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Abstract 

Reflectance spectroscopy (RS) can be used as a rapid and sensitive method for the quantitative determination 
of low amounts of calcium. In this analytical technique, the analyte in complex samples is extracted onto a 
solid sorbent matrix loaded with glyoxal bis (2-hydroxyanil (GBHA) and then quantified directly on the sor-
bent surface. The measurements were carried out at a wavelength of 566.1 nm yielding the largest diver-
gence of reflectance spectra before and after reaction with the analyte element. The optimum response was 
obtained in 0.2 mol·L-' NaOH solution, and the response time of the sensor was about 5 min, depending on 
the concentration of Ca(II). The calibration curve of Ca(II) was found to be linear on semi-logarithmic scale 
within the concentration range ofü.3 - 40 mg-L-1, with a LOD ofü.15 mg-L-1 in the low concentration range. 
The sensor response from different sensors (n = 5) gave an R.S.D. of 1.4% at 1 O mg·L-1 Ca(II). The response 
characteristics of the sensor including dynamic range, reversibility, reproducibility, response time and life-
time are discussed in detail. The main advantages of this prototype device are sensitivity and higher selectiv-
ity over Mg(Il). The proposed method has been successfully applied to the determination of Ca(II) in milk 
and drinking water samples. 
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1. Introduction 

Calcium is an essential element for humans, and is alsa 
responsible for 'water hardness', a water quality param eter 
frequently tested in industrial plants and municipal water 
treatment facilities. Calcium is biologically required for 
numerous functions, such as building and maintaining 
the bones and teeth, blood clotting, transmitting of the 
nerve impulses and regulating heart's rhythm [l ]. Milk 
and dairy products are convenient sources of calcium for 
many people [2]. Drinking water is an important source 
of calcium in the elderly, particul~rly because of in-
creased needs and decreased consumption of dairy prod-
ucts [3). Therefore, low-cost, sensitive and selective me-
thods are riecessary to determine this ion. 

A traditional method for the quality control of cal-
cium-containing products and hard water is complexo-
metric titration with EDT A using suitable indicators and 
masking agents. Lower concentrations of Ca2+ in aque-
ous samples require more sensitive instrumental analyti-
cal techniques such as flame atomic absorption spec-
trometry (FAAS), inductively coupled plasma (ICP) 
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emission spectrometry, capillary electrophoresis, ion 
chromatography, and spectrophotometry, though the 
most widely used one is AAS [1,4]. The use of different 
concentrations of ionization buffers ( e.g., containing 
La(III)) has been recommended in the F AAS analysis of 
different classes of substrates [5-11]. Lanthanum salts 
enhance the atomic absorption signals of Ca, especially 
in phosphate- containing matrices. The addition of ioni-
zation suppressants to both samples and ca!ibration 
standards can reduce interference effects. Analyses of 
milk and milk products are routinely performed by a 
number of dairy laboratories to implement qua!ity con-
trol with regard to nutritional components. F AAS analy-
sis of milk products require sample preparation such as 
dry ashing or wet digestion (for decomposition ofa sam-
p!e into a homogeneous liquid phase). The complexity of 
Ca matrices (complexed with protein) and its low con-
centration levels in aqueous solutions, together with pos-
sible effects of various matrix constituents, make direct 
measurement ofthis metal ion difficult [1 l]. Therefore, it 
is of great importance to develop a simple and rapid de-
tection technique for the routine quality control, real time 
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monitoring and measurement of Ca(II) in milk and 
drinking water samples. 

ln recent years, increasing interest has been directed to 
the development of optical chemical sensors for metal 
ions. The incorporation of optics in the develop-
ment of chemical sensors is receiving interest because of 
the numerous advantages of this approach over tradi-
tional sensing methods. The ability to monitor analyte 
concentrations in real time and real space measurements 
require rapid methods applicable to many includ-
ing environmental control, industry, security, and health. 
Recently, a few reports have appeared on the develop-
ment of optical sensors for calcium ion sensing. fmmobi-
lized arsenazo III [12,13], chlorophosphonazo III [14], 
and amine-containing calcium green derivative [15] in 
various matrices were used for molecular spectroscopic 
calcium sensing based on reflectance [12], absorbance 
[13,14] and fluorescence [15] mesurements. A number of 
Ca(II) membrane sensors based on different ion carriers 
have also . been reported [ 16-23]. It should also be added 
that many <lata on analyte/polymer interactions are based 
on empirical information, and physico-chemical explana-
tions on interaction mechanisms stili remain relatively 
speculative [23]. 

In this communication, the performance of immobi-
lized glyoxal bis (2-hydroxyanil) (GBHA) on Amberlite 
XAD-16 as a reagent phase in the development of an 
optical reflectance sensor for Ca(II) determination has 
been demonstrated. The use ofthe chelating properties of 
glyoxal bis (2-hydroxyanil) (GBHA) in a spot 
test for calcium was reported by Goldstein and 
Stark-Mayer [24]. GBHA is a highly Ca(II) re-
agent, widely used to determine calcium concentrations 
in various samples. The structural form ula of GBHA is 
shown in Figure 1. Since routine quality control of cal-
cium is required for industrial products as well as for 
milk and drinking water samples, the developed sensor 
system was applied to the detection and quantitation of 
calcium in milk and water samples. 

In the course of calcium sensing, special care was ex-
ercised on the rapid responsiveness, sensitivity, and se-
lectivity of the developed sensor. Although high mo-
lecular weight PVC is generally employed as the base 
polymer for such sensors, the synthesized membranes 

Figure 1. The structural form ula ofGBHA. 
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may give a retarded response to the analyte, depending 
on the type and concentration of PVC in the polymer 
blend, probably due to irreversible ofthe sensing 
reagent (unreported preliminary experiments) . Potenti-
ometric sensors (ion-selective electrodes) may give re-
sponses to ionized and complexed calcium (such as in 
milk) at different rates [11), decreasing analytical preci-
sion. The limit of detection (LOD) values for Ca-sensors 
synthesized by various research groups such as Capitan-
Vallvey et al. (LOD = 0.2 mg·L-1) [14], Caglar et al. 
(LOD = 0.88 mg·L-1) [12], and Malcik et al. (LOD = 3.4 
mg·L- 1) [13] were rather high, and remain to be a chal-
lenge to be further lowered for applications requiring 
higher sensitivity. Moreover, in all the mentioned studies, 
the magnesium tolerance of the sensor was 4- or 5-fold 
of the amount of calcium being determined [12-14], and 
an increase in Ca/Mg selectivity is required in new sen-
sors. The proposed sensor has been designed to cope 
with ali these inadequacies. This sensor has a selectivity 
for calcium, as it does not respond to the sister element, 
magnesium. 

2. Experimental 

2.1. Apparatus 

Experiments were carried out using a commercially 
available miniature based spectrometer (Ocean 
Optics Inc., HR4000CG-UV-NIR) which utilises a small 
tungsten halogen (Ocean Optics fnc.) as the light 
source and a CCD based detector for reflectance meas-
urements. Light reflected from the flow celi was trans-
mitted by a bundle of optical fibres to a miniature 
bre-optic spectrophotometer (Ocean Optic HR4000CG-
UV-NIR) which cin the other hand was connected to a 
PC (Dell-compatible) and also a printer. For optical iso-
lation, the flow celi and the detector were kept in a black 
box to minimise any interference from ambient light. The 
spectral deconvolution was performed after smoothing 
the spectra by a 25-point Fourier transforrn using 
peak fitting module in OriginPro7.0 software (OriginLab 
Co., USA). Spectral deconvolution using a Gaussian 
model accurately represents reflectance bands as discrete 
mathematical distributions and resolves composite re-
flectance features into individual bands [25], whereas 
spectral smoothing is perforrned with the aid ofa Fourier 
transforrn algorithm. A mechanical shaker (Nüve, Tur-
key) having speed control facility was used far batch 
equilibration. A Shimadzu AA-6701-F atomic absorption 
spectrophotometer was used for calcium deterrninations. 
Air-acetylene flame was used for atomization, and cal-
cium was measured at the analytical wavelength of 422 .7 
nm. 
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2.2. Chemicals and Reagents 

Ali chemicals used were of analytical-reagent grade, ex-
cept where stated; calcium-free distilled water 
was used throughout for the preparation of ali solutions. 
Ali metal salts were used without further purification. 
Polystyrene- divinylbenzene (Amberlite XAD- 16) resin 
was purchased from Sigma (Madrid, Spain). Glyoxal bis 
(2-hydroxyanil) (GBHA) was obtained from Riedel 
de-Haen (Seelze, Gennany), and used without further 

Accurately weighed amounts of calcium 
carbonate, dried at l l0°C for 1 h, were dissolved in di-
lute hydrochloric acid, then diluted to the appropriate 
volume of stock solution. Working solutions were pre-
pared by dilution as required. The stock calcium solution 
was standardized against ethylenediamine tetraacetate 
(EDTA) using murexide as metallochromic indicator for 
compleximetric titration. The stock color reagent was 
GBHA solution, prepared by dissolving 0.5 g of the re-
agent in 100 mL ofethanol (2 x 10-2 mol·L-1). 

2.3. Sample Preparation 

Two UHT milk samples and mineral water samples of 
different commercial brands were supplied at random 
from the loca! market in Istanbul, Turkey. Ali the drink-
ing water bottles were stored un der refrigeration at 4 ·c, 
and opened on the day of analysis. The samples were 
analyzed directly without pretreatment. 

Trichloroacetic acid method: A portion (5 mL) ofmilk 
sample was mixed with 20% trichloroacetic acid (TCA) 
in the volume ratio 1: 1. After waiting for 30 rnin, the 
solution was centrifuged. The volurne of the centrifugate 
was made up to 100 mL with water and an aliquot was 
used for the detennination of calciurn. 

Ashing method: Milk samples (4 rnL) were weighed 
into a porcelain crucible and dried on a hot plate. After 
charring, samples were incinerated in a muffle fumace at 
500°C. If necessary, the ash was bleached by treatment 
with HN03 and heating in the rnuffle fumace for I h. 
Finally, the ashes were diluted with concentrated nitric 
acid (1 mL) and the mixture was heated to dryness. Then 
the residue was dissolved in water and transferred into a 
50 mL calibrated flask, and made up to the mark with 
distilled water. 

2.4. Impregnation Procedure 

Amberlite XAD-16 resin as obtained from the supplier 
contained organic and inorganic impurities. To remove 
these contaminants, it was washed successively with 
ethanol, water, 1.0 mol·L-1 NaOH, and 1.0 mol·L-1 HCI 
in this order. The XAD- 16 beads were then washed with 
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distilled water until neutral. The sensing material 
(GBHA) was physically immobilized by adsorption onto 
Amberlite XAD-16 polymer. The resin beads were dr ied 
in an oven at l 05 °C for 4 h. A mass of 0.5 g dry res in 
(Amberi ite XAD-16) beads was treated with 5 ml of 2.0 
x mol ·L- 1 GBHA and 5 mi ethanol, and the mixture 
was shaken at room temperature for 30 min. The result-
ing white resin beads (loaded with ligand) were filtered 
off from the supematant solution, and washed with dis-
tilled water to remove the excess of GBHA. Then the 
resin beads were transfered onto a dry filter paper and 
pressed for easy drying. Finally, the white resin beads 
were kept under nitrogen atmosphere when not in use. 

2.5. Sensor Fabrication 

The sensor design was similar to that described by Ahmad 
and Narayanaswamy and Filik et al. [26-29] . The probe 
was built using disposable syringe tubes (Tyco Health-
care Group LP, Büyükçekmece, Istanbul, Turkey). A sy-
ringe column (5 milliliter plastic syringe, with graduations 
in milliliters and fifths of milliliters), with a nylon mem-
brane and a stopcock, has been used for preconcentration 
of Ca(II). A syringe tube was filled to the 0.5 mi (i. e. 5 
mm) mark !ine with the sensing layer (XAD-16- GBHA). 
The mass ofthe Amberlite XAD-16- GBHA resin 
was 299.3 ± 0.5 mg (N = 5). During measurements, the 
arbitrary unit and the detector were kept in a black box to 
minimise any interference from ambient light. 

2.6. Recommended Procedure 

A 3 mL aliquot of the sample solution containing cal-
cium (within the working range of0.3 - 40 mg·L-1) was 
placed in a sensor system. Then, 1.0 mL of 1.0 mol·L- 1 

NaOH was added, and mixed well. The reflectance 
measurement was carried out by recording the optical 
signal 5 min after placement ofthe bifurcated optical 
in the analyte solution. Reflectance spectra were re-
corded after 5 min (for full colour development). The 
measurements were expressed in the units of relative 
reflectance, which is as the difference between 
the reflectance of the Ca-GBHA/XAD complex (RJ and 
that ofthe immobilized reagent (GBHAIXAD) alone (Rr), 
both recorded at the same wavelength (566.1 nm). The 
blank value was obtained by the same procedure with the 
exception of Ca addition. 

3. Results and Discussion 

3.1. Reflectance Spectra 

Figure 2 shows the reflectance spectra of immobilized 
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Figure 2. Smoothed reflectance (%) spectra of immobilized 
GBHA after reaction with 0.4 mg·L- 1 (a) and 1.0 mg·L- 1 Ca 
(b). Insct shows original reflectance spectra. 

GBHA after reaction with varying concentrations of 
Ca(II). This caused an increase in the reflectance inten-
sity due to the change in colour ofthe reagent phase from 
white to red after reaction with Ca(II) ions. GBHA is a 
quadridentate ligand and its chelate with calcium is a 1: 1 
chelate which is unstable. Maximum absorbance of Ca-
GBHA complex was at 530 nm in solution and maxi-
mum reflectance of Ca-GBHA/XAD at 566.1 nm on the 
resin phase. Thus, the reflectance measurements were 
carried aut at 566.1 nm. 

3.2. Effect of Na OH Concentration 

The complex forming reaction between Ca and GBHA 
was pH-dependent. The pH was the parameter ex-
amined for its effect on the response of calcium ion. As 
found earlier, a high pH favoured the formation of Ca-
GBHA complex. The effect of sodium hydroxide (NaOH) 
concentration on the formation of maximum colour in-
tensity and stability of the Ca-GBHA was studied. The 
colour ofthe immobilized GBHA changed from white to 
red. As can be seen in Figure 3, considerable reflectance 
signal intensity was obtained with a concentration of 
NaOH ranging from 0.02 to 0.5 At a NaOH 
concentration higher than 0.2 mol·L-1, the reflectance 
signal decreased. It was reported earlier in spectropho-
tometric measurements that the colour due to Ca-GBHA 
complex slowly faded in solutions of high pH. Thus, an 

concentration of 0.2 mol·L-1 NaOH (2.0 mL of 
1.0 mol L- 1-NaOH) was used in this work. In more acidic 
and more alkaline solutions, reflectance intensity de-
creased because of incomplete complex formation and 
hydrolysis of the complex, respectively. Since 
exhibiting chemical reactions existed along with 
calcium in many complex matrices (such as hard water), 
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Figure 3. [nfluence of NaOH concentration on the sensor 
response. (Ca(II)l: 10 mg·L-1• The inset shows the intensity 
profile ofthe original reflectance spectra. a. 0.001, b. O.Ol, c. 
0.10, d. O.IS, e. 0.20 and f. 0.30 mol·L-1 NaOH. 

the response to Mg was also investigated. There was no 
sensor response for 100 mg-1-1 Mg in the studied pH 
range. The reflectance intensity ofMg was nearly zero in 
0.2 mol·L-1 NaOH solution. 

3.3. Effect of Amount of GBHA 

The effect of the optimum reagent amount on the re-
sponse of the corresponding sensor was studied batch-
wise at room temperature by using different amounts of 
GBHA in the range 0.02 - 0.16 mmol GBHA during its 

on 0.5 g ofXAD-16 resin. The immobi-
lized reagent was later used for reaction with calcium at 
10 mg·L-1 concentration. Figure 4 shows that the higher 
the reagent amount used for immobilisation, the higher 
was the reflectance signal obtained for the same concen-
tration of calcium. The reflectance intensity increased 

,., 

0.18 

0.16 

0.14 

" r:.J 

~0.10 

0.08 

0.06 

0.02 0.04 0.06 0.08 o. 10 0.12 0.14 
GBHA (m 

Figure 4. Influence of amount of GBHA on the sensor re-
sponse; Ca(II): mg·L-1• 
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with increasing amount of GBHA up to 0.1 mmol, and 
remained constant between 0.1 and 0.16 mmol. Thus, O. 1 
mmol of GBHA was selected to ensure a ex-
cess of the reagent throughout the experiment work. 

3.4. Effect of Shaking Time on the Sorption of 
GBHA 

The influence of time of immobilization on the optical 
properties of the sensor is important because of subse-
quent effects on the response time and dynamic working 
range of the sensor. This study was carried out at fixed 
amount of 0.1 mmol of GBHA. The resin beads were 
inserted into solutions for different time periods ranging 
between 5 and 60 min. Unbound GBHA was decanted, 
and loaded support washed with distilled water. After 
washing, the sensing layers were dried between two filter 
papers at 25°C for 5 min. Then the resin beads were in-
serted into 10 mg·L-1 Ca solutions at pH 13 ± 0.2, and 
the reflectance of the sensing layers was measured at 
566.1 nm. The best reflectance signal was achieved for 
an immobilization period of30 min. 

3.5. Interferences 

The effects of representatives of potential interfering 
species were tested separately. Thus, nitrate and sulfate 
could be tolerated up to at least 1000 µg L-1• On the 
other hand, the GBHA reagent reacted with only a few 
metal ions such as Co, Ni, Fe, Zn, Cu, Cd, Fe and Mn, 
and also with Sr and Ba in alkaline solution. These ions 
showed no interference on the determination of Ca, even 
in 1 .O fold excess. High concentrations of these cations 
can interfere with the calcium response. The responses 
were influenced by the presence of these ions, because 
they are complexed with GBHA reagent at the working 
pH value. Larger quantities of divalent metals can be 
eliminated by masking with KCN (2 mL of 0.1 %). This 
reagent forms a stable complex with divalent metals, but 
does not interfere with the reaction between Ca(II) and 
the chelating agent. To perform this study, the interfering 
cations were studied at a metal-to-interferent ratio of 
l: 100. It was proved that Ca(II) recoveries were almost 
quantitative in the presence of KCN, and the complexed 
ions were completely eliminated. However, in drinking 
water and milk samples, concentrations of trace metals 
were generally very low. Accordingly, the addition of 
KCN to the medium is not needed. In various samples 
assayed with a sensor [12-14], Mg(II) at concentrations 
exceeding 4- to 5-fold was reported to interfere with the 
determination of calcium. On the other hand, with the 
proposed technique, Mg(II) was shown not to interfere 
even at 100-fold (by wt.) ratios in excess of Ca(II). Thus, 
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the proposed sensor system can be used to determine 
calcium in drinking water and milk samples without pre-
liminary operations of separation or masking. 

3.6. Response Time 

The sensing time of the probe is a very important pa-
rameter for rapid measurement. Figure 5 shows reflec-
tance response of the sensing probe at 566. 1 nm as a 
function of time when the sensing layer was exposed to 
1.0 and 10.0 mg·L-1 Ca(II). In general, it was observed 
that the reflectance intensity increased with increasing 
reaction time. The reflectance of sensor remained con-
stant after a measurement time of 5 min. However, a 
7-min system response time was chosen in this study 
since it yielded a more stable response fora wider Ca(II) 
concentration range. 

3. 7. Sta bility of the Sensor and Life Time 

The stability ofthe sensor was tested by using 10 mg L- 1 

Ca(II) solution. The leaching of the immobilized reagent 
was evaluated by monitoring the sensor response con-
tinuously for 3 h when the prepared sensor was im-
mersed into 0.2 mol L-1 NaOH solution. The experiment 
indicated that for this duration of time, the signal re-
sponse was quite stable with a relative standard deviation 
(RSD) of 3.4%. Because of the unstable nature of the 
reagent, it is also recommended that it be kept under a 
nitrogen atmosphere and ali the sensing layers were 
sheltered from ambient light. A study on stability of the 
sensor was carried out to detect the possibility of de-
composition of the reagent phase when it was kept un der 
nitrogen atmosfere. The proposed sensing layer was stable 
and could be used for at least 3 weeks without observing 
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Figure 5. Typical response curve of the Amberi ite XAD-16/ 
GBHA-Ca at 566.1 nm as a function of time when sensor 
was exposed to 1.0 and 10.0 mg L-1 Ca ion. 
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any change in its response signal characteristics. In this 
test, it was demonstrated that the reagent phase was sta-
ble and no decomposition occurred. 

3.8. Analytical Characteristic of the Sensor 

The proposed methodology was able to produce analyti-
cal with good linearity in the range 0.3 - l.0 mg·L-1. 

As concentration increased beyond a !imiting !eve!, the 
sensor produced a semi-!ogarithmic response against 
Ca(ll) concentrations !ying in the range 0.3 - 40 mg·L-1• 

This phenomenon can be interpreted accordingly by 
Oehme and Wolfbeis exp!anations [30]. When a metal 
ion reacts with an indicator at a molar ratio of l: 1, and 
neglecting the activity the conditional sta-
bility constant can be as: K, = [Mel]/[Me][I], 
where [I] denotes the concentration of the indicator 
which is not bound in the complex [Mel], and [Me] the 
concentration of the metal ion that is not bound to the 
!igand. It is that activity effects in the 
lized phase are equivalent for I and Mel species and thus 
may be considered to cance!. As pointed out above, it is 
the concentration of the complex (i.e., [Mel]) 
or the unbound indicator [l] which is and [Mel] 
and [I] vary with analyte ([Me]) concentration as follows 
[30]: 

[Mel]= {K,[Me]/(1 + K,[Me])}c; 

= {[Me]/K;1 +[Me]}c; 

[l] = {J/(1 + K,[Me])}c; 

where c; is the total concentration of free and combined 
indicator mo!ecules. Therefore, at low concentration of 
analyte (i.e. where [Me] « 1/K, ), response is approxi-
mately proportional to analyte concentration [Me]. As 
concentration increases, response becomes curved, 
reaching a limiting value when [Me] » . This cor-
responds to saturation ofthe sensing reagent with analyte. 
A number of several recent studies have also used loga-
rithm of analyte concentration in constructing ca!ibration 
curves [31-33]. By extending the !inear range using a 
semi-!ogarithmic scale (Figure 6), a who!e range of con-
centrations between 0.3 and 40 ppm could be accurately 
measured. The reproducibility of the sensor was checked 
by five replicate determinations (N = 5) at 10 mg·L-1 

!eve! of Ca(II). The reflectance measurements were highly 
reproducib!e; the relative standard deviation (RSD) for 
I O ppm Ca(II) solution was 1.4%. The limit of detection 
(LOD) of Ca(II), as the concentration equiva!ent 
to a signal of blank plus three times the standard devia-
tion ofthe b!ank, was calculated to be 0.15 mg·L-1 in the 
low concentration range of linearity. The sensitivity of 
the proposed method in terms of lowering the LOD of 
Ca-sensing was better than those of recent analog sensors 
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Figure 6 Response to different calcium concentrations. The 
inset shows the calibration curve of Ca(II) immobilized on 
GBHA/XAD-16. 

manufactured by Cag!ar et al. [12] and Malcik et al. (13]. 
The proposed sensing method was validated against 
flame-AAS analysis ofknown complex samples ofCa. 

3.9. Reversibility 

The sensor material placed into a column could be re-
generated with an acid eluent. The regeneration process 
of the sensor was checked by washing the used sensing 
layer with different concentrations (O.Ol, 0.1 and 0.2 
mol·L-1) of HCI. At ali three HCI concentrations tested, 
complete regeneration of the sensing layer was obtained 
at time intervals of 10 min, 5 min and l min, respectively. 
However, the sensing layer after two successive regenera-
tions was completely decomposed. Therefore, the use ofa 
fresh sensing layer is recommended for each measurement. 

3.10. Applications 

To check the validity of the proposed method, severa! 
mi!k and drinking water samples were analysed for Ca. 
The calcium contents of several samp!es of drinking wa-
ter and milk were determined by the Ca-sensor, and the 
results compared with those obtained using AAS. The 
results fcir three types of milk and drinking water are 
shown in Tables 1 and 2. There was excellent agreement 
between the results obtained with the proposed sensor 
and AAS in regard to both analytical accuracy and preci-
sion. Since Ca is not susceptible to volatilization !osses 
during a pretreatment scheme of charring-wet ash ing-
fumace heating, a complex sample such as milk gave 
correct Ca with the proposed method. 
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Table 1. Analysis of three drinking water samples by using 
FAAS and the proposed sensor (n = 3). 

Water Samples 
Declared FAAS Found' 

6.0 6.1 ±03 5.94 ± 0.6 

Hayat 19.7 19 .7±0.2 19.9±0.2 

Erikli 4.0 4.0 ± 0.1 3.96 ± 0.3 

'The proposed 

Table 2. Analysis of three milk samples by using FAAS and 
the proposcd sensor (n = 3). 

Milk Declared F AAS (mg· L-1) Found'(mg-L- 1) 

Danone 1008 101 0± l 1015 ± 3 

içim 1120 1125 ±2 11 30±4 

1200 1202 ±2 1208 ± 5 

'The proposed method. 

4. Conclusions 

The advantage of employing a GBHA-based sensor over 
the conventional methods for Ca(II) determination lies in 
the ease of its detection, use of less amount of chemicals, 
and less time consumption. In the standard colorimetric 
determination, the precipitated Ca(II)-GBHA complex 
must be extracted into an organic solvent, and this intro-
duces complexity in laboratory procedures as well as in 

disposition of used solvents. The results of this 
study have shown that the proposed sensor is applicable 
to the determination of calcium in drinking water and 
milk samples. The application of the procedure can be 
extended to the determination of calcium in different 
samples having very low metal contents. There is 
nite se lectivity for Ca over Mg. The method for drinking 
water and milk is simple, fast and highly reproducible. 
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