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bstract

A new polyvinylchloride membrane sensor for Cd2+ ions based on N,N′-(4-methyl-1,2-phenylene)diquinoline-2-carboxamide (Mebqb) as a
ew and excellent neutral ionophore has been prepared. The sensor shows a Nernestian response for cadmium ions over a wide concentration
ange (1.0 × 10−6 to 1.0 × 10−1 M) with the determination coefficient of 0.9964 and slope of 29.9 ± 0.5 mV decade−1. The limit of detection is
× 10−7 M. It has a fast response time of 3–8 s and can be used for at least 8 weeks without any divergence in potential. The electrode can be

sed in the pH range from 4.0 to 9.0. The proposed sensor shows a very good discriminating ability towards Cd2+ ion in comparison to some
lkali, alkaline earth, transition and heavy metal ions. It was successfully applied for the direct determination of Cd2+in standard and real sample
olutions.

2007 Elsevier B.V. All rights reserved.
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. Introduction

There is a challenge for analytical chemists to develop new
ensors for the fast, accurate, reproducible, and selective deter-
ination of various species in the fields of environmental,

gricultural and medicinal analysis. During the past two decades,
any efforts has been done in the synthesis and characteri-

ation of neutral ionophore with high selectivity for specific
etal ions to develop new potentiometric and optical sensors

or the determination of the respective metal ions in real sam-
les [1–3]. In modern world, the pollution of heavy metal ions
s becoming more and more severe. Cadmium is a toxic heavy

etal that appears in the environment mainly due to industrial
rocesses. Besides natural exposure from soils or earth crust
ith high content of cadmium, anthropogenic processes like
ombustion of coal and mineral oil, smelting, mining, alloy pro-
essing, paint industries, etc. are the major sources of lead and
admium to the people in the vicinity of the industrial areas.

∗ Corresponding author. Tel.: +98 311 3913268; fax: +98 311 3912350.
E-mail address: rezaei@cc.iut.ac.ir (B. Rezaei).
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uman uptake of cadmium takes place mainly through food.
oodstuffs that are rich in cadmium can greatly increase the
admium concentration in human bodies. Examples are liver,
ushrooms, shellfish, mussels, cocoa powder and dried sea-
eed. Another important source of cadmium emission is the
roduction of artificial phosphate fertilizers. Cadmium strongly
dsorbs to organic matter in soils. United States Environmen-
al Protection Agency (EPA) has found cadmium to potentially
ause the following health effects when people are exposed to it
t levels above the minimum concentration level (MCL) for rela-
ively short periods of time: nausea, vomiting, diarrhea, muscle
ramps, salivation, sensory disturbances, liver injury, convul-
ions, shock and renal failure and in long-term cadmium has the
otential to cause the following effects from a lifetime exposure
t levels above the MCL: kidney, liver, bone and blood dam-
ge [4]. Recently, several techniques including; flame atomic
bsorption spectrometry (FAAS), electrothermal atomic absorp-
ion spectrometry (ETAAS), inductively coupled plasma mass

pectrometry (ICP-MS) and atomic fluorescence spectrometry
AFS) [5–12] have been used for the determination of trace ele-
ents in different samples, but the wide utilization of these
ethods is limited by the expensive equipment. At the same
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different cadmium concentrations for standard addition method
were prepared by adding known amounts of cadmium to the
Scheme 1. The Mebqb structure.

ime, numerous voltammetric methods especially using chemi-
ally modified electrodes (CME) have been developed [13,14].
ecause of some imperfectness of these methods for applica-

ion to routine analysis, considerable efforts have been directed
owards the design and synthesis of highly selective ionophore
15]. Since less than three decades ago the solid-state ISE
ased on a mixed CdS/Ag2S membrane has been commercially
vailable [16]. Polymeric carrier-based ion-selective electrodes
ISEs) for determining the alkali metal cations such as sodium
17,18], potassium and lithium [19] have been studied numer-
usly. The efforts are needed to make ion-selective electrodes
or heavy metal ions in very low concentration [20,21], so we
ere interested in preparation of a new solvent polymeric mem-
rane electrode for selective and fast monitoring of cadmium
on in solutions. The most important advantages of proposed
olymeric carrier-based ISE over solid-state ISE based on a
ixed CdS/Ag2S membrane are their required fine condition-

ng, near-Nernestian slope and short response time [16]. In the
resent work, we use Mebqb, synthesized recently in our labora-
ories, as an excellent neutral ion carrier in construction of novel
admium(II)–PVC membrane electrode [22]. The ionophore is
hown in Scheme 1.

. Materials and methods

.1. Reagents

Reagent grade dibutyl phthalate (DBP), dioctyl phthalate
DOP), sodium tetraphenyl borate (NaTPB), tetrahydrofuran
THF) were purchased from Merck and polyvinylchloride
PVC) with high molecular weight from Fluka were used as
eceived.

A 0.1 M stock solution of cadmium nitrate was prepared by
issolving an appropriate, accurate amount of Cd(NO3)2·4H2O

Merck). A 1.0 × 10−6 to 1.0 × 10−1 M solution of cad-
ium ion was prepared daily by sequential dilution of

he appropriate stock solution with doubly distilled water.
itrate salts of cations (all from Merck) were of the high-
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st purity available. All other reagents used were of analytical
eagent grade, and doubly distilled water was used through-
ut. Mebqb as an ionophore was synthesized recently in our
aboratories.

.2. Construction and calibration of electrodes

Membranes with different PVC/plasticizer ratios were stud-
ed for finding the most suitable membrane composition. The
ptimum composition was 31% of powdered PVC, 59% of a
lasticizer (DOP), 4% of an additive (NaTPB) and 6% of the
orresponding ionophore. These were mixed in 5 mL THF. The
esulting clear mixture was evaporated at room temperature
lowly until an oily concentrated mixture was obtained. A Pyrex
ube (3 mm o.d.) was dipped into the mixture for about 10 s, so
hat a non-transparent membrane of about 0.3 mm thickness was
ormed. The tube was then pulled out from the mixture and kept
t room temperature for about 24 h. The tube was then filled with
n internal filling solution (1.0 × 10−3 M Cd(NO3)2·4H2O). The
lectrode was finally conditioned by soaking for 24 h in a 0.01 M
olution of cadmium nitrate. An SCE electrode was used as the
eference internal electrode. The compositions of the membrane
lectrode are summarized in Table 1.

.3. Apparatus and emf measurements

A cadmium-selective PVC electrode and a saturated calomel
lectrode (SCE) were used as an indicating electrode and a
eference electrode, respectively. The emf measurements were
arried out at room temperature with a Fanavary Tajhizat Sanjesh
H meter Model 162, a double junction SCE reference elec-
rode. The electrode cell assembly of the following type was
sed: (SCE) internal solution (1.0 × 10−3 M Cd(NO3)2·4H2O)
ensor membrane (sample solution) (SCE).

The potential reading of each solution was recorded when
t became stable, and then plotted as a logarithmic function of
d(II) cation activity. The activities of metal ions were based
n the activity coefficient g, data calculated from the modified
orm of the Eq. (1) (Debye–Huckel Eq.), which is applicable to
ny ion:

ogγ = −0.511Z2[μ1/2/(1 + 1.5μ1/2) − 0.2μ] (1)

here μ is the ionic strength and Z is the valency. All measure-
ents were carried out at 25 ± 0.1 ◦C.

.4. Procedure for the determination of Cd Ion in the real
amples

Spiked and real water and waste water samples containing
amples. The cadmium selective and reference electrodes were
mmersed in the samples and the cadmium concentrations were
etermined by direct potentiometry and using the standard addi-
ion technique.
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Table 1
Composition and optimization of membranes ingredients

No. PVC (%) Plasticizer (%) Ionophore (%) NaTPB (%) Slope (mV decade−1) Linear range (mol L−1) R2

1 29.7 DOP, 61.3 5 4 −27.6 1.0 × 10−5 to 1.0 × 10−1 0.9999
2 29 DOP, 62 5 4 −20.7 1.0 × 10−5 to 1.0 × 10−1 0.9963
3 28.5 DOP, 62.5 5 4 −19.3 1.0 × 10−6 to 1.0 × 10−1 0.9752
4 30.7 DOP, 61.7 5 3 −26 5.0 × 10−6 to 1.0 × 10−1 0.9979
5 30 DOP, 61 6 3 −28.7 1.0 × 10−5 to 1.0 × 10−1 0.9956
6 30 DOP, 59 7 4 −36.2 1.0 × 10−6 to 1.0 × 10−2 0.9959
7 30 DOP, 31 DBP, 31 5 3 −21.3 1.0 × 10−5 to 1.0 × 10−1 0.9743
8 31 DBP, 59 6 4 −29.9 1.0 × 10−6 to 1.0 × 10−1 0.9964
9 30 DOP, 60 6 4 −28.6 1.0 × 10−6 to 1.0 × 10−1 0.9991

10 29 DOP, 60 7 4 −32.7 1.0 × 10−6 to 5.0 × 10−2 0.9944
1
1

3

3

i
p
i
w
w
e
a
r
m
p
s
a
p
t
c
a
d
c
N
s

F

3

i
o
s
t
s
a
a
w
L
s
t
g
l
t
s
a
a
m

1 33 64 – 3
2 32 DOP, 63 5 –

. Results and discussion

.1. Preliminary potentiometric studies

In preliminary experiments, the proposed ligand was used,
n the preliminary experiments, as a neutral carrier to prepare
olymeric membrane electrodes for a variety of metal ions. As
t can be seen from Fig. 1, among different tested cation, Cd2+

ith the most sensitive response seems to be suitably determined
ith the PVC membrane based on the proposed ligand and the

mf responses obtained for all other cation-selective electrodes
re much lower than the predicted by the Nernst equation. The
esults might indicate that the selectivity towards these ions is
asked by the low detection limit of the electrode, which is most

robably due to the transport of Cd2+ ions from the measuring
olution to the boundary between membrane and the solution
s discussed by Bakker and co-workers [23,24]. Among the
roperties of the zinc group metal ions is their unique ability
o adopt various coordination geometries and to form different
helates ring size with chelating ligands bearing strong �-donor
toms [25,26]. The interaction between the metal ion and the

onor atoms of the ligand is in part electrostatic leading to the
omplexes that can participate in reversible reactions. Mebqb is
4 tetradendate ligand that provides the optimum structure for

elective interaction with Cd2+.

ig. 1. Potential response of various ion-selective electrodes based on Mebqb.
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−10.5 1.0 × 10−4 to 1.0 × 10−1 0.8153
−13.2 1.0 × 10−4 to 1.0 × 10−1 0.8327

.2. Influence of membrane composition

Besides the critical role of the nature of ion carriers in prepar-
ng membrane-selective sensors, some other important features
f the PVC membrane are known to significantly influence the
ensitivity, linearity range and selectivity of ion-selective elec-
rodes. These include the amount of ionophore, the nature of
olvent mediators, the plasticizer/PVC ratio, and especially the
mount and nature of the additives used [27]. Thus, different
spects of membrane preparation based on Mebqb for Cd2+ions
ere optimized and the results are summarized in Table 1.
igands used as ionophore in a Cd(II) ion-selective electrode
hould be selective for Cd2+ion over other metal cations due
o its ring structure size and distance between electron donor
roup, and be sufficiently lipophilic to prevent leaching of the
igand into the aqueous solution surrounding the membrane elec-
rode and have fast exchange capabilities [28,29]. Due to its
ufficient insolubility in water and the presence of two oxygen
nd several nitrogen-donating atoms in its structure, this lig-
nd was expected to act as a suitable ion carrier in the PVC
embrane-based sensors. For the proposed membrane the pres-

nce of the ionophore has highly considerable effect on the
lope and electrode response, as demonstrated on membrane
o. 11.
By increasing the amount of the additives the electrode repre-

ents acceptable response and slope is getting close to Nernestian
lope. So the polymeric membranes were investigated to mea-
ure the ability of the ionophore to act as an ion carrier in the
bsence and presence of the lipophilic additive. The response of
he membrane without additive gave poor sensitivity and resulted
n diminished slope (membrane No. 12).

If the plasticizer percentage arises in mixture, the hydrophilic
haracteristics and so the electrode response increase to a spe-
ific limit and after that the interfering ions have negative effects
n membrane selectivity and sensitivity (membrane No. 3).

The results obtained with different membrane composi-
ions show that membrane number 8 with composition of

OP:PVC:Mbqb:NaTPB and the percent ratio of 59:31:6:4 has

he optimum composition, slope and dynamic range for detect-
ng cadmium ions, so it was selected for preparation of the
olymeric membrane electrode.
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Fig. 3. Influence of pH on the potential response of the cadmium-selective
electrode to 1.0 × 10−3 M Cd2+.
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range 1.0 × 10−6 to 1.0 × 10−1 M cadmium nitrate solution. The
experimental results show that the lifetime of the present elec-
trode was over 2 months. During this period, the electrode was

Table 2
Response characteristics of the proposed cadmium-selective electrode

Slope (mV decade−1) −29.9 ± 0.5
Linear range (mol L−1) 1.0 × 10−6 to 1.0 × 10−1

Detection limit (mol L−1) 8 × 10−7
ig. 2. Effect of the concentration of an internal reference solution on electrode
esponse at various concentrations of 1.0 × 10−1 M (�), 1.0 × 10−3 M (�), and
.0 × 10−5 M (�).

.3. Effect of internal reference solution

Effect of the internal standard solution concentration
Cd(NO3)2·4H2O) of the membrane-selective electrode on the
mf–p(Cd2+) signal was studied in concentrations 1.0 × 10−1,
.0 × 10−3 and 1.0 × 10−5 M of Cd2+ (Fig. 2). The results
howed that the variation of the internal Cd(NO3)2 concentration
id not cause any significant difference in potential response. In
act, the main factor for not changing of potential slope and
esponse is the membrane enough thickness and decrease of
rans-membrane flux [30]. Thus, the Cd(NO3)2 concentration
f 1.0 × 10−3 M, that was quite appropriate for smooth func-
ioning of the electrode system, was selected for the internal
tandard solution.

.4. Influence of pH

The effect of pH on the electrode potential at various cad-
ium concentrations was studied by adding diluted solutions

f HCl (0.1 M) or NaOH (0.1 M) and adjusting the pH by a
H meter in the range of 1.0–11.0. The pH dependence of
he electrode potential was listed over the range of 1–11 for
.0 × 10−3 M Cd(II) ions. The results showed that the useful
ange is 4.0–9.0 because the potential remain almost constant in
his range (Fig. 3). The sharp change in potential at higher pH
alues may be due to the formation of some hydroxy complexes
f Cd2+, while at lower pH values H3O+ ions start to contribute to
he charge transport process by the membrane, thereby causing
nterference.

.5. Response characteristics

ISE characterization performed with a mathematical and

omputational program has been shown to be very useful
or determination of detection limits and selectivity constants
mong others [31]. Linear curve fitting using IUPAC method
as been used for the determination of ISE characteristics. The
Fig. 4. Calibration graph for the proposed Cd2+ion-selective electrode.

lectrode shows a linear response (R2 = 0.9964) to the activity of
d2+ ion in the range about 1.0 × 10−1 to 1.0 × 10−6 M (Fig. 4).
he calibration parameters obtained are included in Table 2.

It is evident that the lifetime of electrodes depends on the
omponents of the working solution and the measured spec-
mens with electrodes. The lifetime of the electrodes was
ound out by performing calibrations periodically with stan-
ard solutions and calculating the response, slope over the
Response time (s) 1 × 10−6 to
1.0 × 10−1 mol L−1

<8 s

Working pH range 4–9
Life time (months) 2
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Table 3
Conditioning time of optimized Cd− ISE

Time (day) Slope (mV decade−1) Linear range (mol L−1)

1 −29.9 ± 0.5 1.0 × 10−6 to 1.0 × 10−1

2 −29.9 ± 0.5 1.0 × 10−6 to 1.0 × 10−1

5 −29.9 ± 0.5 1.0 × 10−6 to 1.0 × 10−1

9 −29.9 ± 0.5 1.0 × 10−6–1.0 × 10−1

15 −29.9 ± 0.5 1.0 × 10−6 to 1.0 × 10−1

23 −29.5 ± 0.5 1.0 × 10−6 to 1.0 × 10−1

35 −29.5 ± 0.5 5.0 × 10−6 to 1.0 × 10−1
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Fig. 5. The response time of the cadmium-selective electrode during step by step
changing of cadmium ions concentration of: (1) 1.0 × 10−1 M, (2) 5.0 × 10−2 M,
(
1
1

s
s
[

T
C

N

5 −29.5 ± 0.5 5.0 × 10−6 to 1.0 × 10−1

0 −29.5 ± 0.5 5.0 × 10−6 to 1.0 × 10−1

n a cadmium nitrate solution and the detection limit and the
lope of the electrode remained almost constant. Subsequently
he electrochemical behavior of the electrode gradually dete-
iorated which may be due to ageing of the polymer (PVC),
lasticizers and ionophore (Table 3).

The response time of the electrode was tested by measur-
ng the time required to achieve a steady potential within 1 mV
uctuation by increasing in the Cd(II) ion concentration. The
esponse time of the electrode based on the proposed ligand
ielded a steady potential within 8 s (Fig. 5). (The response time
or lower concentrations range elevates fairly compare to the
igher concentrations range.)

In Table 4, the response characteristics of the proposed elec-

rode are compared with those of several recently reported
elective electrodes for Cd2+ ions [16,32–46]. As it shows, the
roposed electrode represents wider dynamic range compare to
ost of the sensors (except for [36,40]) and near-Nernestian

3

t

able 4
omparison of some characteristics of the proposed electrode with previous Cd2+ IS

Interfering ion with
Kpot ≥ 1.0 × 10−2

DL (mol L−1) Linear range (mol L−1) Wo
pH

Na+, K+, Pb2+, Fe3+,
Tl+, Ag+, Zn2+,
Cu2+

8 × 10−7 1.0 × 10−6 to 1.0 × 10−1 4.0

None 1.0 × 10−7 1.0 × 10−6 to 1.0 × 10−1 1.0
None 9.0 × 10−6 1.0 × 10−5 to 1.0 × 10−1 4.0
Most of the cations NM 3.9 × 10−5 to 1.0 × 10−1 3.2
Most of the cations NM 3.0 × 10−5 to 1.0 × 10−1 2.0
Co2+, Ca2+, Ba2+,

Zn2+, Mn2+, Fe2+,
Cu2+

5.9 × 10−6 1.0 × 10−5 to 1.0 × 10−1 4.3

Most of the cations NM 2.1 × 10−5 to 1.0 × 10−1 1.9
NM 9.9 × 10−6 1.0 × 10−5 to 1.0 × 10−1 5.0
NM NM 1.0 × 10−6 to 1.0 × 10−2 3.0
NH4

+ 5.0 × 10−8 7.9 × 10−8 to 1.0 × 10−1 2.0
Pb2+, Cu2+, Ag+, Tl+ 1.0 × 10−7 4.0 × 10−7 to 1.0 × 10−1 2.5
Pb2+, Cu2+, Ag+,

Hg2+, Fe3+
6 × 10−7 1.5 × 10−6 to 1 × 10−1 2.0

Hg2+ 8 × 10−7 1.0 × 10−6 to 1 × 10−1 2.0
Cu2+, Et4N+ 10−10,10−8 10−5 to 10−9 5.7
Pb2+, Cu2+, Ag+,

Mg2+, Ni2+
5.0 × 10−6 4.4 × 10−4 to 1.0 × 10−1 2.5

NM NM 2.0 × 10−5 to 5.0 × 10−2 2.5
None 7.3 × 10−7 1.0 × 10−6 to 1 × 10−1 2.8
None 1.5 × 10−10 5.0 × 10−10 to 1 × 10−5 Jus

M, not mentioned.
3) 1.0 × 10−2 M, (4) 5.0 × 10−3 M, (5) 1.0 × 10−3 M, (6) 5.0 × 10−4 M, (7)
.0 × 10−4 M, (8) 5.0 × 10−5 M, (9) 1.0 × 10−5 M, (10) 5.0 × 10−6 M, (11)
.0 × 10−6 M, and (12) 5.0 × 10−7 M.

lope compare to sensors referred as [32,43]; also it has a very
hort response time in comparison to some of them (except for
35,41]).
.6. Selectivity

The most important characteristics of membrane sensors are
he selectivity behavior confirming whether a reliable mea-

Es

rking
range

Slope (mV decade−1) Response
time (s)

Ref.

–9.0 −29.9 <8 Proposed electrode

–7.0 −28.0 NM [16]
–7.0 −27.8 <15 [32]
–7.5 −30.0 <25 [33]
–5.4 −30.0 <23 [34]
–8.5 −28.5 <5 [35]

–7.0 −29.0 <17 [36]
–7.7 −29.0 <10 [37]
–7.0 −29.8 <60 [38]
–8.0 −30.0 10 [39]
–8.5 −29.0 <10 [40]
–8.0 −29.0 3 [41]

–8.0 −25.1 7 [41]
–6.8 −32.0 NM [42]
–6.5 −29.0 12 [43]

–7.0 −29.0 <20 [44]
–8.6 −29.4 <10 [45]
t 7 NM NM [46]
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Table 5
Potentiometric selectivity coefficient values for various interfering ions at con-
centration of 1.0 × 10−2 M

Mn+ K
pot
Cd,M Mn+ K

pot
Cd,M

Fe3+ 6.92 × 10−2 Cr3+ 3.91 × 10−4

Ce4+ 3.16 × 10−4 Tl+ 8.3 × 10−2

Mg2+ 4.46 × 10−3 Ag+ 9.1 × 10−2

Ni2+ 3.16 × 10−3 Zn2+ 1.58 × 10−2

Co2+ 2.69 × 10−3 Cu2+ 2.11 × 10−1

Mn2+ 1.65 × 10−3 Zr4+ 4.7 × 10−3
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Table 6
Determination of Cd(II) recovery by the proposed electrode in the real samples

Sample Added cadmium
(�g mL−1)

Found cadmium
(�g mL−1)

Recovery
(%)

Tap water
2.19 2.17 ± 0.01 99.0
3.51 3.48 ± 0.02 99.1
5.60 5.57 ± 0.04 99.5

River water
2.65 2.62 ± 0.02 98.9
3.65 3.59 ± 0.03 98.9
5.64 5.56 ± 0.04 98.6

Waste water
2.26 2.21 ± 0.03 97.7
4.49 4.56 ± 0.05 101.5
5.68 5.56 ± 0.06 97.8

Table 7
Determination of Cd(II) by the proposed electrode in the real samples

Sample Added
cadmium
(�g mL−1)

Found cadmium by
proposed method
(�g mL−1)

Found cadmium
by AAS method
(�g mL−1)

Electroplating waste
water (1)

0.0 2.8 ± 0.1 2.9
11.2 13.7 ± 0.4 14.2
22.5 24.7 ± 0.5 25.1
33.7 37.4 ± 0.4 36.6

Electroplating
w
(

0.0 4.3 ± 0.1 4.5
11.2 15.1 ± 0.3 15.3

5

t
T
m
a
m
t
p

A

o
s
t

R

b2+ 2.34 × 10−2 Al3+ 7.08 × 10−4

urement in the target sample is possible. In order to assess
he selectivity of the proposed cadmium ion-selective electrode
ver other cations (Mn+), the method of fixed interference was
mployed [47]. According to this method, the potentiometric
electivity coefficients, Kpot

Cd,M, can be evaluated from the poten-
ial measurements of solutions containing a fixed concentration
f interfering ion, Mn+ (aMn+, 0.01 M) and titration with Cd2+

olution. The potential values obtained were then plotted against
he activity of the cadmium ion. The intersection of the extrap-
lated linear portions of this curve will indicate the activity of
d2+ (a Cd), which is to be used to calculate K

pot
Cd,M values from

he equation:

pot
Cd,M = aCd(DL)

a
2/n
M

The resulting K
pot
Cd,M values are summarized in Table 5. For

ost of the polyvalent cations used, the selectivity coefficients
how low values, indicating negligible interference in the per-
ormance of the membrane electrode assembly. On the other
and, in the case of univalent cations used, the selectivity coef-
cients seem to be somehow large. It is noteworthy that such
eceptively larger K

pot
Cd,M values arise from the term a2/n in Eq.

2); the smaller the charge of interfering ion, n, the larger the
electivity coefficient, K

pot
Cd,M.

. Applications of method

The new cadmium-selective electrode was applied to obtain
ecoveries of cadmium in tap water, river water, an electroplating
actory and mobarekeh steel complex waste water samples by
roposed electrode with satisfactory results. The analysis was
erformed by using the standard addition technique. The results
re summarized in Table 6. Good recoveries were obtained in
ll samples. The electrode was also successfully applied to the
irect determination of cadmium in waste water samples from
near Isfahan Electroplating Factory. The cadmium content

btained from three replicate measurements in two different
amples was 2.8 ± 0.1 and 4.3 ± 0.1 �g mL−1 which was found

o be in agreement with that obtained by atomic absorption spec-
rometry (2.9 and 4.5 �g mL−1, respectively) which the results
re represented in Table 7.
aste water
2)

22.5 26.4 ± 0.3 26.6
33.7 37.7 ± 0.4 38.3

. Conclusions

The proposed ionophore demonstrates good results as a neu-
ral carrier in developing a new cadmium-selective electrode.
he electrode shows better selectivity and response time than
ost of the previous cadmium determining techniques. A major

dvantage of the present electrode concerns its direct measure-
ent of cadmium in real samples without prior separation steps,

hus considerably simplifying the determination procedure com-
ared with other analytical methods.
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