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Abstract

Suppressed conductimetric detection ion chromatography (IC) was investigated for the separation and detection of common inorganic
anions, calcium and magnesium by anion-exchange chromatography using a sodium carbonate—EDTA mobile phase. The formation of
anionic C&*—EDTA and Mg*—EDTA complexes allowed its separation from other inorganic anions opening the way for their simultaneous
determination in a single chromatographic run. The effect of the pH, carbonate and EDTA concentrations in the eluent and the previous
addition of EDTA to the samples has been studied. The optimised experimental conditions were applied to the determinaticendf Ca
Mg?* in mineral waters with results in agreement with alternative ICP-MS methodologies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction also anion- and cation-exchange columns in series with
a column-switching techniqufl2,13] Alternative meth-
Since its introduction in 1975 by Small et fl], ion chro- ods developed involved mixed bed ion-exchange columns

matography (IC) has emerged as a very powerful method for packed with both anion- and cation-exchange resins, mainly
analysis of anions and cations in a variety of environmen- containing alumina and silicfLl4]. More recently, single
tal samples, especially aqueous solutifih8]. IC offers a weakly acidic cation-exchange columns have been used to
number of advantages over alternative analytical methodsseparate cations by ion-exchange and anions by ion exclu-
in terms of speed, sensitivity, selectivity, simultaneous de- sion[15]. A method using a single octadecyl silica column
termination ability, stability and reliabilityf2]. However, coated with a zwitterionic stationary phase has been also
anions and cations cannot be separated simultaneously improposed16].
the same column in a conventional ion chromatographic On the other hand, attention in the literature has been fo-
system. In fact, one of the most effective developments in cused on methods based on single-column ion chromatogra-
ion chromatography has been the introduction of proceduresphy with chelating agents as eluents. Aminopolycarboxylic
that allow the simultaneous separation of metal cations andacids (EDTA, DCTA, etc.) or benzenepolycarboxylates (ph-
simple inorganic aniongt,5]. These methodologies include thalate, trimellitate, etc.) are commonly employed as eluent
both suppressed and non-suppressed techniques. ions, in both non-suppressed and suppressed ion chro-
Early attempts involved dual anion and cation columns matography{17—-27] Highly charged, strongly complexing
with a single conductivity detector and manual switching of anions react with most divalent and trivalent metal cations
the eluent flow]6,7]. More sophisticated techniques involve producing singly or doubly negative charged complexes,
the use of single and dual detection systg&jstwo-anion allowing the simultaneous separation of metal cations and
plus cation-exchange columns connected in series with twoinorganic anions.
detectors and an eluent compatible with bf#k11] and Detection that involves indirect UV photometric detection
in non-suppressed systems has received particular attention
mspondmg author. Tel:34-98-510-34-84: in_ the Iitera}tgre. Th'is is due mainly to the simplicity and
fax: +34-98-510-31-25. high sensitivity achieved and the strong UV absorption of
E-mail addressingalonso@correo.uniovi.es (J.I. Gardlonso). these chelating eluents. In this way, several authors studied
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the separation of anions and alkaline earth metal ions by by suppressed ion chromatography is evaluated, optimised
using EDTA or DCTA as eluent with UV and conductivity and validated in this paper.

detectors in seriefl7,18] A method with DCTA as elu-

ent was employed to achieve the separation of inorganic

anions and divalent and trivalent metal cations in drink- 2. Experimental

ing waters[19]. In this sense, the simultaneous separation

of inorganic and some organic anions and alkaline earth2 1. Apparatus

metal cations was studied with different aminopolycar-

boxylic acids as eluent®0]. Benzenepolycarboxylates or A Dionex model DX-120 ion chromatograph (Sunny-
benzenepolycarboxylates—aminopolycarboxylic acid mix- vale, CA, USA), equipped with a 78 sample loop was
tures, mainly with EDTA, are WIde'y used as eluents for the emp|0yed a|0ng with a Dionex PeakNet Chromatography
simultaneous determination of inorganic anions and cationsyyorkstation for instrument control as well as data acqui-
by non-suppressed ion chromatography with indirect pho- sjtion and processing in conductivity detection. A Dionex
tometric detectiorj21-23] lon Pac AG 9-HC (4 mmx 50 mm i.d.) guard column and

In contrast with indirect photometric UV detection, con- Dionex lon Pac AS 9-HC (4 mm 250 mm |d) Separation
ductivity detection is less common in the literature, due column were used. The eluent consisted of 8 MM GE;
mainly to the small differences in the conductivity between (or 10mM) plus 0.02mM EDTA (1 mimint). A Dionex
inorganic anions and chelating agents. In this sense, Ya-ASRS-ULTRA (4mm) anion self-regenerating suppressor
mamoto et al.[25] reported the separation of inorganic (100 mA; external water source mode) was used for con-
anions and Ca and Mg cations on an anion-exchange col-ductivity suppression before detection by a Dionex CDM-3
umn with EDTA as eluent and conductivity detection. conductivity cell.
Using EDTA as eluent, magnesium and calcium chelate |n addition, an inductively coupled plasma mass spec-
anions were eluted as negative peaks. This behaviour mightirometer (ICP-MS) model HP-4500 (Agilent, Yokogawa An-
be caused by the lower conductivity of the chelate anion glytical Systems, Kyoto, Japan) was connected after the con-
relative to that of the EDTA eluent anion. ductivity detector of the IC system using a 50 cm long peek

More recently, Ohta and Tanak@6] carried out the  tybing (Dionex). The isotopes selected wewe 25 and 44
simultaneous determination of common inorganic anions for magnesium and calcium detection, respectively. Instru-
and divalent cations by suppressed conductimetric de-mental operating conditions, both for separation and specific

tection using pyromellitate as eluent. A cation-exchange alkaline earth metal detection, are summarisediahle 1
membrane suppressor in the"Horm was employed after

anion-exchange separation and therefore the analytes arg Reagents
detected as an increase of the concentration ofad the

pyromell_itic acid in the eluent. ) ) Eluents were prepared by using analytical grade@\as,
Attention has also been devoted to describe and pred'CtNaHCQ (Merck, Darmstadt, Germany) and EDTA
the chromatographic behaviour of metal-EDTA complexes. ’ ’

Retention models have been developed by Hajos ¢27].
to study the retention of complexes by anion-exchange
chromatography. Suppressed conductivity detection with

Table 1
Instrumental operating conditions

carbonate eluent and EDTA as complexing agent in the Parameter Value
sample provided detection limits about one order of mag- chromatographic parameters
nitude better than in a non-suppressed system with EDTA  Chromatograph Dionex DX 120
as eluent. In this sense, the simultaneous determination Separator column (221)0;? 'Ozr';;cigs) 9-HC

H H H — — X .a.
of morganlc anions (Br@_’. SeQZ ! CrO42 ! etc.) and Guard column Dionex lon Pac AG 9-HC
metal ions (PB", CP+, Ni2*, etc.) pre-complexed by (50mm x 4mm id)
EDTA by suppressed ion chromatography has been stud- Ejuent 10mM NaCOs; + 0.02mM EDTA
ied quite recently by Bruzzoniti et dJ28]. In their paper, Eluent flow rate 1 mlimin?
the authors describe a method in which transition metals Sample loop 7l N
can be separated from common anions by anion-exchange 2¢tcton Suppressed conductivity

7 Suppressor ASRS-ULTRA (4 mm)

chromatography and detected by conductivity at ppb levels. gegenerant Distilled water (7 ml i)

The use of EDTA to form anionic complexes which can  current 100 mA
_be sgparated from other common _aniqns is further studied~p 5 parameters
in this paper. However, our focus is different from that of  |nstrument HP-4500
Bruzzoniti et al.[28] in the sense that we tried to develop  Rf power 1300 W
and validate a method which could be used by testing Argon nebuliser gas flow rate  1Imif
laboratories under realistic conditions. The simultaneous 'Sotopes monitored **Mg, “Ca

Integration time 0.3s per isotope

determination of C& and Mg+ and other common anions
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S

(ethylenediaminetetraacetic acid disodium salt dihydrate) 1 @
(Fluka, Buchs, Switzerland). An EDTA concentrated stock
solution (40 mM) was prepared for the mobile phase. Elu-
ents were filtered and degassed with helium to remove parti- sof
cles and dissolved gases. All inorganic salts used for anions,, 1*Ca 1CP-MS
standard solutions were sodium salts of analytical reagent ~ * BasNetp gl b4
grade (Merck) except bromate and phosphate, which were 403
potassium salts. Stock solutions of each anion (1000Tg | ,
were prepared by dissolving the pure salts in deionised wa- /\ng Conductii
ter (resistivity 18.2 M2 cm~1) obtained from Milli-Q water oP——— , - , - "f“my
purification system (Millipore, Milford, USA). ‘20 40 60 80 100 120
In order to avoid the use of interferent inorganic anions, time (min.)
CaCQ and MgCQ (Merck) were selected as inorganic salts
for calcium and magnesium standards. Due to its low solu- " | ()
bility in water, stock standard solutions (1000 mé)l were
prepared by dissolving such salts in a solution containing
0.1M EDTA in 0.15M NaOH (pH 10; Merck). In real sam-
ples, calcium and magnesium ions were either not treated at

100

Counts &

N
193
S

Counts

all or pre-complexed with 5mM EDTA (pH 10) in order to  s.0E4 4Ca -
ensure total cation complexation with a suitable excess of g
EDTA.
ICP-MS
detection
3. Results and discussion /\W\\\ - — -
20 40 6.0 8.0 10.0 12.0
3.1. Detection mechanism time (min.)

. ) Fig. 1. (a) Chromatograms obtained for Ca—EDTA and Mg—-EDTA com-
As a chelating agent, EDTA can form chelates with alka- plexes by conductivity and ICP-MS detection with membrane suppressor.

line earth metal ions at relatively high pH which could be (b) ICP-MS detection without membrane suppressor (isototf&a and
separated from others anions on anion-exchange columns’ M9). Eluent: 8mM NaC0z, 3.7mM NaHCQ, 0.02mM EDTA.
However, pure EDTA eluents are not suitable for sup-

pressed ion chromatography due to the high conductivity —These experimental results indicate that both calcium and
of the mobile phase after the suppressor column. This magnesium ions from the EDTA complexes were eliminated
should be translated in a low sensitivity of the conventional in the suppressor column. This behaviour could be derived
conductivity detection for the EDTA complexes. Prelimi- from the fact that when carbonate eluent is introduced into
nary studies were carried out in order to test the suitability the membrane suppressor, carbonate is converted to CO
of EDTA as complexing agent and using a conventional and HO and the pH of the eluent decreases to around 3.
carbonate/bicarbonate eluent and injecting standards ofThus, C&"—EDTA and Mg+t—EDTA complexes reaching
C&*—EDTA and Mg*+—EDTA prepared at pH 10. Both  the suppressor membrane are destroyed and so frée Ca
conductivity detection and selective ICP-MS detection were and Mgt ions are eventually removed by the suppressor
evaluated. For this purpose, the exit of the conductivity column. However, due to the partial dissociation of “freed”
detector of the ion chromatograph was coupled on-line to EDTA in the eluent at the acidic suppression pH used, the
an HP-4500 ICP-MS. Due to its high sensitivity and se- two divalent cations are detected conductimetrically as an
lectivity, ICP-MS have been previously employed as an increase of the concentration of"Hn the eluent. As a re-
alternative anion detect(?9,30]. Fig. 1 compares the chro-  sult, high and positive conductimetric detector response is
matograms obtained for €a-EDTA and Md¢*+—EDTA obtained similar to that of other common anions.
complexes by conductivity and ICP-MS detection with Calibration standards were prepared by dilution of the
(a) or without (b) membrane suppressor under the abovestock standards of calcium and magnesium (1000Thg |
reported conditions. As can be observed, two peaks cor-in different volumes of a 0.1M EDTA in 0.15M NaOH
responding to C&—-EDTA and MgT—EDTA complexes buffer solution to ensure a pH around 10 in the samples.
were detected by conductivity detection in suppressed IC. Different EDTA concentrations were evaluated and the re-
However, under these conditions the analytes were not ob-sults showed that when the concentrations of EDTA in the
served by ICP-MS detection. Conversely2CaEDTA and standards were above 10 mM, changes in Ca and Mg re-
Mg?*—EDTA complexes were detected by ICP-MS when tention times were observed when increasing the concen-
the suppressor column was bypassed as showkignlb tration of metal. This could be due to overloading the col-
for direct ICP-MS detection. umn with free EDTA which blocked anion-exchange sites
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Fig. 2. Chromatograms obtained for different Ca and Mg concentrations. 0'0000.500 0.600 0.700 0.800 0.900 1.000 1.100 1.200

Calibration standards: 0, 5, 10, 20 and 40 ppm Ca and Mg in 5mM EDTA Log C (mM)
at pH 10 (7.5mM NaOH). Eluent: 8mM N&O3, 0.02mM EDTA.

Fig. 3. Relationship between the logarithm of the retention fadfpaitd

the logarithm of the concentration of carbonate: (1) C{2) CaY?~;
in the column. This problem was eliminated by reducing the (3) NO,~; (4) MgY2—; (5) Br—; (6) NOs~; (7) HPQy2~; (8) SQy2~
concentration of EDTA in the samples. For examplig,. 2 (0.02mM EDTA).
shows the chromatograms obtained for the calibration stan-
dards of Ca and Mg when the standards were prepared in  Separations were also performed at four different EDTA
5mM EDTA and 7.5mM NaOH. Under these conditions, concentrations, 0, 0.02, 0.05 and 0.1 mM, with the car-
no important retention times changes of calcium and mag- bonate concentration in the eluent fixed at 8 mM. When
nesium complexes were observed, even for higher metalEDTA was not present in the eluent, the peak shape of
concentration levels. These conditions were selected for fur- Mg2t—EDTA degraded and changes in the retention times

ther studies in the optimisation of the separation from other of the analytes were observed. When using 0.02 mM EDTA

anions. and after successive injections, the symmetric peak shape
was recovered and a decrease in the width GFFCEDTA
3.2. Optimisation of the chromatographic separation and M¢¢t-EDTA peaks observed. This behaviour could

originate from the competence between the excess of

In order to separate simultaneously common inorganic non-complexed EDTA in the samples and the carbonate
anions plus calcium and magnesium, the effect of the anions of the eluent for the anion-exchange sites. These
concentration of carbonate in the eluent on the retention results strongly suggest that EDTA present in the eluent
behaviour was investigated. The retention times of ten may act both as eluting and complexing agent. When higher
inorganic anions and the €a-EDTA and Mg*+—-EDTA concentrations of EDTA in the eluent were used (0.05 and
complexes were studied at six different carbonate concen-0.1 mM) fast column equilibration was observed, especially
trations (4, 6, 8, 10, 12 and 14 mM) and a pH of 10.3 with for doubly charged anions but retention times of the analytes
no bicarbonate addition to the mobile phaBe&y. 3 shows decreased dramatically and a loss of resolution occurred. In
the variation of the logarithm of the retention factor (l9g addition, a significant increase of the background conduc-
for eight different analytes as a function of the logarithm of tance was observed when 0.1 mM EDTA was present in the
carbonate concentration in the mobile phase while keepingeluent, bringing about a decreased sensitivity of the con-
the EDTA concentration constant at 0.02 mM. It can be seen ductivity detection. A concentration of EDTA in the eluent
that the relationship between lagand log([CQ27]), in of 0.02mM was selected as the best compromise between
mM, was linear as expected. As showrHig. 3, thek values column equilibration time, suitable separation among the
decreased when the carbonate concentration is increasednalytes studied and sensitivity.
and a more significant decrease in the retention is observed The effect of the pH of the eluent on the chromatographic
for divalent anions. Experimental values of the slope of behaviour was evaluated in the range 9.5-10.5 by adding
the linear trend for calcium and magnesium signals was either HCI or NaOH to the mobile phase. Separations were
similar to the divalent anions (S8, HPQ;2~) and about performed by keeping the total carbonate concentration
twice that for monovalent anions, according to the expected constant at 8 MM and the concentration of EDTA fixed at
anion-exchange mechanism. These results confirm that bott0.02 mM. When the eluent pH was decreased to pH 9.5,
Ca&+t—EDTA and Mgt—EDTA complexes were separated in  peak broadening of calcium and magnesium complexes was
the anion-exchange column as divalent anionic complexes.observed. This behaviour was especially noticeable for the
Optimum carbonate concentration selected was 8 mM Mg?t—EDTA complex. This is probably due to the loss of
NapCQs, providing a good separation at reasonable elution stability of the CA"—EDTA and Mg*—EDTA complexes
times. when decreasing the pH, especially for the lowest forma-
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tion constant complex Mg —EDTA. On the other hand, 200 }
no change in the peak width of the other inorganic anions 175 § 1
was observed. From the above results, it was concluded
that the optimum eluent conditions were 8 MM sodium

carbonate-0.02mM EDTA, which provided a pH of 10.3, '#}
when the samples contained 5mM EDTA to form the *S 1003
anionic C&+ and Mg+ complexes.

150 T

BT 2

50 T 3
3.3. Effect of the previous EDTA addition in real samples

25

In order to further reduce contamination risks and sim- o —\rJ
plify the method, the elimination of the pre-complexation 0 25 50 75 100 125 150 175 200
step with EDTA in real samples was studied. Initial ex- time (min.)
periments showed that when none or very low concentra- Fig. 4. Chromatograms obtained for a drinking water spiked with inorganic
tion of EDTA was present in the samples re-equilibration anions (without pre-complexation step) using a 10mM,®@; and
of the ion-exchange column was required as the retention0.02mM EDTA eluent: (1) F; (2) CIO;~; (3) BrOz~; (4) CI7; (5)
times of the analytes increased after successive injectionsCaY* : (6) Nz (7) MY~ (8) Br; (9) CIO;™: (10) NO;™: (11)
Optimum and constant separation conditions were achievedPo"+ (12) SG~.
by increasing the carbonate concentration in the eluent to
10 mM while keeping the EDTA concentration at 0.02mM. Ca+t-EDTA and Mgt-EDTA complexes. Calibration
The chromatographic behaviour observed indicated that, ingraphs were obtained by plotting peak area against the
the absence of EDTA in the samples,?Cand Mg+ com- concentration of the corresponding anion studied. Linear
plexes were readily formed in the chromatographic column, calibration graphs were obtained over the concentration
with EDTA acting as both complexing and eluting anion.  ranges tested up to 100 ppm for chloride, chlorate, nitrate

The final separation obtained under these conditions isand sulphate. Excellent linearity was obtained for both
shown inFig. 4. As can be observed, adequate resolution EDTA complexes up to 80 ppm (as metal) and for concen-
between Ca and Mg and the rest of anions was obtained. Ittrations above 80 ppm, especially for the magnesium com-
was also observed that the small excess of EDTA presentplex, excessive peak broadening was observed. For fluoride,
in the calcium and magnesium calibration standards did not chlorite, bromate, nitrite, bromide and phosphate, a good
significantly affect the column equilibration conditions or linearity was found up to the maximum concentration level
retention times. So, in order to simplify sample preparation, assayedTable 9. Detection limits (LODs) were evaluated
no pre-complexation of calcium and magnesium was finally as three times the standard deviation of the background

selected for the analysis of real samples. signal using a 7ql injection loop. The results obtained
show the excellent detectability found for both calcium and
3.4. Analytical performance characteristics magnesium species, similar to that of common inorganic

anions {able 2.
Table 2 shows the compared analytical performance Peak widths (at 50% of peak height) and retention times
characteristics observed for common inorganic anions plusobtained for the inorganic anions and divalent cations are

Table 2
Analytical performance characteristics

Retention time Peak width Linear range r2 LOD Precision

(min) (min, 50% height) tested (mgt?) (n = 10) (mgl~1) (R.S.D., %,n =5)
Fluoride 3.55 0.15 0-20 0.9994 0.008 .7
Chlorite 4.56 0.14 0-20 0.9980 0.01 0.5
Bromate 5.12 0.14 0-2 0.9993 0.03 a3
Chloride 5.79 0.14 0-100 0.9986 0.006 b1
Calcium 6.35 0.27 0-80 0.9992 0.015 .1
Nitrite 7.12 0.21 0-20 0.9997 0.02 az
Magnesium 8.32 0.31 0-80 0.9985 0.02 0.3
Bromide 9.17 0.22 0-1 0.9987 0.04 az
Chlorate 9.73 0.25 0-100 0.9975 0.007 a2
Nitrate 10.59 0.27 0-100 0.9974 0.006 .2
Phosphate 12.24 0.35 0-20 0.9996 0.03 b0.4
Sulphate 14.32 0.38 0-100 0.9976 0.01 b0.1

a At 1mgl-? level.
b At 20mgi? level.
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also given inTable 2 As can be observed, peak widths in-
creased with analyte retention, except for the EDTA com-
plexes. As shown ifTable 2 higher peak widths were ob-

served for calcium and magnesium complexes as compared

with inorganic anions of similar elution time. This could be
due to partial decomposition of the complexes during sep-
aration or to a broadening effect in the suppressor column
where the complex is destroyed.

In order to test the reproducibility, five replicates from
a standard solution containing a mixture of such anions,
at different concentration levels, were injected. The results
obtained, in terms of R.S.D. (%) of peak area, can be also
observed infable 2 For anions studied at low concentration
levels (1 ppm), R.S.D. were found to be around 2% (except
for fluoride and chlorite which provided precisions below
1%). At higher concentrations (20 ppm), the anions studied

showed a noticeable decrease in their R.S.D. reaching the

range of 0.1-1%. In this sense, excellent reproducibilities
were found for both C& and Mg+ as EDTA complexes.

3.5. Analysis of real samples

In order to demonstrate the suitability of the proposed
method for the simultaneous determination of inorganic an-
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80

ICP-MS (mg ')

10 20 30 40 50 60 70 80
IC Conductivity (mg I
Fig. 6. Comparisons of ion chromatography and ICP-MS for the deter-

mination of Ca and Mg in drinking water samples. No pre-complexation
with EDTA performed.

ions, calcium and magnesium by conventional suppressed

IC, different water samples were analysed by two alterna-
tive methods: IC and direct ICP-MS with conventional neb-
ulisation. All samples were analysed after filtration with a
0.45um membrane filter, and both pre-complexation with

EDTA and no previous EDTA treatment were evaluated by
ion chromatographyFig. 5 shows the chromatograms ob-

tained for three different mineral water samples by sup-
pressed conductivity detection ion chromatography with no
EDTA pre-complexation. The peak resolution among inor-

ter samples both by suppressed IC and ICP-MS detection.
The uncertainly ranges indicated in the figure for ICP-MS
correspond to two standard deviations foe= 3 samples.

For IC, the uncertainties were, in general, smaller than the
size of the points. The experimental results indicate a good
agreement between both analytical methods for all samples.
In most cases, conductivity detection provided better preci-
sions than ICP-MS detection due to its stable background
conductivity, which allowed reproducible peak integration

ganic anions and divalent cations was quite satisfactory eveneven at low concentration levels.

for the very close Cl and Ca¥~ peaks.
Fig. 6 represents the analytical results obtained for cal-
cium and magnesium ions in nine different drinking wa-

120T
100T

80T
us

60T

40T

Perrier

20T

Fuensanta

Cuevas

100 120 140 160 180

time (min.)

20 40 60 80

Fig. 5. Chromatograms obtained for three different mineral water samples
by suppressed conductivity detection (shifted for clarity): (1) &) CI~;
(3) Ca¥2~; (4) MgY?~; (5) NOz~; (6) SQu?".

In the same way, conductivity measurements, obtained
both with and without the addition of EDTA to the sam-
ples, showed an excellent agreement. These results confirm
that prior complexation of real samples with EDTA is
unnecessary.

4. Conclusions

A method for the simultaneous determination of com-
mon inorganic anions, Ga and Mg by suppressed
anion-exchange chromatography with conductivity detec-
tion has been developed. Alkaline earth metal ions are sep-
arated from inorganic anions as anionic EDTA complexes,
so metal-EDTA complexes are detected conductimetrically
after their conversion to free EDTA in the suppressor col-
umn. The effect of the carbonate concentration, EDTA and
pH of the eluent were studied in order to obtain the best
separation conditions. Experimental results confirmed that
both C&t—EDTA and Mg"—EDTA complexes are mainly
separated in a pure anion-exchange process as divalent
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anionic complexes. Moreover, the kinetics of formation are

133

[5] P.V. Nesterenko, Trends Anal. Chem. 20 (6-7) (2001) 311.

fast enough and so the use of a pre-complexation step with [6] T.R. Crompton, Determination of Anions: A Guide for the Analytical

EDTA in real samples is unnecessary.

The method described offered good sensitivity and repro-

ducibility for Ca and Mg determinations. Detection limits

Chemist, Springer, Berlin, 1996.

[7] N.P. Barkley, G.L. Contner, M. Malanchuck, lon Chromatographic
Analysis of Environmental Pollutants, Ann Arbor Science, Michigan,
1979.

at ppb levels and precisions, better than 1%, were similar to [8] H. Small, T.E. Miller, Anal. Chem. 54 (1982) 462.

those found for common inorganic anions. However, linear-
ity observed was shorter than for other inorganic anions an
peak widths were broader than inorganic anions with similar

[9] V.K. Jones, J.G. Tarter, J. Chromatogr. 312 (1984) 456.

d[10] V.K. Jones, S.A. Frost, J.G. Tarter, J. Chromatogr. Sci. 23 (1985)

442.
[11] R. Saari-Nordhaus, J.M. Anderson, J. Chromatogr. 549 (1991) 257.

elution characteristics. The method has been applied to the[12] R. Saari-Nordhaus, L. Nair, J.M. Anderson, J. Chromatogr. 602

determination of calcium and magnesium in real water sam-

(1992) 127.

ples. For validation purposes, the experimental results werel13] K. Deguchi, K. Kohda, M. Ito, J. Chromatogr. A 845 (1999) 165.

compared with those obtained by conventional ICP-MS. A

good agreement between both analytical methods has been

observed both with and without the addition of EDTA to the
samples.
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