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Abstract

A rapid and reliable capillary zone electrophoresis method for the determination of inorganic cations was developed. The complete
separation of K, B&*, C&*, Na*, Mg?*, Mn?*, Ni®*, Ccf*, Li* and C@* can be achieved in 4 min with a simple electrolyte composed by
10 mM imidazole as the carrier buffer and background absorbance provider and acetic acid as the complexing agent (pH 3.60). Injection
was performed hydrostatically by elevating the sample at 10 cm for 30s. The running voltage was +25kV at room temperature. Indirect
UV-absorption detection was achieved at 185 nm. The detection limit was in the range between 0.06 AiyAui@.57 mg/l (K) and the
quantification limits ranged from 0.10 mg/l (N) to 0.80 mg/I (C&"). The calibration graphs were linear in the concentration range from
the quantification limit till at least 1 g/l in K 10mg/l in B&*, C&*, Mg?*, Mn?*, Ni?* and Cd*, 40 mg/l in N& and 12mg/l in Lt and
CU?*. The repeatability, intraday and interday analysis weteb5% and<3.64% for migration time anet3.38% and<3.63% for peak area.
The method developed has been applied to several beverage samples with only a simple dilution and filtration treatment of the sample. The
proposed method is simple, fast, cheap and it is achieved with common products in either laboratory. For these reasons, it is a very useful
method for routine analysis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Beck and Engelhardb] first proposed imidazole as a
chromophore co-ion of the electrolyte for separation of metal
Capillary zone electrophoresis is one of the more power- cations. They investigated several background carrier elec-
ful separation techniques for the analysis of a wide variety trolytes for indirect UV-absorption detection and found imi-
of sample matrice§l-3]. The advantages of ion analysis dazole to be suitable for the separation of metal ions, amines
using this technique include resolution, speed, simplicity and and amino alcohols. Their results proved the applicability of
reduced sample preparation. H@rt4] first reported the this running electrolyte in routine analysi&able 1summa-
application of capillary electrophoresis with indirect detec- rizes some electrophoretic methods published with imidazole
tion for the analysis of inorganic and organic anions. From as background electrolyte and indirect UV-absorption detec-
this work, a variety of application areas for capillary elec- tion.
trophoresis have been developed based on various separation Some electrophoretic methods used imidazole as back-
principles. ground electrolyte for the determination of cations in food
samples. Beck and Engelhaf8i, Quang and Khaledif],
Pantsar et al[7] and Shakulashvili et a[8] applied their
* Corresponding author. Tel.: +34 981 594626; fax: +34 981 594912.  Methods to cation analysis in water samples and Yang et
E-mail address: gqnhuidob@usc.es (J.F. Huidobro). al. [9] developed a method for 'K C&*, Na*, Mg?* and
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Table 1

Some electrophoretic methods published with imidazole as background electrolyte and indirect UV-absorption detection

Metal cations analysed Electrolyte composition pH Separation  Sample Reference

time (min)

K*, C&*, Na', Mg?*, Ni2*, C*, C**, 10 mM imidazole, 0.5% acetic acid 4.32 20 Water, human plasma [2]
NH4*, Zr*, Ci2*

K*, B&*, C&*, Na', Mg?, Li* 5mM imidazole, HSQy 4.5 4 Water [5]

K* B&*, SP*, Cca&*, Nat, Mg?t, Mn2*, 6 mM imidazole, 3.95 4 Water [6]
Ni2*, Cd*, Feé*, C&, Lit, Zn?t, 12 mM a-hydroxyisobutyric acid,
Cu* acetic acid

K*, C&*, Na', Mg?* 5mM imidazole, 4.1 5.5 Water [7]

6.5 mM a-hydroxyisobutyric acid,
2mM 18-crown-6 ether

K*, B&*, SP*, Cc&*, Nat, Mg?*, Mn?*, 10 mM imidazole, 13 mM glycolic acid ~ 4.32 20 Water [8]
Ni2*, CP*, F&*, C?*, Lit, Zn?t,
Cw*, PIP*, CP*
K*, C&*, Na', Mg?*, Mn?* 5mM imidazole, 0.5 M HSO, 45 3 Electrolyte solutions, [9]
apple juice, orange
juice
NHg*, K*, B&*, SP*, C&*, Na', Mg?*, 5mM imidazole, 4.5 12 Chinese tea infusions [10]
Mn2*, Ni%*, Li*, zr?*, Cuf, Cr2* 6.5 mM a-hydroxyisobutyric acid,
0.53 mM 18-crown-6 ether, MeOH 20%
C*, NHg*, K*, B&*, S+, C&*, Na", 10mM imidazole, 5mM lactic acid, 4.5 5 No application [19]

Mg2*, Mn2*, Ni2*, C#*, Fé*, C?*, 0.5mM 18-crown-6 ether
Li*, Zr?* CU?*, PIP*
Cs*, KY, Bad, SPY, C&*, Na', Mg?*,  Pyridine or imidazole with glycolic acid 4.0 15 Water, food soil [20]
Mn2*, Ni2*, C*, Fé*, C?*, Li*,
Zr?*, Cu*, PIP*, Cr?*

K* Ba&*, C&*, Na', Mg?, Lit Imidazole with several complexing Several pH values Several times  No application [21]
agents

CUw?* determination in apple juice and orange juice sam- 2. Experimental
ples. Later, Yang et a[10] proposed other method with a .
more complex electrolyte composition that was applied to - Chemicals

Chinese tea infusions. O.the.r backgrqund .electrolytes were Analytical standard-grade % B&*, C&*, Na*, Mg2*,
_also used for the determination of c_at|ons in beverages.. ForMn2+, Ni2*, C*, Li*, Cl2* and imidazole were obtained
instance, Weston and Browh1] applied an electrophoretic from Sigma (Sigma Chemical Co., St. Louis, MO, USA).
method with backgrqund ele_ctrolyte based on 5_ml\_/| U_VCat- Stock standard solutions were obtained by dissolution of
1, 6.5 mMa_—hydroxyls_obutyrlc aC|d_ at pH 4;4 W't+h |nd|2r+ect metal cations in Milli-Q water and stored at@. The Milli-Q
UV-absorption detection to determin€ KCz", Na", Mg water was purified by passage through a Compact Milli-

and C@#* in a commercial orange juice. After thatiilez . - :
) RO and Milli- t tem f Mill , Milford, MA,
et al.[12] analysed K, C&*, Na", Mg?*, Mn?* and Li* in USAE:m Hli-Q water system from Millipore, Milfor

wines with a background electrolyte composed by UVCat-1, Acetic acid and sodium hydroxide pellets were analytical-

a-hydroxyisobutyric acid and 18-crown-6 ether at pH 4.5 and reagent grade and supplied by Merck KGaA, Darmstadt
indirect UV-absorption detection. Germany ' '

Apart from these references, several excellent reviews
offer extensive lists of the capillary electrophoresis methods 2 2. Byffers and pH adjustment
for cation analysi$1,3,13-16].

The determination of metal cations in beverages isimpor-  Running buffer contained 10mM imidazole of back-
tant because they have influence on the organoleptic properground electrolyte. The pH was adjusted at 3.60 by adding
ties of foods (Nifiez et al[12]). This determinationis usually 1 M acetic acid. The buffer solution was freshly prepared and
made in a food quality control laboratory to study the nutri- filtered through a 0.4pm membrane.
tional value of some foodstuffs.

Then, this paper aim has been to optimize the parameters2. 3. Apparatus
to obtain a simple and rapid capillary zone electrophoresis
method for the determination of main metal cations in bev-  Separation was carried out on a Waters Capillary lon Anal-
erage samples for routine analysis. yser (CIA System, 1.3 Version) equipped with a positive
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power supply and an UV detector with a 185nm wave- Table2
length filter. Fused-silica capillaries with g&n i.d. and Migration times (= 3), detection and quantification limits and correlation
60cm in length were used (Waters Associates Inc., Mil- coefficients (r) of calibration plots of metal cations analysed in the proposed

- . L method
ford, MA, USA). The distance from the point of injection Car y— — Quantiicat
. - . _ ation Igration tme etection uantification r

to the window of on-column detection was 52.5 cm. Ele<_:t_r(_) (min)+S.D. limit (ma/) limit (mg/l)

pherograms were collected and plotted by the data acqwsmonK+ 5 201006 057 0.62 0.9993

syst.em Millennium 2010 v. 2.;5 with _specmc_: option CIA for Bt 2844008 0.37 050 0.9991

capillary zone electrophoresis. A Crison micropH 2002 pH 2+ 2.99:+ 0.08 0.12 0.18 0.9996

meter (Crison Instruments S.A., Alella, Barcelona, Spain) Na 3.15+0.09 0.12 0.17 0.9992

and a Selecta Agimatic-S magnetic stirrer (Selecta, Abr- Mg2+ 3.23+0.10 0.06 0.16 0.9992

era, Barcelona, Spain) were also used. The electrolyte Wa§,\\l"” gg?i 8-18 g-éi 8-13 8-8282

filtered with membrane filters Phenomenex Qu4B, AFO- Pt 3534012 0.16 025 0.9998

0504 (Phenomenex, CA, USA). Li* 3.75+0.13 0.11 0.14 0.9988
Ccw* 3.98+0.15 0.53 0.80 0.9983

2.4. Electrophoretic procedure

Prior to use, new capillaries were treated with the follow-
ing wash cycles: (i) 10 min with Milli-Q water, (ii) 10 min
with 1 M NaOH, (iii) 10 min with 10 mM NaOH, (iv) 30 min
with Milli-Q water and (v) 60 min with the background elec-
trolyte. The (i) and (ii) steps were omitted for daily condi-
tioning of the capillary and between injections, the capillary
was washed 2 min with running electrolyte.

3.1. Detection and quantification limits

The detection limit (LOD) was calculated ag+ 3s,
wheresy is the average signal of 10 blank injections (abso-
lute area value of each cation migration titad%) and
s the standard deviation. The quantification limit (LOQ)
. ) was calculated as, + 10s, wheresy is the average signal

_After the analysis of Fhe day, t_hg capillary was.washed of 10 blank injections and the standard deviation (ACS
with 10 mM NaOH (10 min) and Milli-Q water (30 min). Committee on Environmental Improvemém8]). The LOD

Injection was performed hydrostatically by elevating the ranged from 0.06 mg/l for M to 0.57 mg/l for K and the
sample at 10 cm for 30 s. The separation run was carried outl_OQ ranged from 0.10 mg/l for Nf to 0.80 mg/l for C&*
in 4 min at a constant voltage of +25kV (current2&) and (Table 2) ' '

at room temperature. The detection mode was indirect UV-
absorption at 185 nm. Injections were made in triplicate. . .
3.2. Calibration curves
2.3 Samples Calibration curves were determined for seven different
concentrations of a mixture of cations standard solutions.
Each calibration sample was injected in triplicate. Calibra-
tion graphs were obtained plotting concentration against peak
area and applying the least squares methatle 2lists the
correlation coefficients of these calibration plots which were
linear in a wide interval from the quantification limit till at

The proposed method was applied to several beverages
as red wine, white wine, peach and apple juice, grape and
pineapple juice, orange juice and orange soft drink. These
samples were purchased at a local supermarket. 1 ml of sam-
ple was dissolved in 100 ml of Milli-Q water, filtered through
0.45um membrane and injected directly without any other
sample treatment.

3. Results 2:000 4 2
1.500-

The proposed method allowed the identification and quan-% ]
tification of K*, Ba?*, C&*, Na*, Mg2*, Mn2*, Ni2*, Cc*, 10004 g 5 s
Li* and C@#" in several beverage samples. These metal .50 i l
cations were identified by comparison of their migration 3 /| d\l
times with those of standards and they were quantified by 00007 -
using an external standard calibration with peak area. Eval- 2_;)00' YN B0 3900 4000

uation of peak area is recommended for analysis where high Minutes
concentrations of analyte are expected and electromigration
dispersion cannot be eliminated (Sustacek ¢1&l). Table 2
P ( ¢ D developed electrophoretic method was applied (10 mM imidazole and acetic

shows the migration times of cations analysed:m 1,an acid, pH 3.60, +25kV, room temperature, indirect UV-absorption detection,
electropherogram with the complete separation of the cat|onslg5 nm; K, B&* and C&*: 5 mg/l; C&*, Na*, Mg2*, Mn2*, Ni2*, C2*

studied in proposed conditions is shown. and Li*: 1 mgl/l).

Fig. 1. Separation of metal cations of a standard mixture solution, when the
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Table 3 1 2
Precision results in R.S.D. (%) of metal cations analysed by the proposed 3-500 i
method 3,000 —f
Cation Intraday (&= 5) Interday (= 3) 3

2.500 3

Ca

Migration time Peak area Migration time Peakarea g

2.000 3

K* 0.79 1.07 2.27 1.82 E z

Ba2t 1.01 0.81 2.64 1.52 1.500 3 W

ca* 1.08 1.05 2.77 1.03 ] =

Na* 117 1.19 2.89 118 ooy T

Mg?* 119 1.30 2.97 1.16 2,000 2.500 3.000 3.500 4.000

Mn2* 1.23 251 3.02 3.63 Minutes

Ni2* 1.24 1.43 3.04 1.34

C?* 1.33 231 3.26 2.63 Fig. 2. Electropherogram of metal cations separated in agrape and pineapple
LiL:2 1.46 173 3.43 1.35 juice sample with the proposed method.

cuwt 1.55 3.38 3.64 3.01

4. Discussion
least 1g/l in K, 10mg/l in B&*, C&*, MgZ*, Mn%*, Ni2*

and Cd*, 40mg/l in N& and 12 mg/l in Lt and C&". The most efficient background electrolyte in the sepa-
rations of alkali and alkaline earth cations was imidazole
3.3. Precision because its electrophoretic mobility is close to those of metal

cations. Imidazole was also a visualization agent in capillary

Repeatability (interday and intraday) was studied to obtain zone electrophoresis with indirect UV-absorption detection
the method precision. Intraday analysis was established by(Francois et al[19]). Lee and Lirf20] determined the mobil-
the injection of the standard mixture of cations five times ity ofimidazole, pyridine and benzylamine asthe background
at the same day. Interday repeatability was determined byelectrolyte. They concluded that the mobility of imidazole
analysing the standard mixture on 3 different dakable 3 matched best with the alkali and alkaline earth metal ions
shows the results of the precision of migration time and and these ions were better separated in this buffer. Therefore,
peak area. The relative standard deviations (R.S.D., %)we selected imidazole as the best background electrolyte. The
of the intraday and the interday studies ar&.55% and effect ofimidazole concentration was studied in the 5-20 mM
<3.64% for migration time and<3.38% and<3.63% for range by maintaining a constant pH value of 3.60. We have
peak area, respectively. The variation of migration time could observed that if imidazole concentration was greater, the
be reduced by the calculation of relative migration times with migration times of the cations were higher. A 10 mM imi-

the addition of a reference compound. dazole concentration was selected as the optimum because
the separation of the cations is the best in a short analysis
3.4. Samples time. Tacking into account the influence of background elec-

trolyte complexing agent, Lin et gl21] noted that the acid

The proposed method was applied to the analysis of added to adjust the buffer pH affected the resolution and the
cations in samples of red wine, white wine, peach and apple migration order of the ions. If HCl was used to adjust the pH,
juice, grape and pineapple juice, orange juice and orange softNa* and Md?* overlapped. They also explain that acetic, gly-
drink (Table 4) Fig. 2shows an electropherogram of the sep- colic, lactic acids and-hydroxyisobutyric acid affected the
aration of the cations analysed of grape and pineapple juice.cations separation in a similar way. Acetic acid is the most
K*, Ca*, Na* and M¢* were found in all samples. Orange  common acid so we selected it for pH adjustment.
juice had the most number of quantified cations and peach  On the other hand, the resolution at the baseline level and
and apple juice had the most content of quantified cations. the cations separation were influenced by the pH (Lin et al.
Traces of N#* were found in orange juice. So this method [21]). For this reason, the effect of the pH value was studied
could be used for the detection of food contamination by in a 3.50-5.00 range. We saw that the higher pH the faster

heavy metals. migration times. Values up to 3.60 overlapping occurred and
Table 4
Metal cations concentration (mg/l) obtained when the proposed method was applied to beverage samples
K* Ba* ca*t Na* Mg?* Mn?2* NiZ*
Red wine 16.11 - 1.54 0.78 1.12 - -
White wine 14.34 - 0.98 0.63 0.96 - -
Peach and apple juice 19.30 - 1.06 0.89 0.89 - -
Grape and pineapple juice 18.11 - 2.20 1.15 1.69 0.23 -
Orange juice 21.82 0.94 0.89 0.39 111 - 0.14

Orange soft drink 7.01 0.55 1.23 0.30 - - -
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also values up to 4.50 Gticannot be detected. Then, a3.60 and Professor Juan Carlos GarcMonteagudo of the
pH value was selected. Although, this pH value is out of the Chemistry-Physics Department of the Pharmacy Faculty both
buffering region of both BGE components, we have selected Of University of Santiago de Compostela for their helpful
anyway in order to improve cations sensibility and determine comments.
as much cations as possible.
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