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Abstract
Despite the increasing number of applications of molecularly imprinted polymers (MIPs) in analytical chemistry, the
construction of a biomimetic potentiometric sensor remains still challenging. In this work, a biomimetic
potentiometric sensor, based on a non-covalent imprinted polymer was fabricated for the recognition and
determination of cetirizine. The MIP was synthesized by precipitation polymerization, using cetirizine dihydro-
chloride as a template molecule, methacrylic acid (MAA) as a functional monomer and ethylene glycol
dimethacrylate (EGDMA) as a cross linking agent. The sensor showed high selectivity and a sensitive response to
the template in aqueous system. The MIP-modified electrode exhibited Nernstian response (28.0� 0.9 mV/decade) in
a wide concentration range of 1.0� 10�6 to 1.0� 10�2 M with a lower detection limit of 7.0� 10�7 M. The electrode has
response time of ca. 20 s, high performance, high sensitivity, and good long term stability (more than 5 months). The
method was satisfactory and used to the cetirizine assay in tablets and biological fluids.

Keywords: Molecularly imprinted polymer, Potentiometric sensor, Biomimetic sensor, Cetirizine, Biological fluids,
Tablets
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1. Introduction

Biomimetic sensors using molecularly imprinted polymers
(MIPs) offer some interesting advantages to typical biolog-
ical-based sensors, such as those using antibodies or
enzymes. The molecular imprinting technique is a powerful
method for preparing artificial recognition sites with
predetermined selectivity for a wide range of target
molecules [1, 2]. These molecularly imprinted polymers
have been shown to be useful in enantioseparations,
catalysis, solid-phase extraction, drug delivery, affinity
chromatography, and in the preparation of sensors specific
for analytes of interest using a variety of sensing methods.
Over the past two decades, imprinted polymers have
attracted broad interest from scientists engaged in sensor
development. This attention can be explained by the serious
potential advantages of using MIPs in place of natural
receptors and enzymes such as their superior stability, low
cost, high selectivity and easy preparation. A few examples
of detection methods using imprinted polymers include:
fluorescence [3], luminescence [4], surface plasmon reso-
nance [5], quartz crystal microbalance [6], impedance
measurement [7], induced scintillation [8], field effect

transistor [9], optical approaches [10], and acoustic wave
sensors [11].
In contrast with the increasing number of MIP reports on

electrochemical sensors with electrochemical transduction
of capacitive [12], conductometric [13], amperometric [14]
and voltammetric [15], it is surprising that despite the
relatively simple transduction of the potentiometric signal,
only limited reports on the design of potentiometric sensors
are based on molecular imprinting technology. These
describe potentiometric sensors by dispersingMIP particles
in plasticizer and embedding in polyvinylchloride (PVC)
matrix [16 – 19], forming a glassy membrane [20], assem-
bling the template on the polar surface of indium tin oxide
(ITO) glass plate [21, 22] and by depositing aMIPpolymeric
film on the gate surface of an ion-sensitive field-effect
transistor [23, 24]. Carbon paste electrode (CPE) is one of
the convenient conductive matrixes to prepare the chemi-
cally modified electrodes (CMEs) by simple mixing of
graphite/binder paste and modifier. These kinds of electro-
des are inexpensive and possesmany advantages such as low
background current, easy fabrication and rapid renewal
[25].
In recent years, we have successfully used CPE as suitable

conductive matrixes for the preparation of potentiometric
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[26 – 28] and voltammetric sensors [29, 30]. In this paper, we
present a carbon paste electrode for the potentiometric
detection of cetirizine based on molecularly imprinted
polymers. The method is complementary applied to the
determination of cetirizine in tablets, human urine, and
serum.
Cetirizine (Fig. 1) is an activemetabolite of hydroxyzine,

a first generation H1-receptor antagonist [30]. Marked
affinity of cetirizine for peripheral histamine H1 receptors
resultsin anti-allergic properties, but has the advantage
that it lacks the CNS depressant effects often encountered
in anti-histamines [31]. The pKa values of cetirizine
dihydrocholride as a basic compound with three ionozable
groups, for the carboxylic group, the tertiary amine group
and the nitrogen heterocyclic are 2.2, 2.9 and 8.0 respec-
tively [32].
Various analytical methods have been reported in

literature for determination of cetirizine in its pharma-
ceutical preparations. These include high-performance
liquid chromatography [33], gas chromatography [34],
high-performance thin-layer chromatographic [35], capil-
lary zone electrophoresis [36], liquid chromatography [37],
liquid chromatography-tandem mass spectrometry [38]
and RP-LC method [39]. The official USP method avail-
able for the assay of the drug in tablets employs a
chromatographic system equipped with a UV-detector,
where cetirizine can be detected at 258 nm (pH 2.38) [40].
Most of the reported methods require sample pretreat-
ment and extraction of the drug prior to the analysis. At the
present time there is a need for the development of highly
selective, low-cost, stable, and facile cetirizine sensors for

complex matrixes of pharmaceuticals, environmental, and
industrial.

2. Experimental

2.1. Materials

2.1.1. Reagents

Methacrylic acid (MAA) fromMerckwas distilled invacuum
prior touse inorder to remove the stabilizers. Ethylene glycol
dimethacrylate (EGDMA) and 2,2’-azobisisobutyronitrile
(AIBN) fromMerck (Darmstadt,Germany),were of reagent
grade andwere usedwithout any further purification.All the
other chemicals were of analytical reagent grade and the
solutions were prepared with distillated water. The phos-
phate buffer solutions with a pH value of 2 were prepared in
deionized water and were used. Drug free human serumwas
obtained from the Iranian blood transfusion service (Tehran,
Iran) and stored at �208C until use after gentle thawing.
Urine was also collected from healthy volunteers (males,
around 35-years-old).

2.1.2. MIP and NIP Preparation with Precipitation Poly-
merization

The schematic representation of the imprinting and the
removal of cetirizine from the imprinted polymer are shown
in Figure 2. The molecular imprinted polymer membranes
for cetirizine dihydrochloride were prepared from a reagent
mixture obtained by mixing (78.0 mL, 0.915 mmol) of

Fig. 1. Fig. 1. Structure of the investigated drugs and organic materials.
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methacrylic acid, (721.5 mL, 3.82 mmol) of ethylene glycol
dimethacrylate, (91.5 mg, 0.198 mmol) of cetirizine dihy-
drochloride and (14.5 mg, 0.088 mmol) ofAIBN in 40 mlH2

O:CH3CN (1 :19). The mixture was uniformly dispersed by
sonication (sonic bath model Ultrasonic UTD35-Falc, Via
Piemonte, Italy). After sonication, it was purged with N2 for
10 min and the glass tube was sealed under this atmosphere.
It was, then, stirred in a water bath maintained at 60 8C for
20 h. The produced polymer was filtered using a Whatman
filter number 1 and washed with acetone and methanol
before the template removal. The template was removed by
washing theMIP successively in 15 mL of amethanol/acetic
acid solution (10 :1, v/v, of 98% methanol and pure acetic
acid) for three times, each time for 1 h, and then twice in
15 mL of pure water for 1 h. The template extraction of the
polymer created the cavities, leading to the specific sorption
of the template. In addition, the removal of other materials
from the polymer took place (e.g. residual monomers or
oligomers and initiator fragments). The non-imprinted
polymer (NIP) was also synthesized following exactly the
same procedure, but excluding the template cetirizine from
the formulation.

2.2. Instrumentation

2.2.1. Infrared Spectroscopy

The IR spectra of NIP, the unleached and leached MIPs
displayed similar characteristic peaks, indicating the sim-
ilarity in the backbone structure of the different polymers.
As a result of the hydrogen binding with the�COOH group
of themethacrylic acid, the C¼O stretching and the bending
vibrations at 1726 cm�1 and ca. 1458 cm�1 in the leached
MIP materials were shifted to ca. 1722 cm�1 and 1453 cm�1

in the corresponding unleached MIP, respectively. More-
over, there were one distinct difference between the IR
spectra of the NIP and the leached and unleached MIPs. In
the NIP polymer, there was a sharp band around 2930 cm�1.
This band was splitted and shifted in the leached and
unleached polymer spectrumand the peaks at 2983 cm�1, ca.
2951 cm�1 and 2980 cm�1, 2953 cm�1 were observed, respec-
tively.

2.2.2. Thermogravimetric Analysis

Figure 3 depicts the TGA plots of the unleached and
leached MIP particles. Regarding the unleached MIP
particles, TGA revealed two decomposition states: one
mass loss between 100 8C and ca. 200 8C (4% weight loss),
assigned to the decomposition of the free monomer and the
cross-linker, and one starting at ca. 220 8C, related to the

Fig. 2. Schematic representation of the MIP synthesis.
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cetirizine dihydrochloride decomposition as the melting
point of cetirizine dihydrochloride is ca. 225 8C [41]. All the
materials were completely decomposed prior to reaching
the temperature of 460 8C.

2.3. Procedures

2.3.1. Preparation of Tablets for Assay

Twenty tabletswereweighed, crushed andmixed in amortar
and pestle for 15 minutes.Aportion of powder equivalent to
the weight of one tablet was accurately weighed into each of
five 100 mL A-grade volumetric flasks and 70 mL of
phosphate buffer was added to each flask. The volumetric
flasks were sonicated for 20 min to effect complete disso-
lution of the cetirizine and the solutions were then made up
to volume with phosphate buffer. Suitable aliquots of
solution were filtered through a 0.45 mm millipore filter
(Gelman Sciences, Rossdorf, Germany), rejecting the first
portion of the filtrate. The desired concentrations were
obtained by accurate dilution with phosphate buffer.

2.3.2. Preparation of Urine Samples and Extraction Pro-
cedure

For the preparation of urine standard solutions, 1 mL of
cetirizine dihydrochloride aqueous solution was transferred
in to a 5 mL volumetric flask and then the solution was
diluted to the mark with urine and vortexed for one minute.
Then the solutionwas adjusted topH 10by the concentrated
sodium hydroxide solution. For the determination of
cetirizine, 2 mLdichloromethanewas added toonemilliliter
of urine samples and vortexed for twominutes. Themixture
was centrifuged at 6000 rpm for 3 min to separate the

aqueous and organic layers. After removal of the organic
layer the extraction was repeated on the residual aqueous
layer. The dichloromethane layers were pooled and dried at
40 8C under a gentle stream of nitrogen using an N-Evap
Model 112 analytical evaporator (OrganomationAssociates
Inc., South Berlin, MA, USA). After drying, samples were
reconstituted with 5 mL of HCl, vortexed for 1 min. Then
the analysis was followed up as indicated in the general
analytical procedure. The calibration curve for urine
samples was also prepared using buffer solution. These
calibration solutions contained cetirizine in the range of
1.0� 10�6 to 1.0� 10�3 M and the buffer solution (10 mL
standard cetirizine solution were diluted with 2 mL phos-
phate buffer solution pH 2).

2.3.3. Preparation of Serum Samples and Extraction Pro-
cedure

Serum standard solutions were prepared by spiking drug
free serumwith known aliquots of an appropriate dilution of
an aqueous cetirizine solution. For the determination of
cetirizine, 0.3 mL concentrated sodium hydroxide solution
was added to 1 mL of serum standard samples. The mixture
was vortexed for 30 s afterwhich 2 mLdichloromethanewas
added and vortexed for two further minutes and proceeded
as directed for procedure under preparation of urine
samples and extraction procedure, beginning with KThe
mixture was centrifugedL. Then the analysis was followed up
as indicated in the general analytical procedure.

2.3.4. Preparation of the MIP Modified Carbon Paste
Electrodes

The chemically modified carbon paste electrodes were
prepared by thorough mixing graphite powder, paraffin oil
and MIP in proportions of 5, 10, 12 and 15% (w/w),
respectively. The electrode body was fabricated from a glass
tube (i.d. of 5 mm and a height of 3 cm). After the mixture
homogenization, the paste was packed carefully into the
tube tip to avoid the possible air gaps, often enhancing the
electrode resistance. A wire was inserted into the opposite
end to establish an electrical contact. The external electrode
surface was smoothed with soft paper. The surface was
renewed by scraping out the old surface and replacing the
carbon paste.

2.3.5. Electrode Conditioning

The fresh modified electrode surfaces were conditioned by
exposure to a 1.0� 10�4 M cetirizine dihydrochloride
solution at the pH value of 2.0, adjusted with a 0.01 M
phosphate buffer for 48 h. The electrodes were, then, rinsed
with deionized water for 30 s.

2.3.6. Emf Measurements

All potentials were measured on a Corning model 125 pH/
mVmeter (NY, USA) vs. SCE. The pH value of the sample

Fig. 3. TGA plots of the leached NIP, unleached and leached
MIP particles. In the unleached NIP or MIP the particles are
washed with acetone and methanol while in the leached MIP, the
template is removed by washing in a methanol/acetic acid solution
(10 :1, v/v) and then in pure water.
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solutionswasmonitored simultaneouslywith a conventional
glass pH electrode. The electrochemical cell can be repre-
sented as follows:

Ag, AgCl(s), KCl (3 M) jj sample solution j carbon paste
electrode

The calibration graphs were constructed by plotting the
potential, E, versus the logarithm of the cetirizine ion
concentration at the constant pH value of 2.0.

3. Results and Discussion

3.1. CPEs Response Characteristics and Electrode
Composition

In preliminary experiments, we found that the MIP-carbon
paste electrodes generated stable potentials in the solutions
with cetirizine ions, after conditioning in a 1.0� 10�4 M
cetirizine dihydrochloride solution. The electrodes revealed
a remarkable selectivity for cetirizine in comparison with
the non-imprinted based CPE. This is likely due to the high
cetirizine ion selectivity of the imprinted polymer over other
the investigated drugs and organic materials as well as the
rapid exchange kinetics of the resulting complex. Thus, it
was concluded that the changes in the membrane potential
were induced by the host-guest complexation, which
implied the molecular recognition effects at the interface
of the modified electrode and the aqueous solution.
The effect of the paste composition on the potentiometric

response of the electrodes was investigated by varying the
proportions of the MIP and the graphite powder. Table 1
presents the compositions of several typical electrodes along
with their response characteristics. The potential responses
of all the studied CPEs were in the cetirizine ion concen-
tration range of 1.0� 10�7 to 1.0� 10�1 M.
Based on the IUPAC recommendations [42], the critical

response characteristics of the designed electrode were
assessed. Table 1 displays the slopes, linear ranges and
LODs of the resulting potentiometric calibration curves for
the cetirizine ion-selective electrodes, obtained in buffered
solutions at the pH value of 2.0. Clearly, an increase at the
MIP level in the CPE caused a slope increase of the
calibration curve (compare CPE2, CPE3, CPE4 andCPE5).
As it is seen from Table 1, the MIP-modified electrode with

the graphite powder/paraffin oil/MIP percentage ratio of
64%/21%/15% was selected as the one with the optimal
membrane ingredient composition. It exhibited a Nernstian
slope of 28.0 mV/decade in a wide cetirizine concentration
range between 1.0� 10�6 M and 1.0� 10�2 M (Fig. 4). After
the consideration of these results, the CPE6 carbon paste
composition was used in the further studies. The carbon
paste electrode with the NIP (CPE1) presented a nonlinear
potentiometric response and as it is obvious inTable 1. From
this Table, it is observed that the slope was very low (ca.
9.2 mV decade�1) and the LOD for the CPE5 was equal to
1.0� 10�6 M. The LOD was calculated as the cetirizine ion
concentration, obtained when the linear regions of the
calibration graphs were extrapolated to the baseline poten-
tials. It should be noted that the ion-selective electrodeswith
an inner aqueous electrolyte contact would invariably
exhibit a kinetic bias, even with very high membrane
selectivity. The observed detection limits would be typically
still much higher than their thermodynamically predicted
ones.
For all the MIP-modified electrodes, the standard devia-

tion values of 10 replicate potential measurements were at
most�1.5 (for CPE2) and at least�0.9 (for CPE5). For the
study of the regeneration step effect on the reproducibility
of the electrode response, the electrode surface was
scrubbed and used under the same conditions. The relative

Table 1. Composition of the carbon paste electrodes and their potentiometic response characteristics.

Electrode Composition (%)

MIP Graphite powder Paraffin oil Slope (mV decade�1) Linear range (M) LOD (M)

CPE1 0 [a] 64 21 ca. 9.2 (�2.1) – 5.0� 10�6
CPE2 5 71 24 10.7 (�1.5) 1.0� 10�5 to 1.0� 10�2 1.0� 10�6
CPE3 10 68 22 17.8 (�1.4) 1.0� 10�5 to 5.0� 10�2 4.0� 10�6
CPE4 12 66.5 21.5 21.9 (�1.2) 5.0� 10�6 to 1.0� 10�2 7.0� 10�6
CPE5 15 64 21 28.0 (�0.9) 1.0� 10�6 to 1.0� 10�2 1.0� 10�6

[a] Containing 15% NIP.

Fig. 4. Potentiometric response properties of the MIP modified
electrode (CPE5, upper), and the NIP modified electrode (CPE1,
lower).
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standard deviation of the obtained response did not exceed
8.5% for the solutions of 20 and 100 mM cetirizine.

3.2. Cleaning Solution

By washing the electrode only with distilled water, more
than 10 successive potentiometric measurements were
performed from 1.0� 10�5 M to 1.0� 10�3 M cetirizine
solution and vice versa without any deterioration of the
potential signal. The washing step, required for the elec-
trode to return to the starting potential after performing
calibration, was ca. 3 min with a standard deviation in the
potential of �1.2 mV. For a long-time electrode usage in
complex matrixes, a fresh surface MIP-modified electrode
could be produced by scrapping out the old surface.

3.3. Response Time

Dynamic response time is an important factor, for the
evaluation any sensor. In this study, the practical response
timewas recorded by changing the cetirizine concentrations
from the lower (1.0� 10�3 M) to the higher (1.0� 10�2 M)
concentration. The electrode reaches its equilibrium re-
sponse in a short time of about 20 s.

3.4. pH Effect of the Test Solution

The binding interactions of cetirizine to MIP were attrib-
uted to the hydrogen bonds and the electrostatic force. In
this study, the solution pH displayed a great effect on the
MIP sensor response owing to partial cetirizine deprotona-
tion in the sample solutions. Subsequently, when this
electrode was employed for the measurement of pharma-
ceutical samples, the pH parameter should be adjusted. The
pH response on the carbonpaste electrode is hardly affected
from pH 1.9 to 4.5.

3.5. Interference Studies

The potentiometric selectivity coefficients were determined
by the matched potential method (MPM). The coefficients
describe the preference of the suggested electrode for an
interfering ion, X, with reference to the cetirizine ion.MPM
is recommended by IUPAC [43] to overcome the difficulties
associated with the methods based on the Nicolsky –Ei-
senman equation [42, 44].
According to this method, the specified activity (con-

centration) of the primary ions is added to a reference
solution (1.0� 10�6 M cetirizine, in this case) and the
potential is measured. In another experiment, the interfer-
ing ions (X) are successively added to an identical
reference solution, until the measured potential matches
that obtained before the addition of the primary ions. The
MPMselectivity coefficient,KCRZ,X

MPM, is then given by the

resulting primary ion activity (concentration) to the
interfering ion activity ratio, KCRZ,X

MPM¼ aCRZ/aX The
resulting values for the cetirizine ion-selective electrode
are listed in Table 2. In this study, the arrangement was
achieved by non covalent interactions, such as hydrogen
bonding and the hydrophobic effect. As it is obvious from
Table 2, when the MIP sensor is applied to determine
cetirizine, all the other substances (except for hydroxyzine)
hardly interfere with the determination. In most cases, the
selectivity coefficients were in the order of 5.0� 10�4 and
lower. The selectivity sequence of the employed MIP for
different drugs and organic materials approximately obeys
the order: Citirizine�Hydroxyzine> Piperazine>
Tri-ethyl amine> Pipyridine> Pyrrole>Aniline�
Salbutamol> Promethazine> Terfenadine>Difenhydr-
amine. As a result, the MIP molecular recognition is based
both on the template molecular structure (shape) and
on the interactions between the print molecule and
the imprinted polymer. Hydroxyzine is of a similar
chemical structure, in which an ethanol (�CH2�CH2�OH)
moiety presents instead of the acetic acid (�CH2�COOH)
moiety in the aliphatic chain (Fig. 1). This behavior
confirmed that this molecule could interfere in the
cetirizine detection.

3.6. Lifetime

The MIP-modified electrodes were found to exhibit signifi-
cant advantages over their corresponding plasticized poly(-
vinyl chloride) (PVC) membranes. Since these electrodes
did not contain any special plasticizer or membrane solvent,
they were more durable and less toxic than the plasticized
PVCmembranes to be applied to ion sensors. The lifetimeof
the MIP-modified electrode was studied by periodically
recalibrating the potentiometric cetirizine response in the
standard cetirizine solutions. After the conditioning step,
the electrode was repeatedly calibrated three times every
month. No significant change in the electrode performance
was observed during 5 months. This indicated that its
lifetime was longer than five months. It must be noted that
these data are on the basis of the same electrode, without
any surface renewal step.

Table 2. Potentiometric selectivity coefficient values, KCRZ,X
MPM

(Electrode CPE5).

Interfering, X Log KCRZ,X
MPM Interfering, X log KCRZ,X

MPM

Hydroxyzine �2.2 Pyrrole �3.9
Promethazine �4.2 Aniline �4.0
Salbutamol �4.0 KNO3 �3.4
Piperazine �3.2 NaNO3 �4.8
Difenhydramine �4.6 NaCl �4.8
Pipyridine �3.5 Ca(NO3)2 �3.6
Tri-ethyl amine �3.3 NaH2PO4 �4.3
Terfenadine �4.4 Mg(NO3)2 �3.8
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3.7. Accuracy

The accuracy of the measurements by means of the
described potentiometric procedure was checked by calcu-
lating the recovery of a known cetirizine concentra-
tion (5.0� 10�5 M). The mean percentage recovery, ob-
tained by applying the calibration curve method, was 98.5%
(n¼ 3).

3.8. Reproducibility

This analytical performance was evaluated with five re-
peated potentiometric measurements of the 1.0� 10�5 M
cetirizine solution. The precision of the described procedure
in terms of relative standard deviation was 6.5%.

3.9. Analytical Application

3.9.1. Analysis of Cetirizine Tablets

The proposed described potentiometric procedure was
successfully applied for the cetirizine determination in
tablets. The resulting data, using the calibration curve
procedure, were statistically compared with the labeled
amounts on the tablets and those obtained by the official
chromatographic method (Table 3) [40].

3.9.2. Cetirizine Assay in Spiked Human Serum

The proposed potentiometric procedure was also success-
fully applied to assay of cetirizine in spiked human serum.
The results of the recovery studies are listed in Table 4. The
recoveries of the methods were in the range of 96.6%–

110.2% for the spiked serum. Consequently, it was con-
cluded that the suggested method was sensitive and precise.

3.9.3. Cetirizine Assessment in Spiked Human Urine

As another application of the present electrode to a real
sample, the quantitative cetirizine determination and re-
covery in human urine samples were carried out. Recovery
studies were conducted with the sample containing various
cetirizine amounts. The calibration curve for urine samples
was also prepared using the buffer solution. These calibra-
tion solutions contained cetirizine in the range of 5.0� 10�6
M to 1.0� 10�4 M and the buffer solution (10 mL from the
standard cetirizine solutionwere dilutedwith 2 mL from the
buffer solution). The results of the recovery studies are
summarized in Table 4, varying from 102% to 108% for
urine.

4. Conclusions

Molecular imprinting is an exciting andpromising technique
that is being increasingly adopted as a platform for creating
responsive materials like electrochemical sensors. Molecu-
larly imprinted materials offer an opportunity to design
suites of materials/recognition elements for the same target
analyte with unique binding characteristics and subsequent
responses. In line with the deriving data of this study, the
potentiometric method employing the MIP doped in a
carbonpaste electrode provided an attractive alternative for
the cetirizine assessment. The described procedure intro-
duces a new strategy to construct a potentiometric chemo-
sensor for the specific, rapid and simple cetirizine detection
in pharmaceutical formulations and human blood. Its
accuracy, reproducibility, simplicity and selectivity suggest

Table 3. Cetirizine assay in tablets formulations by means of the described potentiometric procedure and the official chromatographic
method.

Sample Claimed value
(mg/tablet)

Amount added
(mg)

Found (mg)

Potentiometric HPLC

Tablet 10 – 10.8� 0.7 (n¼ 3) 10.4� 0.5 (n¼ 2)
10 10.0 19.0� 1.3 (n¼ 3) 19.4� 0.9 (n¼ 2)

Table 4. Application of the CPE5 to the cetirizine concentration measurements in urine and serum samples.

Amount added (M) Urine Serum

Amount found [a] (M) Recovery (%) Amount found [a] (M) Recovery (%)

5.0� 10�6 5.40 (�0.4)� 10�6 108 5.51(�0.3)� 10�6 110.2
1.0� 10�5 1.06 (�0.06)� 10�5 106 – –
5.0� 10�5 – – 5.16 (�0.3)� 10�5 103.2
1.0� 10�4 1.02 (�0.07)� 10�4 102 1.04 (�0.07)� 10�4 104
5.0� 10�4 – – 4.83 (�0.19)� 10�4 96.6

[a] Average of three determinations
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its application in the quality control analysis and clinical
laboratories.
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