
Journal of Chromatography A, 1071 (2005) 197–204

Evaluation of capillary electrophoresis for determining the
concentration of dissolved silica in geothermal brines
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Abstract

The determination of silica concentrations in geothermal brines is widely recognized as a difficult analytical task due to its complex chemical
polymerization kinetics that occurs during sample collection and chemical analysis. Capillary electrophoresis (CE) has been evaluated as a new
reliable analytical method to measure silica (as silicates) in geothermal brines. Synthetic and geothermal brine samples were used to evaluate
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E methodology. A capillary electrophoresis instrument, Quanta 4000 (Waters–Millipore) coupled with a Waters 820 workstation w
arry out the experimental work. The separation of silicates was completed in∼5.5 min using a conventional fused-silica capillary (75�m i.d.
375�m o.d.× 60 cm total length). A hydrostatic injection (10 cm for 20 s at 25◦C) was employed for introducing the samples. The ca

lectrolyte consisted of 10 mM sodium chromate, 3 mM tetradecyltrimethyl-ammonium hydroxide (TTAOH), 2 mM sodium carbon
mM sodium hydroxide, adjusted to a pH 11.0± 0.1. Silicates were determined using an indirect UV detection at a wavelength of 2
ith a mercury lamp and with a negative power supply (−15 kV). A good reproducibility in the migration times (%R.S.D.∼ 1.6%) base
n six non-consecutive injections of synthetic brine solutions was obtained. A linear response between silica concentration an
eak area was observed. Ordinary (OLR) and weighted (WLR) linear regression models were used for calculating silica concentr
amples using the corresponding fitted calibration curves. The analytical results of CE were finally compared with the most proba
f synthetic reference standards of silica using the Student’st-test. No significant differences were found between them atP= 0.01. Similarly

he atomic absorption spectrometry (AAS) results were also compared with the most probable concentrations of the same referenc
nding significant differences atP = 0.01.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Silica is one of the major components of the Earth’s crust
1]. The processes of water–rock interaction that occur in-
ide deep geothermal reservoirs produce hot saline fluids
r brines[2]. These brines normally have temperatures be-

ween 250 and 300◦C, and contain significant amounts of
issolved silica as orthosilicic acid (H4SiO4

◦) among other
omponents[3]. The brines usually become supersaturated
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with H4SiO4
◦ as a result of temperature changes that o

inside geothermal wells or reservoirs[3]. At hydrotherma
conditions, H4SiO4

◦ polymerizes to form siloxane bonds a
undergoes partial dehydration [Si2O(OH)6]. With the size in
crease of these polymers, colloidal silica particles (>5 nm
mainly formed by homogeneous nucleation, which can f
large solid scales of amorphous silica (SiO2) after floccu-
lation or coagulation processes[1,4]. These deposits repr
sent a serious problem for the operation of geothermal p
plants[2,3]. The knowledge of silica chemistry is essen
for the geothermal industry not only for preventing si
scaling problems during production and reinjection of br
but also to compute deep reservoir temperatures[5]. This
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knowledge is generally obtained from chemical analyses of
silica carried out in geothermal brines[6,7]. The availability
of reliable analytical techniques and the strict quality con-
trol of these analyses are therefore crucial for a better under-
standing of the above geochemical processes[6]. From the
analytical point of view, silica species may be grouped into
two categories[8]. The first includes silica reactive species,
such as orthosilicic acid (H4SiO4

◦) or low polymerized sili-
cates (e.g., H6Si2O7). The second contains complex polymers
(i.e., colloidal particles), which require some chemical pre-
treatment for their conversion into chemical reactive species
[9,10].

The colorimetry technique (CO) has been traditionally
used for the analysis of reactive silica in a wide vari-
ety of matrices[1]. These procedures involve the for-
mation of colored silicomolybdate complexes (yellow or
blue), which are typically used to determine molybdate-
reactive silica at low concentrations[10,11]. These meth-
ods are recognized as time-consuming techniques because
they are very slow, tedious, and subject to many interfer-
ences. The determination of total and dissolved silica in
aqueous samples has also been performed using atomic ab-
sorption spectrometry (AAS), graphite furnace atomic ab-
sorption spectrometry (GFAAS), and electrothermal atomic
absorption spectrometry (ETAAS)[1,6,8,12]. Other ana-
l ro-
m m-
e P-
M fter
a an-
a or-
t il-
i ates
[

ith
I ation
o as
a reac-
t cles
t the
r ve
b sil-
i her-
m an-
a and
a the
s the
h
e udy
t min-
i ec-
o hat
i sed
b ac-
c ther-
m fore

required and still represent an analytical challenge to be
achieved.

Capillary electrophoresis (CE) has emerged as a viable
method for the determination of inorganic anions in an ex-
tensive diversity of matrices[20]. Several reviews dealing
with the application of CE for measuring anions have been
reported in the literature (e.g.[21,22]). However, the use of
CE for analyzing geological matrices (such as hydrothermal
waters) has been seldom reported (e.g.[23]). Moreover, the
analysis of silica or silicates by CE in this type of matrices has
not been explored yet. On the basis of a comprehensive liter-
ature survey, the unique application for determining silica by
CE was conducted by Barciela-Alonso and Prego, who pro-
posed to use an indirect detection by UV–vis (at 254 nm) for
the analysis of low concentrations of silicates in river waters
[24]. These authors pointed out that the analysis of silicates
in saline samples could present some problems due to ma-
trix interferences caused by the high content of chlorides.
However, such problems were not actually evaluated in their
study and no electropherograms were presented supporting
this statement.

In the present CE study, we have focused on the analysis of
geothermal brines with a moderate salinity. Even though the
chloride compositions in these matrices can range from 100
up to 3000 mg L−1, depending on the geological site where
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ytical techniques for measuring silica include ion ch
atography (IC)[13–16], ICP-atomic emission spectro
try (ICP-AES)[6,17], and ICP-mass spectrometry (IC
S) [6,18]. IC methods based on UV–vis detection a
post-column reaction have been commonly used to

lyze soluble silica in the form of molybdate-reactive
hosilicic acid[14]. Other IC procedures for analyzing s
cates include conductivity measurements as fluorosilic
13,15,16].

Ion exclusion chromatography (IEC) in combination w
CP-MS has been also proposed for a direct determin
f dissolved silica[18]. In this method, ICP is considered
suitable source for the measurement of total silica (

ive and polymeric), since it enables the colloidal parti
o be destroyed in the plasma and quantified along with
eactive species[19]. Although numerous techniques ha
een successfully employed for the determination of

ca in a wide variety of matrices, the analysis of geot
al brines still faces problems with the sampling and
lytical procedures, which have limited its precision
ccuracy[6,7]. Such problems are generally related to
ilica polymerization and precipitation, as well as to
igh concentrations present in these samples[1,2]. Verma
t al.[6] carried out a comprehensive inter-laboratory st

o evaluate most of the available techniques for deter
ng silica in geothermal waters. In this study, it was r
gnized that the analysis of silica is a difficult task t

nvolves large analytical errors in most of the methods u
y international geochemistry laboratories. Taking into
ount such problems, new techniques for analyzing geo
al brines with a high concentration of silica are there
he wells are drilled, as well as the prevailing water–r
nteraction processes[2].

In this work, the CE methodology proposed by Barci
lonso and Prego[24] has been the subject of additional
earch for measuring silica (as silicates) in geothermal br
he suitability of this new application of the CE (in terms

he electrolyte composition, separation, detection, preci
nd accuracy), the evaluation of interferences, and the
ization of the migration time were defined as objective
etermining the optimum analytical conditions. The ana
al results of CE were finally compared with the most p
ble values of synthetic reference standards of silica u
tudent’st-test. Similarly, the atomic absorption spectrom

ry (AAS) results were also compared with the most prob
oncentrations of the same reference standards. Details
omparative analysis are also outlined.

. Experimental

.1. Capillary electrophoresis instrumentation

A Quanta 4000 CE instrument (Waters, Millford, M
SA) coupled with a negative power supply and an ind
V detection system was used for the analyses. The
ration voltage applied was−15 kV (under such operatin
onditions a current of 40± 1�A was typically measured
he UV detection system was set at a wavelength of 25
sing a mercury lamp. Data acquisition and the instrum
peration were controlled with a Waters 820 Workstation
nalytical data were recorded at a transfer rate of 20 poin
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Table 1
Comparison of results obtained for the determination of silica in synthetic reference standards and actual geothermal brines using CE and AAS techniques

Synthetic reference std. Concentrationa (mg L−1) OLR silica concentration (mg L−1) WLR silica concentration (mg L−1)

CE AAS CE AAS

M-1 109± 14 110± 2 98± 3 113± 1 96± 1
M-2 222± 18 227± 5 190± 5 229± 3 180± 3
M-3 1164± 180 1106± 18 960± 20 1139± 12 914± 22
M-4 2060± 340 2400± 60 1920± 60 2438± 27 1827± 41

Sample
M-5 – 825± 14 790± 23 843± 7 756± 16
M-6 – 826± 15 805± 26 844± 8 817± 19

a The most probable concentration values compiled from an inter-laboratory calibration study[6]. Standard deviation errors of concentration data were
computed using error propagation equations[30].

second using the Millenium 2000 software. The separation of
silicates was carried out using a conventional fused-silica cap-
illary (75�m i.d. × 375�m o.d.× 60 cm total length) with
the detection window placed 7.5 cm from the receiving elec-
trolyte end to the detector cell. The capillary was maintained
at a temperature of 25◦C. All samples were introduced into
the capillary by a hydrostatic injection (elevating the sample
10 cm for 20 s). Before initiating the tests, the CE equipment
was set in operation for 10 min with sodium hydroxide 0.1 N
(0.4 g NaOH per 100 mL Milli-Q water) followed by 15 min
with a flush with Milli-Q water (for thermal equilibration)
and stabilizing by another flush period of 15 min with the
working electrolyte. The capillary was rinsed for 3 min with
Milli-Q water between measurements for preventing plug-
ging problems.

2.2. Chemical reagents and procedures

Standard and electrolyte solutions were prepared with
Milli-Q water (with a specific resistivity of 18 M� cm),
which was produced by a deionized water purification
unit (Millipore, Barcelona, Spain). All chemicals were
of analytical-reagent grade. The working electrolyte con-
sisted of a mixture of 10 mM sodium chromate, 3 mM
tetradecyltrimethyl-ammonium hydroxide (TTAOH; Waters,
M M
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2.3. Sample collection and handling

Four synthetic reference standards (SRS; M-1, M-2, M-
3, and M-4) were used as suitable samples for evaluating
the accuracy of the CE method. The SRS solutions were
prepared for an inter-laboratory calibration survey by dis-
solving silicate minerals in alkaline solutions[6]. The sole
purpose of this study[6] was to evaluate the quality of sil-
ica analyses in geothermal matrices. The SRS contained
silica concentrations typically present in actual geothermal
brines but without the presence of other anions that could
interfere with the silica analysis. The most probable con-
centration values of silica in these standards (inferred from
the inter-laboratory calibrations) are summarized inTable 1.
For avoiding silica precipitation, the SRS were substantially
undersaturated at room temperature (pH >9), which means
that their concentrations were stable for transportation and
storage.

Two actual geothermal brine samples (M-5 and M-6) were
simultaneously collected from the same well (H-1) drilled in
the Los Humeros geothermal field, Mexico[26] to evalu-
ate the effect of acidification on the sampling technique[2].
Thus, these samples were used for evaluating the silica anal-
ysis capability of CE as well as to assess the effects of the
sampling techniques. The collection of geothermal brines for
s n of
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illford, MA, USA), 2 mM sodium carbonate, and 1 m
odium hydroxide, adjusted to a pH 11.0± 0.1. Fresh work
ng electrolyte was daily prepared, filtered through a 0.2�m
ore size membrane filter (Millipore, USA), and degas
ith a vacuum system prior to use.
Silica stock solutions containing 1000 mg L−1 (±1%)

ere prepared using a certified standard of sodium sil
Fischer Scientific Company, USA). Standard working s
ions for CE analyses (ranging from 5 to 80 mg L−1) were
lso prepared by successive dilution of the stock standa

ution with Milli-Q water. All standards and electrolytes we
repared and stored in polypropylene containers (volum
asks and bottles) for avoiding contamination because
ell known that analytical errors in silica analyses can
ttributed to storing water and standards in glass conta

25].
ilica analysis generally requires a previous acidificatio
he samples for maintaining all the silica in solution (i.e.,
voiding silica precipitation when the sample cools dow
oom temperatures)[2]. The first geothermal sample (M-
as directly collected (500 mL) from the well and filter
ithout any acidification. The second sample (M-6) was

ered and acidified using a few drops of diluted HCl (1:1
H <3 to help preserve silica in solution. These geothe
amples were stored in polypropylene bottles (vol. 125
reviously cleaned with diluted HNO3 and five times washe
ith Milli-Q water to prevent any background contami

ion) following standard sampling procedures suggeste
eothermal fluids[2,7]. In the laboratory, all samples we
ept at∼5◦C and again filtered through a filter-membra
0.2�m) before injection into the CE instrument to prev
ny fouling problem.
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3. Results and discussion

3.1. Electrolyte selection, separation and detection

The physicochemical properties that exhibit the silicates
as anions, such as the apparent mobility, the dissocia-
tion constant (pKa 9.8 for a pH >9, or full ionization at
a pH >10.5), and the UV absorptivity have enabled that
sodium chromate solutions be suggested as suitable elec-
trolytes for measuring silicates as anions[24]. The UV ab-
sorbance of the electrolyte is supplied by the chromophoric
ion of chromate, while the non-absorbing species are de-
tected by light absorption changes due to a displacement
of the absorbing co-ion. Electrolytes based on different
compositions of sodium chromate (with an ionic strength
that ranges from 5 to 10 mM) mixed with some cationic
surfactants (or electroosmotic flow modifiers: OFM) have
been suggested to improve the detection and analysis time
of some inorganic anions[20]. Cetyltrimethyl-ammonium
bromide (CTAB), tetradecyltrimethyl-ammonium bromide
(TTAB), hexadecyltrimethyl-ammonium bromide (HTAB),
and tetradecyltrimethyl-ammonium hydroxide (TTAOH)
have been commonly recommended for applications that re-
quire the electroosmotic flow to be modified[24,27].

For the analysis of silicate species, TTAB has been suc-
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Fig. 1. Schematic diagram showing the effect of the silica solubility as func-
tion of pH (modified after[28]).

of a more concentrated solution of sodium hydroxide were
needed.

Preliminary CE tests for selecting the most suitable elec-
trolyte composition for detecting silicates were then carried
out. Silica calibration standards containing 10 and 80 mg L−1

were employed for an appropriate evaluation of the analy-
sis performance (sensitivity and migration times) using both
the electrolytes A and B. Typical experimental electrophero-
grams obtained with the 10 mg L−1 silica standard are shown
in Fig. 2. As can be seen, the separation of the silicate anions
was well resolved with both A and B electrolytes (Fig. 2A
and B, respectively). Fairly symmetrical peak shapes were
systematically observed, which demonstrate that the silicate
and electrolyte mobilities were nearly the same (i.e., a mo-
bility ratio, R = 1). The migration times of silicate anion
achieved with the use of the electrolyte B (∼5.5 min) were
less than those obtained for the electrolyte A (∼6.8 min). All
these migration times have been improved in comparison to
the previous results (∼7.25 min) found by Barciela-Alonso
and Prego[24]. The results provided by the electrolyte B ac-
tually represent a reduction in the analysis time of about 32%
without affecting the separation quality, which is confirmed
by the symmetry of the analyte peaks. Such an optimization
is also related to the apparent mobilities exhibited by the sil-
icates in this experimental work (electrolytes A and B: 0.39
a 2 −1 −1 at
t rego
(

d a
m ison
w
a sent
i
t d be
s r of
2
c ther
w the
essfully used for reversing the direction of the electr
otic flow, as well as to increase the migration velocity[24].
nearly constant behavior of TTAB concentration on the

arent mobility of silicates was observed for concentrat
anging from 0.2 to 0.6 mM[24]. In the present experimen
ork, two electrolytes based on different sodium chrom
ompositions were evaluated: (A) 5 mM sodium chrom
nd an electroosmotic flow modifier (0.2 mM TTAB) adjus

o a pH 11.0± 0.1; and (B) 10 mM sodium chromate, 3 m
TAOH, 2 mM sodium carbonate, and 1 mM sodium hydr

de, also adjusted to a pH 11.0± 0.1.
Before initiating the electrolyte evaluation and consi

ng the chemistry of silica (through a pH-silica solubi
iagram; modified after[28]), it was necessary to conv
ll dissolved silica (H4SiO4

◦) in the calibration standard
nd samples into chemical reactive species of H3SiO4

− (see
ig. 1). It was, therefore, important to increase the pH o
alibration silica standards and samples (synthetic and
eothermal brines) up to a stabilized value of 11.0± 0.1 using
n appropriate concentration of sodium hydroxide at 25◦C.
ccording to some works reported in the literature[1,28], the
lkaline conversion reaction between H4SiO4

◦ and H3SiO4
−

s quite fast, and equilibrium can be reached in a few m
tes (∼5 min). In this work, a much longer reaction time
0 min was used to ensure a full ionization of the silicate
nions, as well as to verify a pH stabilization of the samp
lthough later experiments showed that a much shorter
f about 5 min would be sufficient for this purpose.

Silica standards with a neutral pH or slightly alkal
equired a few drops of a 1 mM sodium hydroxide, w
or acidified geothermal brines (pH <3), one or two dr
nd 0.47 cmkV s , respectively) which are greater th
he value previously reported by Barciela-Alonso and P
∼0.36 cm2 kV−1 s−1) [24].

In relation to the detection, the electrolyte B provide
uch better sensitivity for detecting silicates in compar
ith the capability offered by the electrolyte A (seeFig. 2A
nd B). For the concentration levels of silica typically pre

n geothermal brines (from 100 mg L−1 up to 2100 mg L−1),
he analysis capability provided by the electrolyte A coul
ufficient. However, the sensitivity is improved by a facto
or more with the use of the electrolyte B (Fig. 2B). The high
oncentration of chromate used in the electrolyte B toge
ith the OFM composition produces an improvement in
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UV absorptivity, which enables the silicate species to be bet-
ter detected. With this sensitivity improvement, the analysis
of silica at trace levels of concentration could also be per-
formed (e.g., for geothermal steam condensates, where the
silica concentration ranges from a few�g L−1 to 2 mg L−1

[3]).
These CE results enabled that the electrolyte B (with an

ionic strength given by the mixture of 10 mM sodium chro-
mate, 3 mM TTAOH, 2 mM sodium carbonate, and 1 mM
sodium hydroxide, pH 11.0± 0.1) to be selected for carrying
out a reliable CE evaluation for the determination of silicates
in geothermal brines.

3.2. Reproducibility of the CE method, linearity,
accuracy and limits of detection

3.2.1. Reproducibility
Precision tests based on six non-consecutive injections

of samples containing different concentrations of silicates
were performed. The synthetic reference standard (M-2) and
the geothermal brine (M-5) were injected using appropri-
ate dilution factors. The average results of the reproducibil-
ity (expressed as percentage of relative standard deviation,
%R.S.D.) for the migration times, the peak areas and the peak
heights were 1.6, 1.2, and 3.3%, respectively, which were
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uite satisfactory. Such reproducibility results were con
ently observed for all standards and samples.

.2.2. Linearity
Seven concentration levels of silicate anion and three r

ates of each standard were used for evaluating the line
f the method. A linear response between the peak corr
rea and the silicate concentration was obtained. The line
as extended from a blank concentration up to a conce

ion level of 80 mg L−1. Linear calibration curves were fi
ed using both ordinary (OLR) and weighted (WLR) lin
egression models for propagating the errors of bothx (con-
entration) andy (response) variables[29–31]. For the OLR
nd WLR, the regression equations were given by the fol

ng coefficients (including their standard errors):y = −1042
±471) + 1280 (±11)x; y = −0.00226 (±0.12143) + 121
±5)x, respectively. Good squared linear correlation co
ients (r2) were obtained with both OLR and WLR regress

ig. 2. (A) Electropherogram of a standard of silicates (10 mg L−1). The car
ier electrolyte consisted of 5 mM sodium chromate and an electroos
ow modifier (0.2 mM TTAB) adjusted to a pH 11± 0.1. Silica measureme
as performed using an indirect UV detection at a wavelength of 25
ith a mercury lamp and with a negative power supply (−20 kV). Other
perating conditions are summarized in Section2. (B) Electropherogram
f a standard of silicates (10 mg L−1). The carrier electrolyte consisted
0 mM sodium chromate, 3 mM tetradecyltrimethyl-ammonium hydro
TTAOH), 2 mM sodium carbonate, and 1 mM sodium hydroxide, adju
o a pH 11± 0.1. Silica measurement was performed using an indirec
etection at a wavelength of 254 nm with a mercury lamp and with a

ive power supply (−15 kV). Other operating conditions are summarize
ection2.
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models (r2 > 0.9998;n= 7), implying statistically significant
correlations at the 99% confidence level.

Even though both OLR and WLR models provided appro-
priate results for quantifying the silica content in all samples,
the calibration curve fitted with the WLR model is suggested
as the most suitable regression method for fitting the exper-
imental data because it enables the heteroscedastic errors of
y (instrument response) to be propagated in whole analysis
[29]. Smaller propagated errors were also predicted when the
WLR model was employed to compute the concentrations of
the samples (Table 1).

3.2.3. Accuracy
Accuracy was evaluated by a statistical comparison be-

tween the most probable concentrations of the synthetic
reference standards (reported from the inter-laboratory cali-
brations) and the concentrations calculated with the CE cal-
ibration curves using both OLR and WLR models (Table 1).
For these purposes, Student’st-test using a comparison of
two experimental means ¯x1 and x̄2was applied [i.e., taking
the null hypothesisH0: µ1 = µ2 to test whetherx2 (concen-
tration of a synthetic reference standards obtained by CE)
is statistically equal tox1 (most probable concentration of
a synthetic reference standards) (H0 is valid) or they differ
significantly from each other (alternative hypothesisH1 is
v en
t x-
p
v s
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Fig. 3. Electropherogram of geothermal brine sample M-5. Operating capil-
lary electrophoresis conditions are summarized inFig. 2B. Chloride, sulfate,
carbonate, and borate peaks were not quantified by CE.

and then for 2 min with the electrolyte solution. An electro-
pherogram showing the efficient separation and detection of
silicates for the geothermal sample M-5 is shown inFig. 3.
Chlorides, sulfates, carbonates and borates were also detected
in these samples. However, these peaks were not quanti-
fied because it was not the objective of this experimental
work. The quantitative results of silicate concentrations ob-
tained by CE (including their errors) are also included in
Table 1.

3.3.2. Comparison with the analytical results provided
by AAS technique

The SRS and geothermal brine samples were also ana-
lyzed by AAS for comparison purposes. These results are
summarized inTable 1. The analytical results of AAS ob-
tained for the SRS were compared with the most probable
values of synthetic reference standards of silica using the
Student’st-test. Significant differences were found between
them atP = 0.01 (alternative hypothesisH1 is valid). Such
systematic differences are consistent with the systematic un-
derestimation provided by AAS technique because the AAS
does not measure colloidal silica probably present in the
samples.
alid)] [31]. No significant differences were found betwe
hem (H0 is valid) because thet-values computed from e
erimental data were less than the correspondingt-critical
alues at the 99% confidence level (P = 0.01) for all case
M-1 to M-4 in Table 1).

.2.4. Limit of detection (LOD)
The LOD was determined using the “3s method” (s is

sample” standard deviation), which has been widely u
32]. This 3s method estimates, in a simple form, a LO
ased on either a blank or a trace-level standard. The
omputed was 0.15 mg L−1, which was sufficiently low fo
reliable determination of silicates in geothermal bri
further optimization of this LOD was not necessary

o the high concentration of silica present in most of th
amples.

.3. Applications, comparison with other techniques an
nterferences

.3.1. Quantitative analyses
The CE method developed in this work was applied to

uantitative analysis of two geothermal brine samples (
nd M-6). Appropriate dilution factors were employed
alculating the silicate concentration of the samples u
oth OLR and WLR calibration curves (with a concentra
ange from 0 to 80 mg L−1).

For avoiding a possible overloading effect of the ion z
nd some co-migration problems, after each sample i

ion the capillary was rinsed for 3 min with Milli-Q wat
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3.3.3. Interferences
According to the typical anion concentrations reported

for these geothermal samples (M-5 and M-6)[33], given
by an average concentration of Cl− (∼120 mg L−1),
SO4

2− (∼114 mg L−1), CO3H− (∼361 mg L−1), and B−
(∼214 mg L−1), the samples analyzed did not present any
matrix interference problem because the migration times ex-
hibited by chlorides and silicates were significantly different.
This feature constitutes an advantage for the CE methodol-
ogy because it has been possible to measure silica in brines
containing up to 150 mg L−1 of chlorides without any inter-
ference problem. The analysis of more concentrated brines
(Cl− >150 mg L−1) by CE can be successfully performed by
a rapid removal process of the interferences using commer-
cial ion exchange cartridges (e.g., Ag packing), which have
been employed in other separation techniques, such as ion
chromatography[34].

Interferences due to a possible interaction between the so-
lute and the capillary wall did not occur because this problem
leads to band broadening, peak tailing, and irreproducibility
of separations, which were not observed during the CE analy-
ses. Furthermore, blank solutions were injected several times
during the analysis for evaluating any possible background
contamination produced. The electropherograms of these in-
jections never showed any detector signal that could show sil-
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