[12], 2,4-dihydroxybenzylidenethiorhodamine [13], 1-(4-aminobenzyl)
ethylenediamine-N,N,N /N “tetraacetate [14], 2-(5-bromo-2-pyridylazo)-5-(N-propyl-
N-(3-sulfopropylamino)aniline (5-Br-PSAA) [15] and 2-(5-nitro-2-pyridylazo)-5-
[N-propyl-N-(3-sulfopropyl)amino]phenol (nitro-PAPS) [16].

Pre-column derivatization is normally performed off-line (batch) because of
instrumentation simplicity. But off-line manipulation is proved to be laborious, time
consuming, especially if a number of samples is to be processed, and may result to
low precision. On the other hand, on-line derivatization offers automation, ease and
high sampling rate, providing an attractive alternative [17]. Some developments have
involved the coupling of flow injection (FI) [10, 18-20] or sequential injection (SI)
[17, 21] with HPLC for on-line pre-column derivatization. FI involves an inexpensive
hardware and a simple operational basis, while Sl offers high potential for higher

degree in laboratory automation with less reagent consumption.
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In this work, attempts were made for coupling IP-RPHPLC with Sl for on-line
pre-column derivatization and determination of some heavy metals, including Co(ll),
Cu(ll), Ni(Il) and Fe(ll). Nitro-PAPS was used as the derivatizing reagent for a
sensitive spectrophotometric detection.  Application to a variety samples was

investigated.

2. Experimental
2.1 Chemicals and reagents

All of reagents used were analytical reagent grade. Deionized water was used
throughout the experiments. The atomic absorption standard solutions (1000 mg I™%)
of copper (Il) nitrate and nickel (Il) nitrate were obtained from Ajax Chemicals
(Australia). Stock standard solution (1000 mg I™*) of cobalt (I1) was prepared using
cobalt (I1) chloride hexahydrate in water. Stock standard solution (1000 mg I™) of
iron (11) was prepared by dissolving iron (1) sulphate heptahydrate in 10* mol I*
hydrochloric acid. Working standards were freshly prepared by diluting the stock
solution with water to obtain appropriate concentrations. Nitro-PAPS was obtained
from Dojindo laboratories (Japan). Tetrabutylammonium bromide (TBABr) was
purchased from Fluka (Switzerland). Acetonitrile was of HPLC grade. All HPLC
mobile phases were filtered through 0.45 um membrane filters and sonicated prior to

use.

2.2 Instrumentation
The SI-HPLC system used is schematically depicted in Fig.1(a). The SIA part
consists of a 2.5 ml syringe pump (Cavro, USA), a 10-position selection valve VICI

with a microelectric actuator (Valco Instruments, USA) and a holding coil (220 x 0.07
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cm i.d. PTFE tubing). Instrumentation control was manipulated via the FlAlab
software (FIAlab Instruments, USA). The HPLC part consists of a Waters 6000A
dual pump, a Rheodyne injector with a 50 ul injection loop and a Waters 484
absorbance detector (Waters, USA) operated at wavelength of 570 nm. The SI system
was connected to the HPLC injection port by means of the 37 x 0.07 cm i.d. PTFE
tubing. Separations were performed on a 3.9 x 300 mm Cyg-uBondapak column

(Waters, USA). The CSW 32 software (Waters, USA) was used for data acquisition.

2.3 Procedure

Effective separation of the studied metal-nitro-PAPS complexes was achieved
through the IP-RPHPLC mode using the mobile phase containing acetonitrile, buffer
and ion pairing agent. Therefore, in order to ensure that there was no pairing ion
reagent retained on the analytical column, the column was washed with 50% MeOH
for 15 column-volumes and was then equilibrated with the mobile phase being used
for 25 column-volumes before injection.

The SI-HPLC operation steps were as follows: the manifold lines were washed
with water, and all of the reagents were filled into the ports of the selection valve.
Then, suitable volumes of the reagents were sequentially aspirated and stacked as
zones in the holding coil. By flow reversal of the syringe pump, the reaction mixture,
metal-nitro-PAPS complexes in this work, was propelled to the HPLC injection loop
and injected to HPLC system. A mobile phase flow rate of 1.0 ml min™* was used

throughout.

3. Results and discussion

3.1 IP-RPHPLC of metal-nitro-PAPS chelates
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To achieve adequate separation for the studied chelates within minimum
elution time, optimization of the HPLC separation was performed by off-line
derivatization of metal-nitro-PAPS chelates. Nitro-PAPS chelates of Co(ll), Ni(ll),
Cu(ll) and Fe(ll) were formed by mixing metal ion solutions and the nitro-PAPS
solution with the concentration ratio of 1:2 and was manually injected in the HPLC
system. It has been known that the composition of mobile phase plays an important
role in IP-RPHPLC. The mobile phase components include concentration of buffer,
pH, amount of organic modifier and concentration of ion pairing agent.
The selectivity of the IP-RPHPLC was susceptible to the content of organic modifier
in the mobile phase due to the variation of polarity and hydrophobicity which lead to
different strengths and selectivity. The role of buffer is to control the pH of the
chromatographic system, while the role of the ion pairing agent is to provide the
exchange sites for the target analytes. Therefore, some degrees of variation in the
retention behavior and chromatographic selectivity are expected by addition of ion
pairing agent in IP-RPHPLC. The mobile phase was selected from our preliminary
studies and was found to be 30% acetonitrile in 10.0 mmol I™* acetate buffer pH 5.0
and 3.5 mmol I"* TBABr. Separation of four metal-nitro-PAPS chelates and excess
nitro-PAPS reagent was achieved within 13 min with the elution order of Cu(ll)-nitro-
PAPS, Co(ll)-nitro-PAPS, excess nitro-PAPS reagent, Ni(ll)-nitro-PAPS and Fe(ll)-
nitro-PAPS, respectively. The conditions were adopted for the coupling of Sl to

HPLC.

3.2 On-line coupling of SI to HPLC
Using the SI-HPLC system shown in Fig. 1(a), the experimental parameters

affecting the sensitivity of the determination were considered. First, it must be
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ensured that the most concentrated part of the reaction mixture will be injected into
the separation column. Therefore, after forming derivatives by the Sl system, the
dispensing volumes of the syringe pump ranging from 240-380 ul were optimized and
the peak areas were compared. The dispensing volume (at a constant flow rate)
determined the interval time between the start of dispensing of the derivative zone by
the syringe pump of the Sl system and the actual injection into the HPLC system.
Second, the sequence orders of aspiration together with the volumes of sample and
reagent and the number of flow reversals were examined. The operational sequence
in which the sample and reagent were aspirated as small segments gave a higher
sensitivity, while the mixing by several flow reversals was unnecessary. The metal-
nitro-PAPS derivatives could be formed immediately and the sensitivity was
enhanced by mixing during the transportation to HPLC loop. However, the
connection between SIA part and HPLC injection loop should be shorten to prevent
further dispersion of product zone. It has been known theoretically that increase in
the sample and/or reagent volumes results in increase in the sensitivity but it must be
compromised between the volumes of derivative product and the volume of the HPLC
injection loop. The derivative should be formed just enough for injecting into HPLC
loop with adequate sensitivity and precision. In addition, the peak shape of the
obtained chromatogram must be concerned. Increasing of the injection volume, the
wider peak will be obtained and lead to over load the column. The selected
operational sequences as well as the volumes of sample and reagent were summarized
in Table 1 and Fig. 1(b). Finally, the chemical parameter, the concentration of nitro-
PAPS reagent, was varied to increase the sensitivity and minimize the excess of
reagent concentration. The optimum results were obtained using the nitro-PAPS

concentration of 1 x 10™ mol I"". The sensitivity determined by the peak areas of all
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metal complexes remained constant and the peak of excess nitro-PAPS reagent was
resolved from the derivative peaks. The typical chromatogram is represented in

Fig. 2.

3.3 Analytical characteristics

Under the selected SI and HPLC conditions, quantitative features of the
proposed system were evaluated by examining the linear range, precision and limit of
detection (LOD). Calibration graphs were constructed by plotting the peak area
against the concentration of each metal ion. The detection limits were calculated at a
signal level of three times the baseline noise (S/N = 3). The equations of the obtained
calibration graphs, the linear ranges and the detection limits are given in Table 2. The
relative standard deviations of the peak area and retention time of each analyte were
less than 6%. The effects of interferences on the SI-HPLC of metal-nitro-PAPS
chelates were studied by adding the metal ions at different concentrations into a
mixture of 0.060 mg I* Co(ll), 0.010 mg I* Cu(ll), Fe(l) and Ni(ll).  No
interference, i.e. no signal change within +£5%, was observed from common ions with
the maximum concentrations studied up to 20 mg I of Na*, Ca** and CI"; 25 mg I"* of

COs%, 30 mg I'™* of SO,%, NO,” and NO3”; and 50 mg I of Cd**, Pb** and Zn*".

3.4 Analysis of real samples

The applicability of the SI-HPLC system was investigated by determining the
metal ions in various samples, including modified milk powder for infant, mineral
supplements, local wines and drinking water. For milk powder and supplement
samples, fine powder samples were weighted, dissolved in water and filtered before

the determination. For wines and drinking waters, the samples were analyzed by the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

system without any further pretreatment except filtration and dilution. Typical
chromatograms of sample determination are shown in Fig.3. The results, as shown in
Table 3, were in agreement with the labeled values (for milk powder and mineral
supplement samples) and those obtained by AAS methods (for wines and drinking
waters), evaluated by t-test at 95% confidence level. It was not surprising that some
metal ions such as Co(ll) and Ni(Il) were not detectable in these samples and all metal
ions in drinking water samples were lower than the LODs. However, the recoveries,
assessed by experiment of known amounts of metal ions (0.020 mg I* each) spiked in

the real samples, obtained were satisfactory (90-106%).

4. Conclusion

Coupling HPLC with Sl offers on-line pre-column derivatization system for
analyses of some heavy metal ions. The derivatives can be on-line formed and
subsequently injected and analyzed in the HPLC system. This leads to possibility in
automation. By parallel operation of derivatization and separation, advantages in less
consumption of sample/reagent, as well as better analysis time could be gained. It has
been demonstrated that HPLC hyphenated with SI could be an alternative for

simultaneous analyses of some heavy metal ions in various samples.
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Fig. 1(a) Schematic diagram of the SI-HPLC system, (b) Diagram of operational
sequence of the SI-HPLC system
Fig.2 Typical chromatogram of metal-nitro-PAPS complexes: 1, 0.100 mg I Cu(ll);
2,0.050 mg I* Co(ll); 3, excess nitro-PAPS; 4, 0.075 mg I Ni(11);
5,0.075 mg I Fe(ll)
Fig. 3 Chromatograms obtained from sample determination (a) milk (b) supplement

(c) wine (d) drinking water
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Fig.2 Typical chromatogram of metal-nitro-PAPS complexes:

1,0.100 mg I* Cu(11); 2, 0.050 mg I"* Co(ll);
3, excess nitro-PAPS; 4, 0.075 mg 1™ Ni(11);
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Table 1 The operational sequence of the SI-HPLC system for on-line derivatization of

metal-nitro-PAPS complexes

Port Flowrate Volume

Sequence Description
no.  (usec’) ()
1 3-9 50 70 Aspiration of sample into HC”
2 2 50 25 Aspiration of nitro-PAPS into HC
3 3-9 50 70 Aspiration of sample into HC
4 2 50 25 Aspiration of nitro-PAPS into HC
5 3-9 50 60 Aspiration of sample into HC
6 10 50 300 Propulsion of metal-nitro-PAPS

derivatives to HPLC loop

7 10 - - HPLC analysis

"HC = Holding coil

16



Table 2 Analytical characteristics of the proposed system

) Linear range ) _ ) LOD*
Metal-nitro-PAPS 1 Linear equation r 1
(mg 1™ (g 1)

Cu(ll) 0.005-0.250 y = 1652.6x - 72.5 0.9928 2

Co(ll) 0.007-0.100 y =2479.5x - 3.2 0.9968 2

Ni(I1) 0.005-0.075 y =1607.8x-1.5 0.9945 1

Fe(l1) 0.005-0.100 y =3018.0x - 4.9 0.9938 1

*SIN =3
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Table 3 Analysis of real samples and recovery studies

Sample Cu(ln Co(ll) Ni(lI1) Fe(ll)
This work* Labeled Recovery  Thiswork Labeled  Recovery  This work Labeled Recovery  This work* Labeled  Recovery
(mg I) (mg I) (%) (mg I) (mg I) (%) (mg I) (mg I) (%) (mg I) (mg I") (%)
Milk 1 273.712.1 312.0 91 - - 99 - - 99 5.8+0.2 7.0 97
Milk 2 314.0+3.6 340.0 95 - - 98 - - 96 5.5+0.1 6.0 95
Milk 3 552.5+1.8 580.0 97 - - 99 - - 99 7.240.1 7.8 99
This work* Labeled Recovery  Thiswork Labeled Recovery  Thiswork Labeled Recovery  This work* Labeled  Recovery
(mg tab™) (mg tab™) (%) (mg tab®)  (mg tab™) (%) (mg tab?)  (mgtab™) (%) (mgtab®)  (mgtab™?) (%)
Supplement1l  1.6+0.4 2.0 93 - - 96 - - 98 8.740.1 10.0 97
Supplement 2 2.1+0.1 2.5 90 - - 99 - - 99 12.940.1 15.0 94
This work* AAS Recovery  This work AAS Recovery  This work AAS Recovery  This work* AAS Recovery
(mg 1) (mg 1) (%) (mgl")  (mgl? (%) (mg I") (mg ) (%) (mg I) (mg ) (%)
Wine 1 1.0+0.2 14 102 - - 94 - - 105 1.5+0.1 1.8 98
Wine 2 5.2+0.6 6.8 93 - - 97 - - 102 1.840.1 2.1 93
Wine 3 - - 95 - - 95 - - 98 0.8+0.2 1.0 105
Wine 4 - - 106 - - 101 - - 96 0.2+0.1 0.4 101
Wiater 1 - - 93 - - 99 - - 99 - - 98
Water 2 - - 90 - - 99 - - 99 - - 99
- Not detected
*n=3

Supplement 1 ingredients (tab™): Cu (CuSO,) 2 mg, Fe (FeSO,) 10 mg
Supplement 2 ingredients (tab™): Cu (CuSOQ,) 2.5 mg, Fe (ferrous gluconate) 15 mg
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Development of On-line Sample Preparation for Chromatographic
Analysis

Rodjana Burakham®, Supalax Srijaranai®, Jaroon Jakmunee® and Kate Grudpan®

?Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002
*Department of Chemistry, Faculty of Science and Institute for Science and Technology
Research and Development, Chiang Mai University, Chiang Mai 50200

Research interests focus on on-line sample preparation/preconcentration for
chromatographic analysis, including high performance liquid chromatography (HPLC),
ion chromatography (IC) and capillary electrophoresis (CE). The on-line sample
pretreatment includes flow injection pre-column derivatization, sequential injection with
lab-at-valve. Applications of such development would aimed for food, environmental
and pharmaceutical samples are interested. New approaches for chromatographic
separation using sequential injection chromatography (SIC) will be explored.
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ON-LINE DERIVATIZATION AND DETERMINATION OF SOME HEAVY
METALS BY COUPLING OF SEQUENTIAL INJECTION WITH ION-PAIR.
REVERSED-PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Rodjana Burakham', Supalax Srijaranai' and Kate Grudpan?

'Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002 Thailand

:Department of Chemistry, Faculty of Science and Institute for Science and Technology Research and Develop-
ment, Chiang Mai University, Chiang Mai 50200 Thailand

email: rburakhamf@yahoo.com

An ion-pair reversed-phase high performance liquid chromatography [IP-RPHPLC] was pro-
posed for simultaneous determination of some heavy metals using 2-[5-nitro-2-pyridylazo]-5-
[N-propyl-N-[3-sulfopropyllamino]phenol [nitro-PAPS] as a derivatizing reagent. Sequential
injection [Sl) was coupled to HPLC system for a simple and efficient pre-column derivati-
zation. Using the SI-HPLC system, separation of four metals-nitro-PAPS complexes was
achieved within 12 min. Under the selected conditions, the analytical characteristics, includ-
ing linear range, limit of detection, precision and accuracy, were evaluated. Advantages and
limitation of the system will be discussed. The developed method was successfully applied for
the determination of metal ions in various samples.

[1] N. Teshima, S. Gotoh, K. Ida, T. Sakai, Anal. Chim. Acta, 557 [2006) 387.
[2] S. Gotoh, N. Teshima, T. Sakai, K. Ida, N. Ura, Anal. Chim. Acta, 499 (2003] 91.
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Sequential Injection-Lab-at-Valve for On-line Micro Extraction

Rodjana Burakham® Jaroon Jakmunee® and Kate Grudpan®

“Department of Chemistry, Faculty of Science, Khon Kaen University,
Khon Kaen 40002 Thailand
®Department of Chemistry, Faculty of Science and Institute for Science and Technology
Research and Development, Chiang Mai University, Chiang Mai 50200 Thailand

A sequential injection with lab-at-valve system was developed for on-line micro
extraction determination of anionic surfactant. Sample, reagents and organic solvent were
sequentially aspirated into an extraction coil connected to the center of a selection valve
where extraction taking place by flow reversal. The aqueous and organic phases were
separated in a LAV unit attached to one port of the valve. The LAV unit situated a fiber

optic spectrophotometer to monitor absorbance change of the extract product in the organic
phase.

Keywords: Sequential Injection, Lab-at-Valve, Micro-extraction, anionic surfactant
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ON-LINE MICRO-EXTRACTION DETERMINATION OF ANIONIC
SURFACTANT USING SEQUENTIAL INJECTION WITH LAB-AT-VALVE
SYSTEM
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Abstract: Sequential injection with “Lab-at-Valve (LAV)” system was developed for
on-line micro-extraction determination of anionic surfactant in water samples. The
detection method is based on the formation of ion-association compound between
anionic surfactant and methylene blue, which can be extracted into dichloromethane
before spectrophotometric detection. Sample, reagent and dichloromethane are
sequentially aspirated via a multiposition selection valve attached with an extraction
coil where the extraction process is performed. The aqueous and organic phases are
separated in a conical separating chamber LAV unit situating a fiber optic
spectrometer. The organic phase containing extracted product is then monitored
spectrophotometrically. Some water samples have been analyzed for anionic
surfactants by the developed procedure.
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Introduction: Solvent extraction is one of the versatile techniques for sample matrix
separation and/or analyte preconcentration. However, manual extraction presents a
series of drawbacks such as high consumption of sample and organic solvent, low
sampling frequency, loss of analyte through manipulation and contamination of
atmosphere by organic vapor. Many efforts have been made to overcome these
inherent drawbacks. Among them, the successful techniques are probably the on-line
solvent extraction using flow systems. In this work, sequential injection analysis with
a new concept called “lab-at-valve” was proposed for on-line extraction in a
micro-scale.

Methodology: The SIA-LAV system consisted of a 2.50 ml syringe pumping,
a 10-position selection valve, a UV-Vis light source and a spectrophotometer. The
syringe pump was connected to the center of the selection valve by an extraction coil.
A separating LAV unit situating a fiber optic spectrophotometer was attached at one
port of the valve. Both instrumental control and data acquisition were manipulated
via the FIAlab software. Sample, reagent and organic solvent were sequentially
introduced into the extraction coil. An ion association formed was extracted by
programming the syringe pump to aspiration and dispensing modes. The solution was
then propelled into the separating chamber where the aqueous and organic phases
were separated. The organic phase containing ion-associated product was detected at
650 nm.

Results, Discussion and Conclusion: The experimental parameters affected the
extraction efficiency and the sensitivity of the determination were selected to be
optimized. They involved operational sequence, number of flow reversal and the
sample volume. It was found that the operational sequence in which the sample,
reagent and organic solvent were sequentially aspirated as a segment before several
cycles of flow reversal provided high sensitivity because of high degree of contact
between aqueous and organic phases. Using this system, a sample and organic
solvent volumes of 1000 and 300 pl, respectively, were consumed. Application to the
determination of anionic surfactant in water samples was demonstrated. Good
agreement between the proposed and the standard “methylene blue” methods was
achieved. SI-LAV involved a considerable reduction of both reagent and sample
consumption.  Therefore, only small volume of organic solvent was required.
The proposed integrating system serves as a micro-total analysis system.

Acknowledgements: The Thailand Research Fund and the Commission on Higher
Education are gratefully acknowledged for financial support.

References:
(1) Kate Grudpan (2004) Talanta, 64, 1084-1090.
(2) Wiboon Praditweingkum and Kate Grudpan (2000) J. Flow Injection Anal.,
17, 202-205.
(3) Standard Methods for the Examination of Water and Wastewater, 7" ed., 1989,
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anionic surfactant
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Sequential Injection: An On-line Sample Preparation for Liquid
Chromatography and Capillary Electrophoresis

Rodjana Burakham,' Supalax Srijaranai' and Kate Grudpan2

" Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen
40002

? Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai
50200

Research interests focus on on-line sample preparation for liquid
chromatography (LC) and capillary electrophoresis (CE) using sequential injection
analysis (SIA). The on-line sample preparation includes sequential infection on-line
extraction-at-valve and sequential injection on-line solid phase extraction. New

approaches for chromatographic separation using sequential injection chromatography
(SIC) and monolithic column is also explored.
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Determination of Some Heavy Metals by Sequential Injection On-line
Derivatization and Ion-Pair Reversed Phase High Performance Liquid
Chromatography

Rodjana Burakham,' Supalax Srijaranai' and Kate Grudpan2

! Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen
40002 Thailand, E-mail: rburakham@yahoo.com

? Department of Chemistry, Faculty of Science and Institute for Science and Technology
Research and Development, Chiang Mai University, Chiang Mai 50200 Thailand

An on-line derivatization system for determination of some heavy metals was
developed using sequential injection (SI) and ion-pair reversed-phase high performance
liquid chromatography (IP-RPHPLC). 2-(5-nitro-2-pyridylazo)-5-[ N-propyl-N-(3-
sulfopropyl)amino]phenol (nitro-PAPS) was chosen as a derivatizing reagent. SI
system was coupled to HPLC for a simple and efficient pre-column derivatization.
Using the proposed system, separation of four metals-nitro-PAPS complexes was
achieved within 12 min. Under the selected conditions, the analytical characteristics,
including linear range, limit of detection, precision and accuracy, were evaluated.
Advantages and limitation of the system will be discussed. The developed method was
successfully applied for the determination of metal ions in various samples.
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Abstract: Sequential injection (SI) was coupled to high performance liquid
chromatography (HPLC) for an on-line simple pre-column derivatization and
determination of metal ions, including Co(ll), Fe(ll), Ni(ll) and Cu(ll). 2-(5-nitro-2-
pyridylazo)-5-[N-propyl-N-(3-sulfopropyl)amino]phenol (nitro-PAPS) was used as a
derivatizing reagent. The detection principle is spectrophotometry at 570 nm. Using
the proposed SI-HPLC system, on-line derivatization and separation of four metals-
nitro-PAPS complexes was achieved within 12 min. The developed method has been
successfully applied for the determination of metal ions in various samples.
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Sequential injection with lab-at-valve system for on-line micro-extraction determination
of anionic surfactant
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Abstract

Sequential injection with lab-at-valve system was developed for on-line micro-extraction
determination of anionic surfactant. The detection method is based on the formation of ion-
association compound between anionic surfactant and methylene blue, which can be extracted
into dichloromethane before spectrometric detection. Sample, reagent and dichloromethane are
sequentially aspirated via a multiposition selection valve attached with an extraction coil where
the extraction process is performed. The aqueous and organic phases are separated in a conical
separating chamber lab-at-valve unit situating a fiber optic spectrometer. The organic phase
containing extracted product is then monitored spectrophotometrically. Some water samples
have been analyzed for anionic surfactant by the developed procedure.

Keywords: sequential injection, lab-at-valve, micro-extraction, anionic surfactant
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1. Burakham R, Jakmunee J, Grudpan K. Development of sequential injection-lab-at-valve
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Abstract

Capillary zone electrophoresis (CZE) with photodiode array detection (PDA) was applied to simultaneously determine eleven organic
acids in wine, beer, and fruit and vegetable juices after derivatisation with 2-nitrophenylhydrazine (2-NPH) in the presence of N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC - HCIl). The parameters affecting CZE separation included type and
concentration of buffer, pH, organic additive and applied voltage. Optimum conditions at 25°C were: 30 mmol1~! borate buffer, pH
10.0, containing 100 ml1~" acetonitrile, at 20 kV, sample injection at 0.5 psi for 5, with direct detection at 230 nm. Separation of eleven
organic acids was achieved within 12 min. Linear calibration curves with good fit were obtained in the range 10.0-100.0 mg1~". Limits of
detection ranged from 2.0 to 10.0mg1~". Intra-day precision with RSD <4.0% for migration time and <5.0% for peak area, and inter-
day precision with RSD<6.0% and <9.0% for migration time and peak area, were obtained. Recovery for all beverage samples was

97+ 15%.

© 2007 Swiss Society of Food Science and Technology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Organic acids have important roles in beverages because
they affect the organoleptic properties (e.g. taste, aroma
and colour), stability, nutrition, acceptability and in
maintaining quality (Shui & Leong, 2002; Soyer, Koca, &
Karadeniz, 2003). Levels of organic acids in foods and
beverages provide relevant information for monitoring the
fermentation processes (Castifieira, Pefia, Herrero, &
Garcia-Martin, 2002; Esteves, Lima, Lima, & Duarte,
2004). These acids can be used for differentiation,
classification, origin identification or possible adulteration
of beverages. Therefore, it is important to be able to
precisely determine the amounts of different acids present
for quality control during beverage production, transfor-
mation, storage and distribution.

The most widely used methods for determination of
organic acids are gas chromatography (GC) (Docherty &
Ziemann, 2001) and high-performance liquid chromatogra-

*Corresponding author. Tel.: + 6643202222 41x12243;
fax: +6643202373.
E-mail address: supalax@kku.ac.th (S. Srijaranai).

phy (HPLC) (Kotani, Miyaguchi, Tomita, Takamura, &
Kusu, 2004). HPLC has been the most popular method for
analysing these acids after derivatisation. Nowadays, capil-
lary zone electrophoresis (CZE) has become an attractive
alternative technique to HPLC providing high efficiency,
short analysis time and low reagent and sample consump-
tion. In CZE, detection of organic acids can be performed
using either direct UV measurements (Buchberger & Winna,
1996; Cortacero-Ramirez, Segura-Carretero, Hernainz-Ber-
mudez de Castro, & Fernandez-Gutierrez, 2005) or indirect
UV determination (Chen, Xu, Lente, & Ip, 1996; De Villiers,
Lynen, Crouch, & Sandra, 2003; Esteves et al., 2004; Wu,
Lo, Lee, & Lin, 1995). However, both direct and indirect UV
detection offer less selectivity and samples need purification
to eliminate interfering matrices, such as sugars or phenolic
compounds. Derivatisation of organic acids before separa-
tion by CZE enhances both sensitivity and selectivity
(Cunha, Fernandes, & Ferreira, 2002). Derivatising reagents
that have been used for analysis of organic acids are 2-
nitrophenylhydrazine (2-NPH) (Miwa, 1985, 2000; Miwa &
Yamamoto, 1988, 1996), phenacyl and naphthacyl bromide
(Blau & Halke, 1993) and O-(4-nitrobenzyl)-N,N'-diisopro-
pylisourea (PNBDI) (Cunha et al., 2002). 2-NPH has been
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widely used because of the simplicity and rapidity of the
derivatisation procedure.

The aim of the present study is to optimise CZE for the
simultaneous determination and rapid quantification of the
major organic acids in wine, beer and fruit and vegetable
juices. 2-NPH was used as the derivatising reagent for
organic acids before separation of their acid hydrazides.

2. Materials and methods
2.1. Chemicals and standards

All chemicals were of analytical reagent grade or better.
2-NPH (Fluka, Australia) solution (100 mmoll™") was
prepared by dissolving the reagent in 0.1moll~' HCI-
ethanol (1:1 v:v). N-(3-dimethylaminopropyl)-N'-ethylcar-
bodiimide hydrochloride (EDC-HCI) (Fluka, Slovakia)
solution (0.25mmol1™") was prepared by dissolving the
reagent in pyridine—ethanol (3:97 v/v). Pyridine and
ethanol were purchased from Carlo Erba (France).
Potassium hydroxide (Merck, Germany) solution (1:10
w/v) was prepared in methanol-water (1:1 v/v). Organic
acid standards used were glacial acetic acid (Carlo Erba,
France); lactic acid, succinic acid, oxalic acid dihydrate,
citric acid anhydrous and trans-aconitic acid (Fluka,
Switzerland); suberic acid, glutaric acid and malonic acid
(Acros, Belgium); malic acid (Sigma, Canada) and tartaric
acid (HW, England). Stock solutions (1000mgl™") of
organic acids and various concentrations of organic acids
were prepared by dissolving accurately weighed amounts in
water. Sodium tetraborate (Univar-Ajax, Australia) was
used for buffer preparation by dissolving accurately
weighed amounts in water. Hydrochloric acid and sodium
hydroxide (Carlo Erba, France) were used for adjusting
buffer pH. Deionised water with resistivity of 18.2 MQcm
from the RiOg'™ Type I Simplicity 185 purification
system (Millipore water, USA) was used throughout the
experiments.

2.2. Instrumentation

All CZE experiments were performed using a Beckman
P/ACE™ MDQ v.5.0 Capillary Electrophoresis system
(Beckman Instrument Inc., Fullerton, CA, USA) equipped
with a photodiode array detector (190-600 nm). KARAT
software was used for system control and data handling.
Separations were carried out using a fused-silica capillary
with total length of 40.0cm (30.0 cm effective length) and
75 um internal diameter (Beckman Instrument Inc., Full-
erton, CA, USA).

2.3. Derivatisation procedure

Stock organic acid solutions (100 ul), 2-NPH (150 ul) and
EDC-HCI (200 ul) were mixed and heated at 70 °C for
10min. After addition of 100pul of 100gl~' KOH, the

mixture was further heated at 70 °C for 10min and then
cooled, filtered and analysed by CZE.

2.4. Capillary zone electrophoresis conditions

All new capillaries were initially conditioned with
methanol for S5min, followed by water for 2min,
0.1 mol1~" HCI for 10 min and water for 5min. Then they
were rinsed with 0.1 mol1~! NaOH for 10 min, with water
for Smin and equilibrated with the running buffer for
10 min. Between each separation cycle, the capillary was
automatically rinsed with 0.1 mol1~! NaOH for 5 min, with
water for 2min and with running buffer for 5min. All
electrolyte solutions were filtered through a 0.45um
membrane filter and degassed by sonication before use.

The parameters affecting the separations described
below include: buffer pH (pH 5.0-11.0), type (acetate,
phosphate, and borate) and concentration (2040
mmoll™"); organic modifier levels (acetonitrile, 50-200
mll™") and separation voltage (15-30kV). Absorbance
detection at 230 nm was used throughout the experiments.
The sample injection was set constant at 42nl (hydro-
dynamic injection at 0.5 psi for 55).

2.5. Analysis of organic acids in beverages

Beverages studied include wine, beer, and vegetable and
fruit juices. Samples were purchased from the local
supermarkets in Khon Kaen Province in Northeastern
Thailand. Wine samples are local products with various
fruit origins. The samples were filtered through a 0.45 pm
membrane filter and were diluted with water to the
appropriate values in order to ensure that the results
obtained were in the range of the calibration graph. The
diluted samples were then derivatised and analysed by
CZE. All analyses were performed in triplicate.

3. Results and discussion
3.1. Effect of pH

The pH of the electrolyte buffer has considerable
influence on the separation because it impacts not only
electroosmotic flow (EOF) but also electrophoretic mobi-
lities of the analytes. At pH 5.0 (acetate buffer), no peaks
of acid hydrazides were observed, presumably due to the
predominance of non-ionised forms of acid hydrazides.
Below pH 10.0 (phosphate or borate), good resolution
could not be obtained. Above pH 10.0, no improvement in
resolution was observed but analysis time increased
(>20min), so a borate buffer of pH 10.0 was selected as
the optimum buffer for subsequent experiments.

3.2. Effect of buffer concentration

Fig. 1a shows the migration profiles of the acid hydrazides
obtained for various concentrations (20-40 mmol1™") of the
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Fig. 1. Effect of (a) borate concentration and (b) acetronitrile content on migration time of acid hydrazides. Capillary electrophoretic conditions:
30mmoll~" borate and 100ml1~" ACN, voltage of 20kV, sample injection (0.5 psi, 5s) and detection at 230 nm.

borate buffer. With increasing borate concentration resolu-
tion increased, but the migration times also increased. In
general, the electrophoretic mobility is inversely propor-
tional to the viscosity and concentration of the running
buffer (Chen, Chen, Lin, & Chang, 1999) so increasing
buffer concentration results in longer migration time,
associated with increased Joule heating in the capillary
which results in decreasing separation efficiency. Therefore,
borate buffer concentration of 30mmoll™" was chosen.

3.3. Effect of organic modifier

Organic modifiers such as methanol, acetonitrile (ACN)
and iso-propanol are often added into the running buffer
to improve the selectivity and alter the retention mechan-
ism by changing the polarity of the aqueous phase (Nielsen,
Nielsen, & Frisvad, 1996). An organic component with low
viscosity, such as ACN, is preferred for high-speed
separations. ACN is also a very weak acid as well as a
very weak base and, therefore, it is a good differentiating
solvent for acids (Chen et al., 1999). It was found that
the addition of ACN to the running buffer extended the
migration times of the acid hydrazides and provided
the increase in resolution (Fig. 1b). Some acid hydrazides,
such as glutaric acid, succinic acid, malic acid and malonic
acid, could not be separated in the running buffer without
acetonitrile. To compromise between good resolution
(higher than 1.0) and short analysis time, 100ml1~' ACN
was selected to be used throughout.

3.4. Effect of running voltage

The driving force behind the migration of ions in CZE is
the field strength applied across the capillary, which is
related to the applied voltage divided by the capillary
length. In this study, voltages used were 15-30kV
operating over a 40.0cm capillary, which gives the field

5
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Fig. 2. Electropherogram of eleven standard organic acids (each
concentration 60mgl™"); conditions: 30mmoll~" borate (pH 10.0) and
100mll~" ACN, voltage of 20kV, sample injection (0.5psi, 5s),
temperature of 25°C and detection at 230 nm; peaks: (1) acetic acid, (2)
lactic acid, (3) suberic acid, (4) glutaric acid, (5) succinic acid, (6) malic
acid, (7) malonic acid, (8) tartaric acid, (9) oxalic acid, (10) citric acid and
(11) trans-aconitic acid.

strength of 375-750 Vem™'. Although, the analysis time
decreased with an increase in the applied voltage (data not
shown), high voltage (>25kV) resulted in high current
(>300pA) in the system. To ensure good separation and
extend the lifetime of the capillary, applied voltage was
compromised. Thus, the applied voltage was set to 20kV to
avoid too high current and to keep short analysis time.

3.5. Analytical characteristics and method validations

Fig. 2 shows a typical CZE electropherogram of eleven
acid hydrazides under optimum experimental conditions,
monitored at 230 nm. Grouped by their increasing negative
charge-to-mass ratios, mono-carboxylic acids (acetic acid
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and lactic acid) elute first as anticipated; di-carboxylic acids
(suberic acid, glutaric acid, succinic acid, malic acid,
malonic acid, tartaric acid and oxalic acid) elute next,
and tri-carboxylic acids (citric acid and trans-aconitic acid)
elute last.

The linearity of response, limit of detection (LOD), limit
of quantitation (LOQ) and precisions (i.e. intra-day and
inter-day reproducibility) were investigated. Table 1 shows
equation of regression lines which had good linearity in the
range 10.0-100.0mgl~", with regression coefficient (R?)
values higher than 0.999. LOD and LOQ were estimated
using a signal-to-noise ratio of 3 and 10, respectively.
LODs ranged from 2.0 to 10.0mgl~' whereas LOQs
ranged from 10.0 to 20.0mgl~'. The reproducibility of
the proposed method was studied by repeated injections of
the acid hydrazide mixtures 10 times in 1 day (intra-day
precision), whereas inter-day precision was tested by
triplicate injections for 4 days. The results are reported in
Table 1 in terms of relative standard deviation (RSD).
Intra-day precision (RSD<4.0% for migration time and
<5.0% for peak area) and inter-day precision
(RSD<6.0% and <9.0% for migration time and peak
area, respectively) were obtained. The results indicate that
the proposed method has good precision for both
qualitative and quantitative studies.

Recovery was studied by spiking the mixture of organic
acids (each concentration of 40.0mgl™"') into individual
beverage samples. The percentage recoveries of organic
acids from all types of samples were in the range 81.7-112.4
as summarised in Table 1. The recoveries showed
dependence on the origin of the sample and the sample
matrix.

3.6. Analysis of beverage samples
The proposed method was applied to the determination

of organic acids in different beverages, including wine and
beer, and fruit and vegetable juices. Fig. 3 shows typical

Table 1
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Fig. 3. Electropherograms of (a) red grape wine and (b) jambolan wine.
CZE conditions and peak assignments as described in Fig. 2.

Linear equations, regression coefficients, LOD, LOQ, precision and recovery range of the studied organic acids

Acid Linear equation RrR? LOD (mgl™") LOQ (mgl~") Precision, RSD (%) Recovery range® (%)

Intra-day (n = 10) Inter-day (n = 4 x 3)

Im Peak area ™ Peak area
Acetic y=0641.12x+17918  0.9995 5.0 10.0 2.34 4.64 2.32 6.64 83.2-110.9
Lactic y=206.02x+3223.6 09998 5.0 10.0 1.44 3.58 2.04 6.55 85.0-109.9
Suberic y=1364.67x+441.4 0.9999 5.0 12.0 1.48 4.04 2.00 5.14 82.7-111.9
Glutaric y=905.13x+1413.4  0.9991 2.0 10.0 1.67 4.38 2.27 8.44 83.4-112.4
Succinic y=1126.80x+10787 0.9998 2.0 10.0 1.74 2.29 2.34 5.18 82.6-104.6
Malic y =808.42x+1450.6  0.9992 3.0 10.0 1.86 3.98 245 6.99 89.4-111.9
Malonic y =459.50x+82.64 0.9992 5.0 12.0 1.86 3.94 2.67 8.49 84.6-106.2
Tartaric y=1122.60x+1078  0.9992 3.0 10.0 2.26 4.90 3.17 5.44 84.7-111.1
Oxalic y=11869x+773.69 0.9998 4.0 10.0 3.15 2.66 5.25 8.60 81.7-105.4
Citric y=523.61x+896.33 0.9994 3.0 10.0 2.46 2.95 3.22 5.00 84.8-102.3
t-Aconitic  y = 151.46x+4310.3  0.9996 10.0 20.0 2.87 4.71 5.54 6.92 83.9-112.0

“n = 3 for replicate injections in all types of beverage samples.
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Table 2
The contents of organic acids in wine and beer samples

Sample Content of acid (g17")

Acetic Lactic Suberic Glutaric Succinic Malic Malonic Tartaric Citric
Grape red wine 0.54 4.11 0.99 n.d. n.d. 1.44 n.d. 2.34 n.d.
Grape white wine n.d. n.d. 0.26 n.d. 0.56 4.41 0.44 2.38 13.49
Strawberry white wine 0.36 0.52 0.30 0.12 0.75 6.48 n.d. 5.09 1.66
Organic fruit wine 0.95 n.d. n.d. n.d. 2.10 1.39 n.d. 5.17 12.28
Black galingale wine 1.16 n.d. n.d. n.d. 1.68 0.74 n.d. 3.86 7.34
Jambolan wine 0.48 n.d. n.d. n.d. 5.73 3.58 n.d. 0.42 4.69
Roselle wine 1.23 n.d. n.d. n.d. 2.52 0.51 n.d. n.d. 12.44
Mangosteen wine 0.76 n.d. n.d. n.d. 3.58 1.58 n.d. 0.16 2.58
Star gooseberry wine 4.54 n.d. n.d. n.d. 3.25 11.01 n.d. n.d. n.d.
Beer 1 0.05 0.45 n.d. 0.05 0.06 0.21 0.24 n.d. 0.41
Beer 2 0.06 0.32 n.d. 0.05 0.08 0.28 0.12 n.d. 0.65
Wines
Esteves et al. (2004) 0.06-0.46 0.53-2.46 n.r. n.r. 0.24-0.71 0.49-2.38 n.r. 0.82-2.75 n.r.
De Villiers et al. (2003) 0.40-1.08 0.61-4.03 n.r. n.r. 0.41-1.59 0.3-3.05 n.r. 0.92-2.67 n.d.—0.32
Beers
Pérez-Ruiz et al. (2004) n.r. 0.55-0.63 n.r. n.r. n.r. 0.41-0.72 n.r. n.d.—0.22 0.73-0.20
n.d.: not detected, n.r.: not reported.
Table 3
The contents of organic acids in fruit and vegetable juice samples
Sample Content of acid (g17")

Acetic Succinic Malic Malonic Tartaric Citric

Red grape 1 n.d. n.d. 0.83 n.d. 0.50 1.79
Red grape 2 n.d. n.d. 10.30 n.d. 7.58 2.49
Tangerine orange n.d. n.d. 0.62 n.d. n.d. 5.39
Apple n.d. n.d. 2.96 n.d. n.d. 1.77
Mixed berry n.d. n.d. 0.73 n.d. 0.16 7.55
Longan n.d. n.d. 0.05 0.03 n.d. 0.09
Grapefruit flavoured n.d. n.d. 0.37 n.d. n.d. 6.36
Muscat flavoured n.d. n.d. 0.65 n.d. 0.07 5.23
Cherry flavoured n.d. n.d. 0.76 n.d. 0.06 3.84
Mixed fruit and vegetable n.d. n.d. 0.89 0.20 n.d. 8.95
Broccoli n.d. n.d. 2.46 n.d. 0.45 9.90
Purple carrot n.d. 0.06 5.50 0.19 n.d. 7.47
Tomato 0.14 n.d. 7.66 n.d. n.d. 13.23
Apple juice
Miwa (2000) n.r. n.r. 0.20-7.20 n.r. n.r. 0.30-8.50
Cunha et al. (2002) n.r. n.r. 0.20-4.90 n.r. n.r. 0.10-3.70
Chinnici et al. (2005) n.r. 0.10-0.84 1.37-5.61 n.r. n.r. 3.3-1.09
Orange juice
Cunha et al. (2002) n.r. n.d.—0.20 n.d.—4.30 n.r. n.d. 1.50-12.50
Grape juice
Soyer et al. (2003) n.r. n.r. 1.40-3.50 n.r. 4.10-8.00 0.03-0.20

n.d.: not detected, n.r.: not reported.

electropherograms obtained from the samples. Organic
acids in the samples were identified by comparing their
migration times (#y) with authentic compounds. As noted
in Table 2, five acids (i.e. acetic acid, succinic acid, malic
acid, tartaric acid, and citric acid) were almost always
present in wines, and there was considerable variation in

levels (e.g., 0.51-11.01 g1~" for malic acid). Tartaric acid
was detected in seven wine samples, but neither of the two
beer samples. Some organic acids such as lactic acid,
suberic acid, glutaric acid and malonic acid were found at
low levels. In juice samples (Table 3), malic acid and citric
acid were consistently present, but they varied considerably
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in samples (e.g., 0.05-10.30 g1~! for malic acid). The acid
contents obtained by the proposed method are comparable
to those reported in literatures. These results demonstrate
that the present method is suitable for determining organic
acids in various types of beverage samples.

4. Conclusion

CZE has been shown to be a powerful method for rapid
and simultaneous analysis of organic acids in wine and
beer, and in fruit and vegetable juices. The separation of
eleven organic acids as their acid hydrazides was achieved
within 12 min. The derivatisation with 2-NPH was simple
and provided sensitive spectrometric detection. The main
organic acids found in the beverages consisted of malic acid
and citric acid, whereas the other organic acids were found
at low levels. Oxalic acid and trans-aconitic acid were not
found in any sample. This method is well suited for
determining organic acids in beverages.
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In-capillary derivatization and field-amplified sample injection (FASI)
coupled to capillary zone electrophoresis (CZE) was evaluated for the analysis of
metals (Co(ll), Cu(ll), Ni(Il), and Fe(Il)) using 2-(5-Nitro-2-Pyridylazo)-5-(N-Propyl-
N-Sulfopropylamino)Phenol (Nitro-PAPS) as the derivatizing agent. For FASI, the
optimum conditions were water as sample solvent, 1 s hydrodynamic injection (0.1
psi) of awater plug, 5 s of electrokinetic introduction (10 kV) of the sample. Thein-
capillary derivatization was successfully achieved with zone-passing strategy in order
tandem injection of Nitro-PAPS reagent (0.5 psi, 7 s), asmall water plug (0.1 psi, 1),
and metal ion introduction (10 kV, 5s). The solution of 45 mmol L™ borate pH 9.7
and 1.0x10"° mol L™ Nitro-PAPS containing 20% acetonitrile was used as the running
buffer. Limit of detection obtained by the proposed method was lower than those
from pre-capillary derivatization about 3 — 28 times. The recovery of the method was
comparable to pre-capillary derivatization method. In-capillary derivatization-FASI-
CZE was applied to analysis of metals in wine samples. The results were compared
with those obtained by CZE with pre-capillary derivatization method and atomic
absorption spectrometry (AAS).

Key words: Capillary zone electrophoresis; Field-amplified sample injection; In-
capillary derivatization; Metal ions; Nitro-PAPS; Wines



1 Introduction

The analysis of heavy metals in a range of substances is of considerable interest
due to potential human toxicities. There is increasing demand for ssmple and reliable
methods for the simultaneous detection of several metal ions with low detection limits
and low sample/reagent consumption. Atomic absorption spectrometry (AAS) is the
most widely used method for metal analysis but simultaneous multi-element analysis
is not possible. Inductively coupled plasma atomic emission spectrometry (ICP-AES)
is capable of multi-element analysis, but the instrumentation is relatively expensive.
The simultaneous determination of metal ions with conventional high performance
liquid chromatography (HPLC) and ion chromatography (IC) have severa
disadvantages, such as long anaysis times and consumption of large volumes of
reagents. Recently, capillary electrophoresis (CE) has been shown to be a powerful
separation technique for the analysis of metals in a wide variety of sample matrices
[1-8] because of the significant advantages of resolution, speed, simplicity and lower
sample/reagent consumption. The electrophoretic determination of metals can be
easily achieved by indirect detection through the addition of appropriate species to the
background electrolyte to produce UV -absorbing species [9, 10], but the number of
appropriate compounds for this environment is limited. The pyridylazo reagent, 2-(5-
Nitro-2-Pyridylazo)-5-(N-Propyl-N-Sulfopropylamino) Phenol (Nitro-PAPS) is a
synthesized chromogenic reagent which forms water-soluble chelates with giving
high molar absorptivities of ca. 10* — 10° L mol™ cm™ [11-13]. Nitro-PAPS has been
used as a chromogenic reagent in various analytical techniques for the determination
of various metal ions. Flow-injection spectrophotometry for the determination of
Fe(ll) in purified sats [13] and the trace analysis of V(V) in river water [14] using
Nitro-PAPS have been demonstrated. The HPLC-based determination of Cu(ll),
Co(l1), Ni(I1) and Fe(ll) in rain and river waters using Nitro-PAPS has been reported
[11]. The use of Nitro-PAPS chelates incorporating pre-capillary derivatization in CE
for the determination of trace metal impurities in nickel and iron salts has been
described [15].

In CE, derivatization has been accomplished by either pre-capillary [16, 17], post-
capillary [18] and in-capillary [1, 2, 19-21] methods. Pre-capillary derivatization
requires large amounts of derivatization ligand, whereas post-capillary derivatization
requires significant post-capillary hardware modification, and loss of efficiency
during separation and peak broadening has been noted [18, 22, 23]. The increased
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popularity of in-capillary derivatization takes advantage of the fact that there is
minimal sample dilution compared to pre-capillary and post-capillary derivatization.
In-capillary derivatization can be performed by three modes. zone-passing, at-inlet
and throughout-capillary [24-26]. Among these strategies, zone-passing is
appropriate for the Nitro-PAPS derivatization since the formation of the metal
complex occurs within seconds.

In order to increase the sensitivity of detection in CE, the on-line preconcentration
methods have been developed with different strategies, such as large volume sample
stacking [27], sweeping [28], dynamic pH junction-sweeping [29], and field-amplified
sample injection (FASI) [8, 30-35]. FASI is very popular since it is quite smple,
requiring only the electrokinetic injection of the sample after the introduction of a
small plug of high-resistivity solvent (mainly water). In FASI, samples are normally
prepared in a low conductivity buffer and injected electrokinetically into a capillary
containing a high-conductivity running buffer.

In this work, the feasibility of combining FASI with in-capillary derivatization of
metal ions (Co(Il), Cu(ll), Ni(Il), and Fe(ll)) with Nitro-PAPS before their analysis
by capillary zone electrophoresis (CZE) is demonstrated. The combination of
electrokinetic injection and water or organic solvent field amplified stacking is
investigated. Studies of effects of diluents (agueous versus organic) on the stacking
by the electroinjection under FASI is performed. Finaly, in-capillary derivatization-
FASI-CZE is applied to the analysis of these metal ionsin local wine samples.

2 Materialsand methods
2.1 Chemicals and reagents

All the reagents used in this work were of analytical reagent grade. Nitro-
PAPS was purchased from Dojindo (Japan). A 1x10° mol L™ stock solution of Nitro-
PAPS was prepared in deionized water. The 1000 mg L™ stock atomic absorption
standard solutions of metal ions including Co(ll), Cu(ll), Ni(ll) and Fe(Il), were
purchased from Ajax Finechem (Australia). The working solutions of each metal
were daily prepared in deionized water except for Fe(ll) was prepared in acidic
medium of HCl (1% v/v). Sodium tetraborate was purchased from Univar-Ajak
(Australia). Water for preparation of samples and buffer solution was the deionized
water obtained from aRiOs ™ Type | Simplicity 185 (Millipore-Waters, U.S.A.) with
the resistivity of 18.2 MW.cm.
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2.2 Instrumentation

Experiments were performed on a Beckman P/ACE MDQ capillary
electrophoresis instrument (Fullerton, CA, U.S.A.) equipped with a photodiode array
detection system. The 32 Karat software version 5.0 (Beckman) was used for
instrument control, data acquisition and data analyses. Electrophoretic separations
were carried out using uncoated fused-silica capillaries (Beckman) with a total length
of 60.2 cm (50.0 cm effective length) and 75 nm 1.D. On-capillary detections were
performed at either selected wavelengths (200, 214, 250 and 570 nm) or in the
scanning mode (190 — 600 nm). All CZE experiments were thermostated at 25 °C.

A Perkin-Elmer Instruments AAnayst 100 atomic absorption spectrometer
(U.S.A.) equipped with Perkin-Elmer single element hollow cathode lamps and an air-
acetylene flame with air and acetylene flow rates of 10 and 3 mL min™ was used for
the determination of metals. The wavelengths (nm) selected for the determination of
the analytes were as follows: Co 240.7, Cu 324.8, Ni 232.0, and Fe 248.3.

2.3 Pre-capillary derivatization (as a r eference method)

The working solutions of metal ions were mixed with Nitro-PAPS solution
(1x10° mol L™ in the mole ratio of ligand:metal of 2:1 at pH 6.0 at room temperature.
The sample solution was introduced into the electrophoretic system by hydrodynamic
injection at 0.5 psi (1 psi = 6895 Pa) for 5 s before separation. The absorbance was
detected at 250 nm.

2.4 In-capillary derivatization and FAS|

In-capillary derivatization of metals and Nitro-PAPS was performed by zone-
passing option in the tandem mode. Briefly, the capillary was first filled with the
carrier electrolyte and then a plug of Nitro-PAPS solution was introduced at 0.5 psi
for 7's. After that, FASI was performed by introduction of a small water plug (0.5 psi,
1 s) and then the sample was introduced into the capillary with electrokinetic injection
at 10 kV for 5's. Subsequently, the separation voltage of 20 kV was applied through
the capillary and the on-line reaction occurred inside the capillary when the metals

mixed with the Nitro-PAPS. The complexing reaction occurs during the separation to
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obtain the corresponding metal-Nitro-PAPS chelates and subjected to spectrometric

detection.

2.5 Electrophor etic separ ation

Prior to use, al new capillaries were initially pretreated with the following
cycles: methanol, 0.1 mol L™ HCl and 0.1 mol L™ NaOH for 10 min each and
deionized water for 5 min between each rinses and finally equilibrated with the buffer
solution for 10 min before applying voltage of 10 kV acrass the capillary for 5 min.
To maintain reproducible migration times, the capillary was pre-conditioned with the
running buffer for 3 min before each run. After completing the separation session, the
capillary was flushed with 0.1 mol L™ NaOH for 5 min and then washed with
deionized water for 3 min. The running buffer used throughout the separation was 45
mmol L™ borate buffer pH 9.7 and 1.0x10° mol L™ Nitro-PAPS containing 20 %
acetonitrile. All running buffers were filtered through a 0.45 nm membrane filter

(Nylon, Chrom Tech) and degassed by sonication before use.

2.6 Wine Samples

The wine samples studied included a variety of homemade red and white
wines from a variety different fruits. The samples were purchased from the local
supermarkets in Khon Kaen Province in Northeastern Thailand. The wines were
filtered through a 0.45 um membrane filter and were appropriately diluted about 10
times with water before derivatization and analysis. All anayses were performed in
triplicate.

The AAS determinations of metals in wines were performed on standard
calibration curves. The calibration curves were constructed in range 0 —5 mg L™ with
obtained correlation coefficients higher than 0.999 for all studied metals. To obtain
the resultsin line with the calibration curves, wine samples were appropriately diluted

with water before directly analyses.

3 Resultsand discussion
3.1 Spectrometric properties
Although the metal ion-Nitro-PAPS complexes are normally detected at

visible wavelengths, higher sensitivity and good signal-to-noise ratios were achieved
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with detection at 250 nm. Using Job’s method, the ligand-to-metal ratio of 2:1 was
found for the Co(l1), Ni(l1) and Fe(ll) complexes, and 1:1 for the Cu(ll) complex.

3.2 In-capillary derivatization and FAS|

In-capillary derivatization can be achieved by successive introductions of a
sample solution and the reagent solution followed by application of the specified
voltages. Reaction occurs while both zones are overlapping each other in the
capillary. In the present study, in-capillary derivatization of metal ions and Nitro-
PAPS reagent was performed based on the zone-passing strategy. The Nitro-PAPS
reagent was first introduced into the capillary by the hydrodynamic injection mode,
followed by hydrodynamic injection of a small water plug and then the metal ions
were injected using the electrokinetic mode. All solutions were successively
introduced at the anodic end of the capillary. After the specified voltage was applied,
the metal ions as positively charged species zones migrated faster than the Nitro-
PAPS reagent zone toward the cathode, whereas the negatively charged Nitro-PAPS
species migrated to the anode. Thus, the metal ions moved into the reagent zone and
reacted to form the metal-Nitro-PAPS chelates. The mixing scheme is illustrated in
Figure 1. The parameters affecting FASI such as injection voltage and sample matrix
were investigated and optimized. Preliminary studies involving metal ions dissolved
in different solvents such as 10% acetonitrile, water, and 0.4 mol L ™sodium chloride
showed that metal ions prepared in water gave the highest peaks for al the chelates.
Although metal ions in acetonitrile provided good peak shape, the migration times of
the analytes were shifted to longer times. Thus, agueous solutions of metal ions were
used for further studies.

The effect of injection voltage was studied by introducing metal ions dissolved
in water at different applied voltages (7 — 15 kV) with a constant time interval (5 s).
The peak areas increased up to 10 kV and remained nearly constant thereafter,
possibly due to the competing migration directions and rates that affect local
concentrations. Thus, an injection voltage of 10 kV for 5 s was chosen. Figure 2
summarizes the results corresponding to each derivatization strategy; R, S, and W
refer to the reagent, sample, and water, respectively. Among the various zone-passing
introduction modes, the R-S-R configuration gave the lowest responses, except for
Cu(l1). The R-S tandem mode gave higher sensitivities for all metal ions, compared to

RSR. If the R-S tandem mode was carried out by introduction of a small water plug
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(a 0.1 ps for 1 s) before electrokinetic metal introduction, RW(1)S, increasing
responses were observed. While a time of 2 s, designated RW(2)S, produced an
increase for Co(ll), the responses for other metals decreased significantly, possibly
due to dilution in the reaction zone. The optimum condition is, therefore, represented
by RW(1)S.

3.3 The optimization of CZE conditions

In order to achieve complete separation of metal-Nitro-PAPS chelates, the
crucial parameters affecting the separation were: buffer pH, concentration of buffers,
organic modifier, and separation voltage. Preliminary experiments with three
common buffers, acetate (near pH 5.0), phosphate (near pH 7.0), and borate (near pH
9.0) buffers showed that acetate and phosphate did not lead to complete separation
due to overlap of peaks from some metals and Nitro-PAPS, whereas borate buffer
provided successful separation. Borate buffer was then investigated at the pH ranges
of 9.0 — 10.5. Co(ll), Cu(ll) and excess Nitro-PAPS were well separated, but by
increasing of pH, increased the resolution of Ni(ll)- and Fe(ll)-Nitro-PAPS could be
achieved. At pH vaues higher than pH 10.5, excess Nitro-PAPS and Cu(ll)-Nitro-
PAPS peaks co-eluted. The best separation was obtained at pH 9.7.

The effect of borate concentration was then evaluated ranging from 35 to 55
mmol L™. Increasing the borate concentration resulted in decreased mobility and
better resolution. However, high current in the capillary system was observed at high
concentrations, so 45 mmol L™ was chosen as the optimum value.

The type and concentration of organic modifier are other parameters that can
improve resolution and selectivity in separations [17, 20]. For the present study,
acetonitrile was selected and varied over the range of 10 — 25 % (v/v). The chelates
of metals were completely separated with the running buffer containing 20%
acetonitrile, so this was selected for subsequent runs.

In this study, voltages over the range of 15 — 22 kV showed little effect on
separation. However, a poor baseline was observed when the separation was
performed at the highest applied voltages, so the optimum of 20 kV was used
throughout.

In al the studies, Nitro-PAPS (1.0x10° mol L™) was added into the running
buffer in order to prevent the dissociation of metal-Nitro-PAPS chelates during the
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separation and provided good baselines [36]. No effects of Nitro-PAPS concentration
changes were observed other than some baseline drift at higher values.

In summary, the optimum running buffer was 45 mmol L™ borate pH 9.7 and
20% acetonitrile containing 1.0x10™ mol L™ Nitro-PAPS. The separation voltage was
20 kV and on-capillary detection was carried out at 250 nm. Under the optimum CZE
conditions, the four metal ions was completely separated within 20 min (Figure 3)
with the migration order of Co(lIl)-, unreacted Nitro-PAPS, Cu(ll)-, Ni(l1)- and Fe(I1)-
Nitro-PAPS, respectively. The peak of excess Nitro-PAPS (migration time 15 min)
was close to the Cu(ll) peak (16.0 min).

3.4 Analytical validations

To vaidate the quantitative aspects of the proposed method using FASI
combined with in-capillary derivatization method, quality and quantity parameters
using the optimized CZE method were evaluated and the results are shown in Table 1.
Calibration curves based on the peak area at concentrations between 0.05 mg L™ and
5.00 mg L™ exhibited good linearity was obtained with R? values higher than 0.995.
The reproducibility of the method was reported in terms of relative standard deviation
(RSD) using six repeat determinations for intra-day precison and four replicate
injections for inter-day comparisons. The RSD obtained from both of intra-day and
inter-day precisions were lower than 0.5 % and 1.2 %, respectively, for migration
time whereas 3.0 % and 4.5 % for peak area. Limit of detection (LOD) was estimated
based on signal-to-noise ratio (S/N) of 3:1 for both pre-capillary and in-capillary
methods. The results are shown in Table 2. Co(ll)-Nitro-PAPS has larger molar
absorptivity (€) than the other studied metal ions about 1 order of magnitude (i.e. 10°
L mol™ ecm™ for Co(l1)-Nitro-PAPS whereas the other metal ions have e about 10° L
mol™ ecm™). Thus, larger signal of Co(I1)-Nitro-PAPS as well as its low LOD is
obtained. Similar result was observed [11]. The in-capillary method with the
electrokinetic injection (10kV, 5 s) gives lower concentration detection than pre-
capillary approach by a factor of 3 — 28. Whereas the in-capillary method with the
electrokinetic injection produced lower LODs in the range of 5 — 40 times when
compared to pressure injection (0.5 psi, 55). The results obtained by the proposed
method can be used for the analysis of metals in sub-ppm level as lower or similar to
those obtained by others [9, 10, 19]. To ensure that the present method can be used
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for the analysis of metals in real samples, the recovery was studied by spiking the
metal ion standard solutions at 2.0 mg L™ each into all samples and analyzed in
triplicate. As shown in Table 2, the recovery obtained from in-capillary method was
comparable to the pre-capillary method. The recovery ranges showed dependence on

the origin of the sample and the sample matrix (see below).

3.5 Application

The analysis of 12 wine samples was performed following the procedure
described in Section 2.6. Figure 4 shows the typical electropherograms obtained by
the proposed method of Emblic fruit wine and white grape wine samples, respectively.
Identification of peaks was carried out by comparing the migration time (ty) of
known metal ions in a standard containing only a single metal ion with those in a
metal mixture and by spiking with known metals and looking for increases in peak
height. The contents of metals present in all studied wines arelisted in Table 3. Only
Cu(l) and Fe(Il) were found in the studied wine samples whereas Co(ll) and Ni(ll)
were not detected. Cu(ll) was found in Emblic fruit and Black Galingale wines with a
high level about 20 mg L™ for the first sample. The levels of copper in various
beverages (e.g. wines, tea, fruit juices, etc.) from some other countries have been
reviewed [37]. In wines, the copper concentration was found to be less than 2 mg L™.
Although copper was classified as an essential metal, excessive levels in wines are
potentially toxic. The maximum acceptable level of copper in wine as established by
the Office International de la Vigne et du Vin (OIV) is 1 mg L™ [38]. Iron is usualy
present in musts and wines at a concentration range varying from 0.5 up to 20 mg L™
[39]. The highest permissible concentration of iron in table wines set by the official
national legislation has been determined to be 10 mg L™. Iron contents higher than 8
— 10 mg L™ may result in turbidity and color changes [40]. In the present study,
Fe(ll) was found at different amounts in all wine samples. The highest value (~ 51
mg L™) of Fe(I1) was found in Emblic fruit wine which also has the highest content of
Cu(ll). The Longan wine contained Fe(ll) at a level of 34 mg L™ and Fe(ll) in
Rosellewine at 19 mg L™, Fe(ll) was also detected in other wine samples at levels of
16 mg L™ or lower. The presence of copper and iron at these levels suggest that all
wines may be risk of cloudiness and lack of stability. To establish the reliability of
the proposed method for analysis of metals in wine samples, the results obtained using
the CZE method with in-capillary derivatization and FASI method have been
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compared to those using pre-capillary derivatization method and AAS (Table 3). The
statistical significant as determined by the t-test at 95% confidence level showed no
significant difference in the results obtained by the three methods. Comparisons
presented here suggest that rapid and reliable results can be obtained in a highly
automated process to establish the quality of wines. Iron contamination in homemade

preparationsis of particular interest.

4 Conclusion

The method and results described here demonstrate that FASI in combination
with in-capillary derivatization is a useful technique for CZE determination of
cobalt(l1), copper(ll), nickel(l1), and iron(I1) using Nitro-PAPS as the complexing
agent. FASI of meta ions and in-capillary mixing with Nitro-PAPS were
successfully obtained with zone-passing strategies using tandem injection order of
Nitro-PAPS, a small water plug, and metal ions. Under the optimum condition, the
separation of four metals can be achieved within 20 min. Limit of detections obtained
from in-capillary derivatization with electrokinetic injection were 3 — 28 folds higher
than those obtained from the pre-capillary method. The successful application of this
method for the determination of metals in wines has been demonstrated. Only copper
and iron were found at high levels in wine samples that and these may influence on
color and stability of the homemade wines. In-capillary derivatization and FASI were
superior in terms of simplicity and ease of automation when compared to pre-capillary
derivatization. Moreover, small quantities (~ nL level) of reagent and sample were
required. Thus, the method can be considered to be an alternative to other more

complicated methods for analysis of metalsin wines.
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Figure Captions

Figure 1 The schematic reaction of metal ions and Nitro-PAPS based on in-capillary
derivatization. (a) Hydrodynamic introduction of buffer, Nitro-PAPS and
water plug, (b) electrokinetic injection of the sample, (¢) mixing and reaction
of metals with Nitro-PAPS, and (d) separation of the metal-Nitro-PAPS
chelates.

Figure 2 Comparison of introduction order for in-capillary derivatization based on
zone-passing. Conditions: metal ion standards = 3.0 mg L™ each, reagent
solution=1.0x10" mol L%, reagent injection time=7 s at 0.5 psi; sample
introduction=10kV for 5 s; water injection time=1 sat 0.1 psi; running
buffer=45 mmol L™ borate pH 9.7 and 1.0x10™ mol L™ Nitro-PAPS
containing 20% acetonitrile, potential=20 kV. Segment assignment: S,
Sample; R, reagent; W, water.

Figur e 3 Electropherogram of metal ion standards (3.0 mg L™ each) obtained from in-
capillary derivatization and FASI under the optimum condition as followed:
45 mmol L™ borate pH 9.7 and 1.0x10™° mol L™ Nitro-PAPS containing 20%
acetonitrile, applied voltage of 20 kV, temperature of 25 °C and on-capillary
detection at 250 nm.

Figure 4 Electropherograms of wine samples under the optimum conditions: (a)
Emblic fruit wine and (b) white grape wine. Remarkable with asterisks (*)

are unknown peaks.
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The schematic reaction of metal ions and Nitro-PAPS based on in-capillary
derivatization. (a) Hydrodynamic introduction of buffer, Nitro-PAPS and
water plug, (b) electrokinetic injection of the sample, (c) mixing and reaction
of metals with Nitro-PAPS, and (d) separation of the metal-Nitro-PAPS
chelates.
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Figure 2 Comparison of introduction order for in-capillary derivatization based on
zone-passing. Conditions: metal ion standards = 3.0 mg L™ each, reagent
solution=1.0x10" mol L™, reagent injection time=7 s at 0.5 psi; sample
introduction=10kV for 5 s, water injection time=1 s at 0.1 psi; running
buffer=45 mmol L™ borate pH 9.7 and 1.0x10° mol L™ Nitro-PAPS
containing 20% acetonitrile, potential=20 kV. Segment assignment: S,
Sample; R, reagent; W, water.
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Figur e 3 Electropherogram of metal ion standards (3.0 mg L™ each) obtained from in-
capillary derivatization and FASI under the optimum condition as followed:
45 mmol L™ borate pH 9.7 and 1.0x10™° mol L™ Nitro-PAPS containing 20%
acetonitrile, applied voltage of 20 kV, temperature of 25 °C and on-capillary
detection at 250 nm.
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Figure 4 Electropherograms of wine samples under the optimum conditions: (a)

Emblic fruit wine and (b) white grape wine. Remarkable with asterisks (*)

are unknown peaks.



Table 1 The analytical characteristics of the proposed method
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complex linear equation, linearity R’ intra-day precision, inter-day precision,
y=ax+b (mgL™ RSD(%), n= 6 RSD(%), n = 4x3
a b tm peak area tm peak area
Co(Il)-Nitro-PAPS 27032.0 -87.0 0.05-3.00 0.9982 0.28 2.00 0.35 4.00
Cu(Il)-Nitro-PAPS 1476.7 472.5 0.10-3.00 0.9989 0.38 243 0.51 4.20
Ni(I1)-Nitro-PAPS 1769.1 537.4 0.05-5.00 0.9953 0.42 2.75 0.67 3.85
Fe(I1)-Nitro-PAPS 4384.0 -524.6 0.20-5.00 0.9996 0.25 2.55 0.32 4.36
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Table 2 The limit of detection (LOD) and recovery for in-capillary and pre-capillary methods

LOD (mgL™)
_ _ LOD factor Recovery® (%), n=3
pre-capillary® in-capillary
complex
electrokinetic pressure pre-capillary/ pressure / " _ "
re-capillar in-capillar
injection® injection® electrokinetic electrokinetic pre-capiiary copiary
Co(I)-Nitro-PAPS 0.20 0.025 0.30 8.0 12.0 80-102 80-95
Cu(I)-Nitro-PAPS 0.20 0.080 0.50 25 6.2 83-104 85-102
Ni(I1)-Nitro-PAPS 0.70 0.025 1.00 28.0 40.0 80-103 82-97
Fe(I1)-Nitro-PAPS 0.70 0.100 0.50 7.0 5.0 82-94 87 -103

%injection of complexesat 0.5 psi for 5s
P metal ion injection at 10 kV for 5
“metal ioninjectionat 0.5psi for5s

9 reported as mean values for the twelve studied wine samples



Table 3 The content of metals in wine samples (mean, n=3)

-21-

wine copper(ll), mg L™ iron(I1), mg L™
in-capillary pre-capillary AAS in-capillary pre-capillary AAS, total iron

Emblic fruit 19.53 19.96 20.36 50.89 51.37 51.80
Mangosteen n.d. n.d. n.d. 7.78 7.36 754
Jambolan n.d. n.d. n.d. 11.17 11.95 13.84
Star gooseberry n.d. n.d. n.d. 12.29 12.59 11.26
Organic fruit n.d. n.d. n.d. 10.03 10.28 11.30
Black galingale 5.37 5.52 5.46 15.25 15.73 15.78
Roselle n.d. n.d. n.d. 19.09 20.69 19.60
Longan n.d. n.d. n.d. 34.49 35.38 39.40
Bel fruit n.d. n.d. n.d. 14.18 15.67 13.30
Strawberry n.d. n.d. n.d. 15.86 16.71 14.52
White grape n.d. n.d. n.d. 15.26 15.78 14.34
Red grape n.d. n.d. n.d. 13.03 13.89 12.90

n.d.: not detected
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Simultaneous determination of Co (1), Cu (), Ni(ll), Fe(ll)andV (V) as
their nitro - PAPS chelates by flow injection coupled to high performance liquid
chromatography

S.Srijaranai 1; W.Pimrote1; C.Kukusamude1; T.Sakaiz; R.Burakham '

1. Chemistry, Khon Kaen University, Muang, Khon Kaen, Thailand, 2. Applied Chemistry, Aichi Institute
of Technology, Toyota, Japan

A presented method involves the on-line complexation of metal ions with

2-(5-nitro-2-pyridylazo)-5-(N- n-propyl-N-sulfopropyl)-aminopheno!  (Nitro-PAPS) and subsequent
simultaneous separation by ion-pair reversed phase high performance liquid chromatography. The lab
made flow injection system was used for an on-line complexation and was coupled with HPLC via

switching valve. The separation was performed on a M-Bondapak C18 column and visible detection at
570 nm. Mobile phase compositions such as percentage of organic modifier, concentration of buffer
and concentration of ion pairing agent were optimized using the sequential simplex method. The
optimum mobile phase was obtained after 19 experiments. Using the optimum condition, baseline
separation of five metal-(nitro-PAPS) chelates was achieved within 17 min. Detection limits ranged

from 1.0 to 55.0 ng mL'1 for Co(ll) and V(V), respectively. Application of the proposed method to the
analysis of water and wine samples is demonstrated.

Citation: S.Srijaranai, W.Pimrote, C.Kukusamude, T.Sakai, R.Burakham. Simultaneous determination of
Co(ll),Cu(ll),Ni(ll),Fe(ll)yand V (V) as their nitro - PAPS chelates by flow injection coupled
to high performance liquid chromatography. Program No. 677. 2005 Abstract Viewer. Honolulu,
Hawaii: International Chemical Congress of Pacific Basin Societies
Application Design and Programming Copyright ScholarOne, Inc. All Rights Reserved. Patent
Pending.
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Capillary zone electrophoresis of carboxylic acids
A.Santalad; S.Srijaranai; P.Teerapornchaisit; R.Burakham
Chemistry, Khon Kaen University, Muang, Khon Kaen, Thailand

The simultaneous separation and determination of carboxylic acids was performed by capillary zone
electrophoresis (CZE) with UV detection of their 2-nitrophenylhydrazine derivatives. Optimum
conditions for the derivatization and capillary electrophoresis separation of 12 carboxylic acids were
investigated. Twelve studied carboxylic acids, including acetic, succinic, glycolic, suberic, glutaric,
citric, tartaric, lactic, sorbic, suberic, malonic and trans-aconitic acids, were separated in 10 minutes.
Advantages of such a system will be discussed. The proposed method has been successfully applied to
the determination of carboxylic acids in real samples.

Citation: A.Santalad, S.Srijaranai, P.Teerapornchaisit, R.Burakham. Capillary zone electrophoresis of
carboxylic acids. Program No. 676. 2005 Abstract Viewer. Honolulu, Hawaii: International Chemical
Congress of Pacific Basin Societies
Application Design and Programming Copyright ScholarOne, Inc. All Rights Reserved. Patent
Pending.
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Some Development of Chromatographic Separation
for Foods and Pharmaceutical Applications

Supalax Srijaranai and Rodjana Burakham

Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002

The research group has been active in explorting some novel packing materials
for chiral chromatographic separation. The applications for such development are aimed
for enantiomeric drugs. Some other investigations involve phenolic acids and
antioxidants in foods, sugar, amino acids and carboxylic acids inraw sugar and cane juice
for sugar cane industry.
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EXPLOITING FLOW ANALYSIS WITH LAB-AT-VALVE
(LAV] APPROACH

Kate Grudpan'?, Jaroon Jakmunee'?, Supaporn Kradtap Hartwell"?,
Somchai Lapanantnoppakhun'? and Rodjana Burakham?

'Department of Chemistry, Faculty of Science and ?Institute for Science and Technology Research and Development,
Chiang Mai University, Chiang Mai 50200 Thailand

3Department of Chemistry, Faculty of Science, Khon Kaen University,

Khon Kaen 40002 Thailand

email: katefdchiangmai.ac.th

A “Lab-at-Valve {LAV]" system has been proposed as an alternative micro-total analysis sys-
tem (UTAS]. A LAV system is designed to be an integrated unit to accommodate an analytical
process including sampling, chemical reaction for detection and detector. The LAV device is
attached to a position of a selection valve of a S| system. Manipulation of SI-LAV is made via a
software control. LAV is similar to Lab-on-Valve (LOV) which is a device attached on top of a
selection valve after the top piece of the purchased selection valve is taken out.

Discussion on similarity and difference of LAV and LOV will be made. LAV instrumentation will
be briefed. Some LAV applications will be demonstrated. They include potentiometric
determination of chloride, on-line micro extraction spectrophotometric determination of sur-
factant and pharmaceutical preparations. LAV-bead injection for some biochemical
compounds such as hyaluanan and chrondroitin sulfate.
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Analysis of Carboxylic Acids using Capillary Zone Electrophoresis with
Pre-Capillary Derivatization

Apichai Santalad, Supalax Srijaranai, Pattana Teerapornchaisit and Rodjana Burakham

Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002
Thailand

The capillary zone electrophoresis (CZE) with photo diode array detection was
developed for analysis of carboxylic acids. The carboxylic acids were derivatized with
2-Nitrophenylhydrazine (2-NPH) in the presence of N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride (EDC-HCI). The conditions for separation of carboxylic
derivatives were investigated including pH, type and concentration of buffers, organic
modifier and applied voltage. The optimum conditions were 30 mM borate buffer (pH
10.0) containing of 10 % acetonitrile, voltage of 20 kV, temperature of 25 °C,
hydrodynamic injection at 0.5 psi for 5 sec and detection at 230 nm. The electrophoretic
separation of 11 carboxylic acids, performed on fused-silica capillary 75 pm L.D. x 40 cm,
was achieved within 10 min. The present method was successfully applied for analysis of
carboxylic acids in beverage.

Keywords: Capillary Zone Electrophoresis, 2-Nitrophenylhydrazine, Carboxylic Acids,
Beverage
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Abstract: The capillary zone electrophoresis (CZE) with photo diode array detection
(PDA) is developed for the analysis carboxylic acids. The method is based on
derivatization with 2-Nitrophenylhydrazine (2-NPH) in the presence of N-(3-
dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (EDC.HCI). The parameters
affecting CZE separation were studied, including, pH, types and concentration of buffer,
organic additive and applied voltage. The optimum conditions were 30 mM borate buffer
(pH 10.0) containing 10 % acetonitrile, voltage of 20 kV, temperature of 25 °C,
hydrodynamic injection at 0.5 psi for 5 sec and detection at 230 nm. The separation of 11
carboxylic acids, using a 75 pum i.d. x 40 cm fused-silica capillary tube, was achieved
within 10 min. The present method was successfully applied for analysis of carboxylic
acids in beverages.

Introduction: Carboxylic acids are widely distributed in foods and beverages with
different contents that affect on their flavor, stability, nutrition, acceptability and keeping
quality of products. lon chromatography (IC), gas chromatography (GC) and high
performance liquid chromatography (HPLC) have been recognized as powerful
techniques for analyses of carboxylic acids. Recently, capillary electrophoresis (CE)
becomes an alternative for the separation of various substances. This work presents the

31st Congress on Science and Technology of Thailand at Suranaree University of Technology, 18 — 20 October 2005



development of carboxylic acid determination using CZE and photo diode array detection
after derivatization with 2-Nitrophenylhydrazine.

Methodology: The studied carboxylic acids including, acetic acid, lactic acid, suberic
acid, glutaric acid, succinic acid, malic acid, malonic acid, tartaric acid, oxalic acid, citric
acid and trans-aconitic acid. The derivatization was performed by reacting of carboxylic
acids with 2-NPH in the presence of EDC.HCI and was heated at 70 °C for 10 min. The
acid hydrazides were cooled and filtered before the introduction into CE system. The
experimental parameters affecting the separation of carboxylic acids were investigated.
Those parameters were types and concentration of buffer, pH, organic additive, separation
voltage and the detection wavelength. A fused-silica of 75 pum i.d. x 40 cm was used.

Results, Discussion and Conclusion: The optimum conditions were found to be 30 mM
borate buffer (pH 10.0) containing of 10 % acetonitrile, hydrodynamic injection at 0.5 psi
for 5 sec, applied voltage of 20 kV and detection wavelength at 230 nm. The separation of
11 carboxylic acids was completed within 10 min. The calibration graphs were linear in
the range of 10.00-100.00 mg I™* with the correlation coefficient greater than 0.99. The
limits of detection (LOD) were in the range of 2.00-10.00 mg I"*. The applicability of the
method was investigated by analyzing carboxylic acids in beverage samples.
The recoveries of 82-116% were obtained.

Acknowledgement: The financial support from the Postgraduate Education and Research
Program in Chemistry (PERCH) is gratefully acknowledged.
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Analysis of Amino Acids in Beverages by Capillary Zone
Electrophoresis and Pre-Capillary Derivatisation

Apichai Santalad, Supalax Srijaranai, Pattana Teerapornchaisit and Rodjana
Burakham

Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen 40002
Thailand

A simple and rapid method for the simultaneous analysis of amino acids has
been demonstrated. Amino acids were derivatised based on pre-capillary derivatisation
with 1,2-naphthoquinone-4-sulfonate (NQS) in basic mediumn and mild conditions.
Their derivatives were analysed by capillary zone electrophoresis (CZE). The crucial
parameters affecting CZE separation were investigated including buffer (pH, type and
concentration), organic modifier and separation voltage. The separation of seven amino
acids was achieved within 17 min. The present method was successfully applied to the
analysis of amino acids in beverage samples.
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Abstract: The feasibility of in-capillary derivatisation (ICD) and capillary zone
electrophoresis (CZE) were investigated for the determination of four metals ions (Co(ll),
Cu(ll),  Ni(ll) and  Fe(ll)). 2-(5-Nitro-2-pyridylazo)-5-[N-n-propyl-N—(3-
sulfopropyl)amino]phenol (Nitro-PAPS) was used as derivatising reagent.  The
derivatisation was carried out inside the capillary. The strategies for in-capillary
derivatisation include modes of derivatisation and types of reagent/sample introduction.
The crucial electrophoretic parameters, including buffer pH, buffer concentration, organic
modifier and applied voltage were optimised to provide good resolution. The analytical
features obtained from in-capillary and pre-capillary derivatisations were compared. The
scheme of in-capillary derivatisation is attractive and serves as alternative technique for
metal analysis.

Introduction: The analysis of trace heavy metals is interesting task because of their
toxicity. The favourable analytical techniques for simultaneous metal analysis are high
performance liquid chromatography (HPLC) and capillary electrophoresis (CE) based on
derivatisation pre-, on- and post-column derivatisation. Using CE, on-column (or in-
capillary) derivatisation gives more advantage features comparing to pre-column, such as
the small reaction chamber in capillary which means the minimum dilution and less
reagent consumption. In the present work, CE with in-capillary derivatisation was
proposed for analyses of some heavy metals. Nitro-PAPS was chosen as the derivatising
reagent.



Methodology: The different strategies of in-capillary derivatisation were investigated for
developing reaction of metals and Nitro-PAPS. The segment of Nitro-PAPS solution
(1x10° M) was introduced into capillary by hydrodynamic injection at 0.5 psi for
appropriated time. A mixture of metal ions was subsequently introduced by
electrokinetic injection (10 kV, 5 s). Then, the voltage was applied between both ends of
the capillary at 10 kV for 1 min to develop the reaction inside the capillary before the
separation. The crucial parameters affecting CZE separation were optimised including
buffer pH, buffer concentration, organic additive and applied voltage. A fused silica of
75 um 1.D. x 60.2 cm was used. .

Results, Discussion and Conclusion: The derivatisation was successfully performed by
zone passing technique.  The Nitro-PAPS segment was introduced into capillary at the
end of anode by hydrodynamic mode before introducing of metal ions by electrokinetic
injection. After the application of voltage, Nitro-PAPS as neutral migrated to the cathode
by electroosmotic flow (EOF) whereas the metal species migrated with the higher
velocities than reagent. Thus, the metals mixed with the reagent inside the capillary to
form their derivatives. The separation conditions were 45 mmol L™ borate (pH 9.7)
containing 20 % acetonitrile, applied voltage of 20 kV and on-capillary detection at 250
nm. Under the optimum condition, four metal-Nitro-PAPS complexes were completely
separated within 20 min. The order of migration was Co(ll), Cu(ll), Ni(ll) and Fe(ll),
respectively.
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