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Abstract

A selective test strip based on an ion-exchange mechanism to determine magnesium is described. This optical and reversible test strip, made
on atransparent polyester sheet, has a circular polymeric film of plasticised PVC that contains all of the reagents necessary to produce a respons
to magnesium, namely, a cation-selective neutral ionophore, 2-afiNediheptyl-N,N-dimethyl-butanediamide, a chromoionophadye\-
diethyl-5-(octadecanoylimino)Fb-benzo[a]phenoxazine-9-amine, and potassium tetrakis (4-chlorophenyl)borate (TCPB) as a lipophilic salt,
which is evaluated by absorbance measurement at 655 nm in a standard photometer. The experimental variables that influence test strip
response, especially in terms of selectivity and response time, have been studied. The test strip responded linearly to magnesium betweer
0.009 and 160 mM in activities. The reproducibility intermembrane at a medium level of the range was 8.0%, as R.S.by,0f,lagd
5.9% as R.S.D. intramembrane. The procedure was applied to the determination of magnesium in different types of waters (tap, well and
mineral) validating the results against a reference procedure. This proposed method is quick, inexpensive, selective and sensitive and uses
only conventional instrumentation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction make identification or determination of the analyte possi-
ble. The estimation of the presence or amount of the analyte
The ability to monitor analyte concentrations in real time can be done visually, either using a colour scale to obtain
and real space using methods of chemical analysis calleda qualitative or semi-quantitative assay value or measuring
rapid methods has applications in many fields, including med- a property, usually optical or electrochemical, by means of
ical diagnostic, environmental control, industry, security and a bench-top instrument or a miniature device designed es-
others. pecially for this purpose. The particular advantages of test
These methods make it possible to detect and even deterstrips are: ease in handling, short analysis time, low cost
mine a particular analyte of interest in situ without trained and possibility of use with small instrumentation. Addi-
personnel or complicated sample treatment. Thus, it is pos-tionally, few or no liquid reagents are required and there
sible to cut down on costs and make quick decisions when are, therefore, no problems associated with the disposal of
unforeseen problems arise. chemicals. Their main disadvantage is that they sometimes
One type of rapid method is the dry-chemical method, produce semi-quantitative conclusions due to low accuracy.
also known as test strips, which, when placed in contact with However, the design of new strategies for recognition, mea-
the problem, trigger a set of reactions and processes thatsurement and manufacture may well improve this character-

istic.
* Corresponding author. Tel.: +34 958248436; fax: +34 958243328. Magnesium is an alkaline earth ion that is ubiquitous
E-mail addressicapitan@ugr.es (L.F. Cagit-Vallvey). both in nature and in manmade products. Its concentration
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in different aqueous systems, industrial products, wastes2. Experimental
and consumer products, as well as in pharmaceuticals
must be determined frequently. Additionally, the activity 2.1. Apparatus and Software
of magnesium in blood and serum is an important clinical
parameter that needs to be monitored in different situations. A diode array spectrophotometer from Hewlett Packard
There are quick test procedures for the determination of HP-8453 (Nortwalk, CT, USA) interfaced to a Pentium MMX
magnesium, for example, Reflectoqufanhagnesium test 200 computer via a HP IB interface board and HP IB ca-
(Merck) for determination in milk or cheese using phthalein ble for spectral acquisition and subsequent manipulation of
purple as the reagent after sample deproteinisation, pH ad-data were used to perform the absorbance measurements. A
justment and diffuse reflectance measurerfigntn the case 44 mm high, 12 mm wide homemade cell holder made in a
of water, the most often proposed test strips determine cal-matte black painted iron block was used for strip absorbance
cium plus magnesium (in fact, hardness, more than magne-measurements]. Other apparatus and laboratory materials
sium), which is the case with SerlM water hardness test  consist of a laboratory-made spin-on devjég and a Cri-
strips (Serim Research Co.), EM Qu@notal hardness test  son (Crison Instruments, Barcelona, Spain) digital pH-meter
(Merck) or Aquadu? total hardness (Macherey-Nagel), all with combined glass-saturated electrode.
of which are based on a reaction between a chemical indica- Software programs used for treatment of the data were:
tor in the pad of the test strip and calcium and/or magnesium Chemstation software package supplied by HP for the ac-
ions in water which results in a colour change that is com- quisition and manipulation of the spectral data; Statgraphics
pared with a colour scale to obtain a semi-quantitative assaysoftware package (Manugistics Inc. and Statistical Graph-
value. ics Corporation, USA, 1992), ver. 6.0 STSC Inc. Statistical
Other test strip procedures have been proposed for mag-Graphics Corporations, USA, 1993 and Graphmatica for Win
nesium determination in biological fluids, such as blood or 32 ver. 1:60d, 1998 edited by K. Hertzer and adapted by J.
urine. The most simple are composed of a chelatometric dyeGarrido.
such as Calmagite.RTNR] or a cyanoformazan derivative
[3], a masking agent, a buffer, and a stabilizer on a bibulous 2.2. Reagents and materials
material, usually filter paper, covered with a semi-permeable
membrane. Another proposed magnesium test strip is an  All chemicals used were of analytical-reagent grade and
integral multilayer analytical element comprising a water- reverse-osmosis type quality water (Milli-RO 12 plus Milli-Q
impermeable light-transmissive support, a reagent layer con-station from Millipore) was used throughout.
taining a water-soluble indicator, Xylidyl blue IR, capable of Magnesium and calcium stock solutions (2 M) were pre-
reacting with an analyte to produce an optically detectable pared in water from dry magnesium carbonate and calcium
change, a pH buffer, a nonionic surfactant, and a porouscarbonate, respectively (Merck, Darmstadt, Germany) by
spreading layer containing a spreading action contrfdler adding 1:1 HCl until dissolution (pH 2.2); sodium and potas-
Another type of test strip uses ionophore—chromo- sium stock solutions (2 M) were prepared in water from
ionophore chemistry and is comprised of a porous carrier chlorides (Merck). Solutions of lower concentration were
matrix, for example filter paper, incorporated with a ho- prepared by dilution with water. A pH 9.0 buffer solution
mogeneous hydrophobic mixture containing three principal 0.2 M was prepared from tris[hydroxymethyllJaminomethane
ingredients: a magnesium ionophore suctNaY-diheptyl- (Tris) (Sigma—Aldrich Qimica S.A., Madrid, Spain) and
N,N-dimethyl-1,4-butanediamide, a plasticiser and a HCI (Merck).
chromoionophore that produces a detectable optical re- The test strips were prepared on sheets of Mylar
sponse, in this case an indonaphthol derivative, and a buffer,type polyester (Goodfellow, Cambridge, UK) using the
all in dry state. Other compounds that may be present arefollowing chemicals: tributylphosphate (TBP), dioctylph-
interferent removal chemicals or wetting compoufis thalate (DOP), tris(2-ethylhexyl)phosphate (TEHP), 2-
In all cases, the amount of colour change is proportional nitrophenyloctylether (NPOE), bis(2-ethylhexyl) sebacate
to the quantity of magnesium in the sample and this can be (DOS), poly(vinylchloride) (PVC; high molecular weight),
measured by visual comparison to a standard colour chart orand tetrahydrofuran (THF) all from Sigma; potassium
with a dedicated reflectance photometer. tetrakis (4-chlorophenyl)borate (TCPB) from Fluka (Fluka,
In this paper, we study a new test strip procedure to de- Madrid, Spain). N,N-Diethyl-5-(octadecanoylimino)-b
termine magnesium in different types of waters by a non- benzo[a]phenoxazine-9-amine (lypophilised Nile blue; ETH
continuous but reversible optical test strip, which is a support 5294) was synthesized, purified and identified by us accord-
with a transparent microzone that contains the chemistriesing to Morf et al.[9].
needed to selectively respond quantitatively to magnesium The magnesium-selective ionophore 2-aminoZN,N
by modifying its colour. The test strip proposed here is based diheptyl-N,N-dimethyl-butanediamide, also know as
on the use of a chromogenic compound that responds to theN,N-diheptyl-N,N-dimethylaspartamide or ETH 2220,
primary recognition process and works by an ion-exchange was synthesised, purified and identified by us according to
mechanisnj6]. Rouilly et al.[10].
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2.2.1. Membrane preparation _ ~tively. The activities of Mg" and H" in the sample deter-
Mixtures for the preparation of magnesium-sensitive mine their concentrations in the test strip. Activities were

membranes were made from a batch of 25.0 mg (27.5 wt.%) calculated according to the Debyditkel formalism[11].
of PVC, 63.0mg (69.2wt.%) of TBP, 0.95mg (1.0 wt.%)

of  2-amino-N,Ndiheptyl-N,N-dimethyl-butanediamide,
0.78 mg (0.9wt.%) ofN,N-diethyl-5-(octadecanoylimino)-
5H-benzo[a]phenoxazine-9-amine and 1.33mg (1.5wt.%)
of TCPB, all dissolved in 1 ml of freshly distilled THF. The
single-use membranes were cast using a homemade spin-o

device by placing 2Q.L of the mixture on a 14 mmx . . -
40 mmx 0.5 mm thick polyester sheet. Thirty seconds after the test strip and the maximum and minimum absorbance
! POy i Y values (4,c+and Ac) from the equilibrated test strip with

deposit, the rotation was stopped and the membrane was, > 5 :
left in a dryer with saturated THF atmosphere for 3 min at 107"M HCland 10 M NaOH, respectively.
room temperature to enable a slow evaporation of the THF. [HC] A— Ac

TheK(g/lgL"2+ value to obtain an optimal fit of the experimen-
tal data was calculated according[1@], using values in the
maximum slope zone of the experimental response function,
which provided more information with less error.

The degree of protonation £ « of chromoionophore
r(1Eq. (2)) was obtained using the problem absorbance from

The dry 6 mm diameter red magnesium-sensitive membranel —« = [Clo Ancr — Ac @)

formed was calculated to have a thickness of aboum?7

and a concentration of 29.34mmoliy in ionophore, But since the chromoionophore could not be fully protonated

14.67 mmol kg in chromoionophore and 29.43 mmolky (1 — « = 0.9) at the working pH (8.5), and consequently the

in lipophilic salt. experimental response function began in any case at values 1
— a = 0.9, diminishing the interval of possible values of the

2.2.2. Absorbance measurements analytical parameter % «, we defined an effective value,

The analytical parameter was the absorbance of the sens¢eft, in order to use a measurement which gave us the degree

ing area of the disposable strip measured at 655 nm against & protonation 1— aef with respect to the pH 8.5 buffer
Mylar polyester strip. solutions. Thus, we calculated the maximum and minimum

absorbance valueg\pyserand Ac, equilibrating strips with
2.2.3. Procedure for samples and standards buffer and 102 M NaOH, substituting the absorbance value
An aliquot of an aqueous standard solution containing be- of the fully protonated membrane (HCI) with the absorbance

tween 0.009 and 160 mM in magnesium activities was placed " buffer to calculate the normalized absorbanamakes it

into a 50 mL volumetric flask along with 5 mL of pH 8.5 Tris pOSSIble' to expgnq the response function to 1 values at low

buffer solution 0.2 M. Then, 10 mL of the above solutionwas Magnesium activities. . o

placed in a 10cnx 1.5cm polyethylene plastic tube and a ~ Selectivity coefﬁment_sKMp’ » defined as the activities

disposable test strip was introduced for 2 min into the tube duotient between the prmmpgll and interferent ion, were cal-

without shaking. Next, the membrane was pulled out of the culated by the separate solution mettib8,14].

solution, wiped to remove any solution droplets and its ab-

sorbance was measured at 655 nm against a Mylar polyester

strip in the cell holder described above. All measurements 3. Results and discussion

were carried out at room temperature. The membranes were

not conditioned before use. The development of an optical test strip for magnesium
Inthe case of water samples, 9 mL of water was introduced determination requires the correct selection of reagents and

in a polyethylene tube together with 1 mL of pH 8.5 Tris a good fit to the intended application — in this case, natural

buffer solution 0.2 M, operating then as described above. ~ waters — in terms of sensitivity and selectivity. The selected
mechanism relies on a cation exchange system between a

complete organic membrane of plasticised PVC containing
an ionophore L and a chromoionophore C and the aqueous
problem containing the analyfE5]. This system provides ad-
vantages in terms of reversibility (although this is not strictly
necessary for a test strip), ample measuring range and a short
1 apra )2 response time.

( ) In the presence of an alkaline salt of a highly lipophilic

2.2.4. Calculations

The ion activities ratio in aqueous phase is related to the
equilibrium constanK, and the effective degree of protona-
tion aeff through the response function:

aM92+ =

Mng2+ 1-«
Ke anion R in the membrane, the following ion-exchange equi-
CrR—(1—a)Cc 0 librium holds, if it is assumed that MgJ_ZJr and HC' are the
X .
2(CL — (p/2)(Cr — (1 — a)Cc))? species produced:

wherep is the stoichiometric ratio of_ionophore/magnesium pL + 2HCT + 2R~ + Mg?t < 2C+ Mgl ,2*
and C_, Cc and Cr are the analytical concentrations of o
ionophore, chromoionophore and lipophilic anion, respec- +2R™ + 2H"
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By using the absorbance of the protonated form of chro- condition within the polymeric membrane, just as the pro-
moionophore, which is the measurable species in membraneportion of anionic sites influences the selectivity.
phase, the degree of protonation-laest Obtained is con- The variation of the selectivity coefficient‘afﬁ,l'ogt - (SSM
nected with the magnesium to proton activities ratio through method) for alkaline and alkaline earth ions at pH 8.8 using a
the response function (Eqg. (1)). Adjusting the pH with an test strip prepared with different lipophilic anion toionophore
appropriate buffer makes it possible to optically determine ratios ranging from 50% to 130% was studied for two plas-
magnesium activity in solution. ticisers: TBP, which offers the best sensitivity, and NPOE,
The ionophore present in the membrane first determinesused in ISE with the same ionophore with good regies.
the response to the magnesium. Of the different types of The quantity of the chromoionophore used was kept constant
synthetic ionophores studied, some noncyclic diamides, es-in an amount adequate to minimise photometric error in the
pecially bipodale and tripodale ionophores based on succinicmeasurement of the absorbance. Experimental results indi-
and malonic acid diamides, offer very good characteristics cate that plasticiser NPOE does not offer any selectivity to the
for magnesium. The magnesium selectivity of some of those membrane; on the contrary, membranes containing TPB ex-
ligands is associated with the presence of one secondaryhibit maximum rejection of calcium, sodium and potassium
amine in the diamide moiety, due to preformation of the if 100 mol% anionic sites relative to neutral carrier are added
ionophore through a resonance structure stabilized by the in-to the membrane (Fig. 1). This behaviour is different from
tramolecular hydrogen bond. The introduction of an amine as potentiometric membranes containing the same ionophore
abasic hydrogen acceptor group adjacent to the diamide moi-and lipophilic salt and NPOE as plasticiser, where the max-
ety, facilitates the displacement of the hydrogen and makesimum rejection is observed at 73¢40,17], which agrees
the carbonyl group easily accessible for coordination of the with the formation of a 1:2 (Mg:L) complex according to
magnesiunfil6]. This is the case with the ionophore 2-amino- the theoretical model of the selectivity-modifying influence
N,N-diheptyl-N,N-dimethyl-butanediamide that was de- of charged components in neutral-carrier-based membrane
signed by Simon and co-workeE0] as a neutral ionophore  electrode$18].
for ion-selective electrodes through molecular modelling. AS  The values of[{,c\’/lpt . obtained using membranes with the
an ISE carrier, it shows good potentiometric selectivity for al- optimum ratio of lipophilic anion to ionophore for alkaline
kaline earth over alkaline ions and especially for magnesium, and alkaline earth ions, are2.901 Ca(ll); —3.310 Na(l)
but this ionophore has been not used for optical sensors.  and —3.098 K(I), which means that the proposed method
is in the order of 796 times more selective for magnesium
3.1. Optimisation of test strip than for calcium, 2042 times more than for sodium and 1253
times more than for potassium. This membrane exhibits suf-
The composition and response of the optical test strip were ficient magnesium selectivity against the interfering ions that
optimised taking into consideration: (1) factors related to the were studied considering the required selectivity coefficients
design of the selective membrane, such as proportions and13] for the determination of magnesium in natural waters
components of the cocktail, and conditions used for making (log K&pt req.; —2.8 (Mg); —3.1 (Na); —1.9 (K)). These
the membrane; and (2) factors related to the reaction t39tweerPequiretg.}fjselectivity coefficients were calculated based on a
the analyte and the test strip, such as pH, contact time, andmaximum tolerable error of 3% in the determination of mag-
magnesium activity. nesium by means of a test strip and using the high and low
N,N-Diethyl-5-(octadecanoylimino)Fbbenzo[a]pheno- mean values of those ions in the Spanish badiak
xazine-9-amine was used as cromoionophore, taking into Ty gptimise the amounts of plasticiser TBP, and hence
consideration its acidity characteristics and the pH require- polymer PVC, we studied the response time of test strips con-
ments of the reaction and as lipophilic salt, potassium taining different amounts ranging from 30 wt.% to 80 wt.%

tetrakis (4-chlorophenyl)borate. . in TBP. For these experiments, the strip was placed on one
The hydrophobic environment of the sensing membrane, sjge of a 10 mm path-length optical cell, and 5ml o1
determined by the lipophilicity and polarity of the plasticiser,

has a preponderant role in the increase of the Lewis acidity of
magnesium, which enables it to coordinate with diamide car- o

bonyls. As a plasticiser, we tested TBP, DOP, TEHP, NPOE

and DOS. The sensitivity, understood to be the value of the HoN ’/\/\/\/
signal for a given concentration and time, as well as the re- N

sponse time of the different test strips towards magnesium

ion, increased with the plasticiser in the order phosphates Nv\/\/\
esters > carboxylic esters > ethers, namely TBP > TEHP > ’

DOS > DOP > NPOE. TBP was selected as plasticiser for all
subsequent experiments.

Thg concentraﬂon_of lipophilic sal_t controls the overal_l Fig. 1. Structure of ionophore 2-aminaN-diheptyl-N,N-dimethyl-
magnitude of the optical response via the electroneutrality pianediamide.

o}
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Fig. 2. Selectivity (SSM method) variation of the test strip as function of
lipophilic anion/ionophore at pH 8.5 and using TBP as plasticiser.
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Fig. 4. The effect of stoichiometry on the response curve. Theoretical curve

10-1 M of Mg (I1) solution was added. Amounts below 50%
do not give off a good response. The response times to reach
the equilibrium were: 1500s for 30%, 150s for 50%, and
100 s up to 60%. Despite the fact that the rate increased with
the amount of TPB, a percentage of 70% was selected as
optimal, since higher percentages worsens the physical prop-
erties; specifically, the membrane is less homogeneous and
the drying time increases.

The presence of a basic amine group {pK22) in
the ionophore molecule is a drawback for the magnesium-
selective electrode based on the same ionophore becaus
heavy interference of hydrogen ions is obserdd]. This is
usual with ISE in that only one kind of ion is allowed to par-

tition between sample and membrane phases, and therefore

carriers that contain an additional site binding, as the amine

for (A) 2:1 (L:M); (B) 1:1; and (C) 1:2.
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Fig. 5. Calibration plot for free magnesium activity.

group in this case, show considerable protonic interference.pH 8.5 is shown inFig. 3 along with the theoretical re-
In bulk optodes, those ionophores do not pose any problemsponse function usingq. (1) for the stoichiometric ratio

as long as the second ion is chosen as reference.

of ionophore/magnesiunp, =

1-3. With ions with a charge

Since the ion-exchange equilibrium depends on the pH higher than 1, the effect of stoichiometry on the response
curve is small and a clear distinction between different sto-
ichiometries is difficult to make from the prior cury20].

value as shown ifEq. (1), it is possible to adjust the selec-
tivity by modifying the pH value[13]. Only at pH values
above 7.5 does the exchange reaction of by Mg+ be-
tween membrane and bulk solution bedtig. 2 shows that

of pH and that the response level reaches a maximum at pH
8.5. As a buffer, we use pH 8.5 Trisx2 10~2 M solution.

The optical response of the test strip based on 2-amino-
N,N-diheptyl-N,N-dimethyl-butanediamide ionophore to
magnesium activities between 1.3610"1M and 7.91x
108 M in activities (1 M and 107 M in concentrations) at

The effect of stoichiometry

on the response curve shows a

clear distinction between the stoichiometry 2:1 Mg:L and the
selectivity towards magnesiumion is enhanced by an increaseothers, 1:1 and 1:2. The distinction between 1:1 and 1:2 sto-

Table 1
Analytical Figures of Merit

Parameter Value;S
Intercept —0.1153; 0.0098
Slope —0.1967; 0.0033

Probability level % (lack-of-fit test) 15.3
. Linear range (mM) 0.009-160
Detection limit (mM) 0.009
ol Cost € /strip) 0.0080
_ ——Ca R.S.D. (%} intramembrane (mM) 5.4
2 —&—Na 0.07% 35
£ —A—K 53 11.3
5 -2 b
- — Mg 90.1"
-3 R.S.D. (%} intermembrane (mM) 8.0
) 0.073 14.1
7 7.5 8 85 9 95 53
90.7° 39.8
pH
& R.S.D. for logaygz+
Fig. 3. Effect of pH on the selectivity. b Activities.
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Table 2

Determination of magnesium in different types of water using AAS as a reference method

Matrix Test strip (MM Mg) S Reference method (mM M) S Rl (%)
Tap water (City of Granada, Spain) 0.477 0.085 0.445 0.011 283
Tap water (Otura, Granada, Spain) 1.74 0.13 1.640 0.026 126
Well water (Colomera, Granada, Spain) 0.88 0.18 0.876 0.082 47.0
Mineral water (Fonte Forte) 0.43 0.11 0.386 0.003 27.3
Mineral water (San Vicente) 0.367 0.055 0.352 0.001 336
Mineral water (Lanjabn) 0.54 0.11 0.425 0.003 10.1
Mineral water (Fuente primavera) 1.31 0.11 1.131 0.005 57
Mineral water (Fuente Liviana) 0.86 0.17 0.851 0.005 449
Mineral water (Zambra) 1.28 0.23 1177 0.005 36.1
Mineral water (Solan de Cabras) 1.33 0.12 1.250 0.013 196

Three replicate samples in both cases.

ichiometries is not clear, but we assume according to molec-  The precision using the same test strip, expressed as rela-
ular modelling of Rouilly et alf10] that 1:2 octahedral com- tive standard deviation (R.S.D.), was obtained at three activity
plex occurs in membrane. levels of magnesium (Fig. 5), namely 7.3110~4, 5.33 x

The fit by least-squares of the experimental points, in the 10-3and 9.13x 10-2 M in activities (1x 1073M, 1 x 1072
linear maximum slope zone (eight different concentration and 5x 10-1 M in concentrations) and 10 replicates of each
levels and nine replicates of each one) of the response curvesne, and had values of 5.4, 3.5 and 11.3% fordgg . The
for both alkaline earths to the theoretical model indicated by repeatability using different strips was determined as above,
Eqg. (1), makes it possible for us to calculate for apparent using the same activity levels as before and 10 replicates of
log KQ"gL22+the value 14.11. eachone, and had values of 8.0, 14.1 and 39.8% far\gg. .

Table 1shows these and other analytical parameters.

3.2. Analytical parameters
3.3. Application of the test strip
As a measuring range, we used the linear relationship in
the middle of the sigmoidal response function defined by  The proposed test strip for magnesium was applied to ac-
means of a lack-of-fit test and as the detection limit the inter- tual samples of waters of diverse provenance (spring, mineral,
section of the linear calibration function defined above and and tap).Table 2shows the results obtained using the pro-

a linear function adjusted in the minimal slope zone (back- posed optical test strip with an atomic absorption procedure
ground)[12]. used as areference method andincludes the mean values from

In order to determine the range and the detection limit, three determinations of each sample, standard deviations of

we prepared two series of standards; one in the maximumthese measurements and the probability valugX®f the
slope zone (five standards, nine replicates each one, eachkest used for the comparison of the measurements obtained
replicate being measured with the same test strip), betweerfor both methods. As can be seen, the results obtained for
9.13 x 102 and 3.79x 10~* in activities (5 x 10~ both methods are statistically similar.

and 5x 10*M in concentration), and the other in the

minimum slope zone of lower activity (five standards, nine

replicates each one, again each replicate being measured. Conclusion

with the same test strip), between 7.9210°° and 7.93

x 1078 in activities (10° and 107 M in concentration) We have studied an optical test strip for magnesium
(Fig. 4). The linearity of both series was tested by applying determination with good performance based on a diamide

a lack-of-fit test and the following linear functions were ionophore developed for ISE, which measures by transmis-
obtained: 1— aeff = 0.784 — 0.018logzyq2+ and 1 — sion and which offers sufficiently good repeatability and

aeff = —0.115— 0.197logayg2+. The interception of both may be considered as an inexpensive alternative to obtaining
functions gave us a detection limit of 0.009 mM. The upper analytical information in situ. The prepared membrane has
limit of the measuring range was obtained from the intercept sufficient selectivity for the determination of magnesium in
of the linear calibration function with the axis of abscise; natural waters and can be successfully applied to the deter-
the value obtained was 260mM. Thus, the measuring Mmination of this ion in waters from different provenances.
range for magnesium determination was between 0.0090nly needing buffering, this procedure offers good results,
and 260mM, expressed in activities. But in practice we With an accuracy, precision and cost that make it useful for
prefer to use the highest value tested, 160 mM (1000 mM Possible routine analysis. The lifetime of the studied test strip
in concentrations) as the upper limit of the measuring :S : half months in usual conditions when protected from
range. ight.
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