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Voltammetry and Flow Injection Analysis with Amperometric
Detection for Sensitive Sodium Metamizole Determination on
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Novel, rapid and high sensitive voltametric methods and flow injection analysis were proposed for the determination of sodium
metamizole on glassy carbon electrode modified with single-walled carbon nanotube with Nafion composite film. The results showed
that SWCNT/Nafion remarkably enhanced the oxidation of metamizole which improved the anodic peak current of metamizole
significantly. Under the optimized conditions peak current was proportional to sodium metamizole concentration in the range from
0.15 to 5 μM (DPV method) and from 20 to 100 μM (FIA method). The detection limit was 13 nM for DPV and 0.4 μM for FIA
determination. The RSD for proposed methods were equal to 4.1% (n = 9) and 2.4% (n = 7) for voltammetry and FIA measurement
respectively. Proposed methods were successfully validated by studying the recovery of metamizole in drugs and urine.
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Sodium metamizole (Fig. 1) is known as dipyrone or analgin, is a
crystalline powder soluble in water and in alcohol. It is nonsteroidal
anti-inflammatory drug which present strong analgesic, antipyretic,
spasmolytic activity.1,4,8 Sodium metamizole is recommended for
treating pain related to colic affecting biliary, urinary tracts, the gas-
trointestinal and also for fever.2 The biotransformation of dipyrone
occurs in liver and takes approximately 5 hours. Metamizole can
occasionally causes negative reaction such as transitory renal distur-
bances and inflammation of the renal tissue,3 agranulocytosis4 and
negative effect on the bone marrow.5 Because of possibly side effect
for human health sodium metamizole has been withdrawn from the
drug market in Northern Europe, USA, Japan and Australia,6,29 but it
is still very popular in other part of Europe and Latin America.9

Nowadays various analytical procedures have been proposed to
determinate sodium metamizole such as: spectrophotometry,7,8

capillary electrophoresis,9,10 UV,11 chemiluminescence;12,13

chromatography;14,15 titrimetry,16 flow injection analysis with
amperometric,17–19 bioamperomteric,20 spectrophotometric21,22,30

detection. So far in the literature several voltammetry methods were
also described using: GC electrode,23 carbon nanotube modified
graphite-epoxy resin composite (GrEC) electrode,24 platinum
electrode coated with polymeric nickel-salen film,3 carbon-paste
electrode modified with N,N′-ethylenebis(salicylideneaminato)
oxovanadium(IV),25 nano-riboflavin-modified glassy carbon
electrode. Nevertheless some of these methods are expensive,
time-consuming, low sensitive and require sample pretreatments.
Thus, developing sensitive, selective and relatively cheaper methods
compare to these described in the literature was needed.

In the work novel, fast, relatively cheap and high sensitive dif-
ferential pulse voltammetry (DPV) and flow injection analysis (FIA)
with amperometric detection on glassy carbon electrode modified with
single-walled carbon nanotubes (SWCNT) and Nafion composite film
were proposed for the determination of metamizole. To the best of our
knowledge single-walled carbon nanotubes with Nafion have not been
applied in voltammetric and FIA determination of metamizole that is
undoubted novelty of the work. The influence of various instrumen-
tal parameters as well as potential interferences were analyzed. The
practical applications of proposed method have been successfully ex-
amined by the determination of metamizole in pharmaceutical samples
and urine.

zE-mail: rpiech@agh.edu.pl

Experimental

Apparatus and software.—Voltammetric measurements were per-
formed using a multipurpose Electrochemical Analyzer M161 with
the electrode stand M164 (both MTM-ANKO, Poland). A typical
three-electrode quartz cell (volume 20 mL) was used, including GC
electrode (diameter 3 mm, Mineral, Poland) modified with SWCNT/
Nafion as working electrode, a double junction reference electrode
Ag/AgCl/KCl (3 M) with replaceable outer junction (3 M KCl) and a
platinum wire as an auxiliary electrode. Stirring was performed using a
magnetic bar (Flea micro, Aldrich) rotating at approximately 500 rpm.

Flow injection analyses with amperometric detection were carried
out using Autoburette Abu12 (Radiometer, Copenhagen) as a pump
and Electrochemical Analyzer M161. The measurements were also
performed in three-electrode thin-layer flow cell configuration using
similar electrode as in voltammetry except that the diameter of the
working electrode was 1 mm. The body of flow cell was fabricated
with polycarbonate.

pH measurements were performed with laboratory pH-meter (N-
512 elpo, Polymetron, Poland). All experiments were carried out at
room temperature.

Measurements, data acquisition and pre-processing of data were
performed using EAGRAPH software from MTM-ANKO, the fi-
nal data processing was obtained by OriginPro 8.0 (OrginLab
Corporation).

Chemicals.—Sodium metamizole was purchased from Sigma-
Aldrich. The standard stock solutions of metamizole (0.01 M) were
prepared by dissolving proper amount of analyte in double distilled
water. The working standard solution of metamizole was made by di-
lution of stock solution. KH2PO4, K2HPO4 were obtained from Merck
and H3PO4 was obtained from CHEMAN (Poland). The single-walled
carbon nanotubes (purity >95%, outside diameter < 2 nm, length
5–30 μm) were purchased from Nanostructured & Amorphous

Figure 1. Chemical structure of sodium metamizole.
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Materials Inc., (USA). Nafion (5% wt solution in a mixture of lower
aliphatic alcohols and water) as well as K3Fe(CN)6 were purchased
from Aldrich.

Electrode modification.—In order to prepare the electrode modi-
fication mixture 10 mg of single-walled carbon nanotubes was added
to 10 mL of ethanol and Nafion (final Nafion concentration 0.1%).
To obtain homogeneous mixture SWCNT/Nafion was sonicated for
2 hours.

The bare GC electrode was polished with 0.05 μm alumina slurry
on a polishing cloth, entirely rinsed with water and ultrasonically
cleaned for 3 minutes in distilled water. After all, electrode surface was
once again washed in distilled water. Dry and clean electrode surface
was covered with 10 μL of SWCNT/Nafion composite film and then
allowed to evaporate solvent at room temperature. Before applying
the SWCNT/Nafion, mixture was homogenized using an ultrasonic
bath. Electrode preparation was the same for both voltammetric and
FIA measurements. GC electrode modification with SWCNT/Nafion
composite film is a very easy and cheap process. It takes about 20
min, including 5 min for cleaning and polishing electrode surface and
about 15 min to evaporate the solvent.

Electrochemical measurement procedures.—Quantitative mea-
surements of sodium metamizole were performed using differential
pulse voltammetry (DP) and the standard addition procedure. The
electrochemical behavior of the GCE modified with SWCNT/Nafion
composite film was investigated using cyclic voltammetry (CV).
Voltammograms were obtained by scanning the potential from 0 to
900 mV for DPV and from 0 to 850 mV for CV technique. Before
each DPV registration scan the potential of 900 mV was applied to
clean the electrode surface for 2 s. Quantitative measurements were
carried out in 0.1 M phosphate buffer (pH 2.2) in optimized instru-
mental condition - step potential: 5 mV, pulse potential: 100 mV, time
step potential: 40 ms (20 ms waiting + 20 ms sampling time).

Flow injection measurements were carried out in 0.1 M phosphate
buffer (pH 2.2) at flow rate 1.5 ml/min. As a working potential for
FIA analysis a value of 1300 mV was chosen.

Sample preparation.—Pharmaceutical samples: Scopolan com-
positium (Herbapol, Poland) and Pyralgina Sprint (Polpharma,
Poland) were supplied from local pharmacy. Three tablets of Scoplan
compositium (250 mg sodium metamizole per tablet) were crushed to
the final powder, weighted and dissolved in distilled water. 1 sachet of
Pyralgina Sprint (500 mg of magnesium metamizole per sachet) was
transferred into 100 mL volumetric flask and was filled with distilled
water. Before quantitate measurement drug samples were dissolved
10 times in distilled water. Then appropriate volume of the sample
was added to the voltammetric cell. Any further treatment was not
necessary for these samples.

Human urine was obtained from healthy volunteer. Firstly sample
was vortexing for 60 s and then centrifuged for 5 min at 6000 rpm.
For DPV determination of metamizole 200 μL of the urine was added
directly to the voltammetric cell with the supporting electrolyte (total
volume 10 mL).

Results and Discussion

Characteristic of the working electrode.—Fig. 2 presents elec-
trochemical response to 1 mM K3Fe(CN)6 at bare GC electrode,
SWCNT/Nafion electrode and MWCNT/Nafion electrode. The elec-
trochemical signal of K3Fe(CN)6 is significantly enhanced at modified
electrode (a, b curves on Fig. 2) which improve magnitude of redox
and oxidation peak current. Based on the Randles–Sevcik equation:28

Ip = 268.600 n
3
2 C D

1
2 v

1
2 A

electrode active surface (A) could be calculated. For 1 mM
K3Fe(CN)6, electron transfer n = 1; the diffusion coefficient D =
7.6 · 10−6 cm2s−1, the scan rate v = 100 mVs−1. Thus, active sur-
face for bare GC electrode was calculated to 0.062 cm2 and for

Figure 2. Cyclic voltammograms at (a) – SWCNT/Nafion GC electrode;
(b) - bare GC electrode; (c)- MWCNT/Nafion electrode with 1 mM K3Fe(CN)6
in 1 M KCl at scan rate 100 mV s–1. Amount of carbon nanotubes: 10 μL.

MWCNT/Nafion was 0.13 cm2. Surface area for SWCNT/Nafion
electrode (A = 0.24 cm2) was nearly four time greater than bare
GC electrode and a half times higher than MWCNT/Nafion electrode.
Fig. 3 illustrated SEM image of SWCNT/Nafion composite film on
glassy carbon electrode.

Cyclic voltammetry studies (CV).—The effect of the scan rate
(range from 5 to 250 mVs−1) on the sodium metamizole peak cur-
rent using GC electrode modified with SWCNT/Nafion composite
film was investigated. As shown in Fig. 4 clear, high oxidation peak
and small reduction peak are visible. It may indicate about quasi-
reversible electrode process. The peak current (Ip) versus square root
of scan rate (v1/2) gave straight line until 250 mVs−1. This suggests
that electrode reaction process is controlled by the diffusion. Obtained
linear regression equation was:

Ip = 1.3v1/2 − 1.4 [μA] , r = 0.996

Figure 3. SEM image of SWCNT/Nafion composite film on the glassy carbon
electrode.
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Figure 4. Cyclic voltammograms on the SWCNT/Nafion modified GCE con-
taining 1 · 10−4 M sodium metamizole in 0.1 M phosphate buffer (pH 2.2).
Scan rate in the range from 5 to 500 mVs−1 (Fig. inner – dependence of the
metamizole peak current on square root of scan rate).

The anodic peak potential shifts toward more positive potentials with
the increasing scan rate. Straight line between peak potential (Ep)
and natural logarithm of scan rate (Fig. 5A) followed the regression
equation:

E p = 0.026ln (v) + 0.28 [V ] , r = 0.990

Based on the theory for quasi-reversible and irreversible electrode
reaction,27 the linear relationship of Ep – v ought to obey equation:

E p = E0 + RT
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From the slope Ep versus ln(v), αn = 0.49 could be obtained and the
electron participated in electrode reaction could be calculated to be 1,
when assuming transfer coefficient (α) was 0.5.

Number of protons participated in electrode reaction within pH
range from 2.2 to 6.0 was also examined. Plot of Ep vs. pH (Fig. 5B)
was linear with a slope of 0.050, which is close to theoretical value
0.059. It indicated that number of electrons and protons participating
in electrode reaction process was equal, so number of protons could
be also 1.

Oxidation electrode mechanism of sodium metamizole is
complicated.8–10,24 Analytical metamizole peak is most likely related
with methylamino-N-methanesulfonate group.

Influence of instrumental parameters.—Instrumental parameters
of the DPV method like step potential-Es, pulse amplitude-�E, wait-
ing -tw and sampling time-ts have been employed in various range to
choose the best value of each parameter. Sodium metamizole peak
current increased with the increasing value of step potential-Es and
pulse amplitude-�E. Es was examined in range from 1 to 7 mV. Be-
cause of the most effective signal growth up to 5 mV, this value was
chosen for further measurements. Pulse amplitude was investigated
in both positive and negative mode from 5 to 100 mV. Anodic peak
current increased linearly up to 100 mV, narrow peak shape was also
preserved. Pulse amplitude (dE) of 100 mV has high background cur-
rent but still acceptable, therefore 100 mV was selected as an optimal
pulse amplitude value. Waiting and sampling time were investigated
in range from 10 to 50 ms. Due to the good ratio of peak current
to the current background and the optimum peak potential in further
measurements was used tw and ts equal to 20 ms.

Parameters such as preconcentration time (tacc) in range from 0
to 240 s and preconcentration potential from −300 to 200 mV have
been also investigated. Result showed peak current increased with
the increasing of tacc increment. When the preconcentration time was
greater than 60 s, the peak current tended to stabilize. Sodium metami-
zole peak slightly decreased with increasing of accumulation potential
with the optimal value 0 mV. Experiments have shown the possibility
of increasing analyte concentration on the electrode surface however,
for further measurements tacc has not been applied.

Influence of the volume of SWCNT/Nafion.—Sodium metami-
zole could be determined simply using the glassy carbon electrode.23

However, obtained analytical signal was very low due to the low sen-
sitivity of this electrode. In order to determine sodium metamizole
on the trace level more sensitive method should be applied. For this

Figure 5. A: Dependence of the sodium metamizole peak potential on ln of scan rate in the range from 10 to 500 mVs−1 for 1 · 10−4 M sodium metamizole in
0.1 M phosphate buffer (pH 2.2). B: Dependence of the sodium metamizole peak potential on pH in range from 2.2 to 6.0 for 1 · 10−4 M sodium metamizole in
0.1 M phosphate buffer. Scan rate 100 mVs− 1.
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Figure 6. A: The DPV Voltammograms for 25 μM sodium metamizole obtained for GC electrode modified with SWCNT/Nafion and MWCNT/Nafion composite
film in 0.1 M phosphate buffer (pH 2.2). B: Dependence of the peak current on volume on SWCNT/Nafion on GC electrode in the range of 0 to 20 μl for 25
μM sodium metamizole in 0.1 M phosphate buffer (pH 2.2) and obtained voltammograms for: (a) − 0; (b) − 2; (c) − 5; (d) − 10; (e) − 20 μL SWCNT/Nafion.
Instrumental parameters: �E = 100 mV, Es = 5 mV, tw , ts = 20 ms.

purpose GC electrode was modified with popular carbon nanotubes.
One electrode was coated with single-walled carbon nanotubes
(SWCNT) with Nafion and the second one with multi-walled car-
bon nanotubes (MWCNT) with Nafion as well. As can be observed
(Fig. 6A), the peak current of sodium metamizole is much higher
using GC electrode modified with SWCNT/Nafion film than with
MWCNT/Nafion electrode. Higher peak current of sodium metami-
zole using SWCNT/Nafion than MWCNT/Nafion GC electrode is
related with higher electrode active surface.

Figure 6B presents influence of the volume of SWCNT/Nafion film
on metamizole peak current. For bare GC electrode peak current was
Ip = 1.5 μA. Presence and increase the volume of SWCNT/Nafion
film caused increase of the analytical signal. As an optimal volume
of SWCNT/Nafion a 10 μL of solution (Ip = 32.05 μA) was chosen.
Single-walled carbon nanotubes caused 21-fold increase in peak cur-
rent compare to the bare GC electrode. Electrode coated with higher
amount of SWCNT/Nafion characterized lack of reproducibility and
durability.

Influence of electrolyte composition and pH on sodium metami-
zole peak.—The relationships between supporting electrolytes such
as 0.1 M KCl (pH 6.8), KNO3 (pH 6.9), acetate buffer (pH 3.8), 0.1 M
phosphate buffer (pH 2.2) metamizole peak current were examined.
The highest analytical signal was obtained in phosphates buffers.

Figure 7 illustrates dependences between peak current and pH in
range from 2.2 to 5.5 and obtained voltammograms. It was found that
the peak current increases when the environment becomes more acidic,
for pH = 5.5 Ip was equal to 9.7 μA and for pH = 2.2 current was
33.5 μA. At pH = 6.0 double peak of the analyte was observed,
in an alkaline pH detection of the analyte was virtually impossible.
When pH was more acidic the peak potential was shifted toward more
positive potentials. For pH = 5.5 peak potential was equal to 129
mV and for pH = 2.2 was 330 mV. Acidic media show higher an-
odic metamizole peak current, which indicates that acid environment
promote oxidation of the drug. Obtained results are similar with re-
sults described in Refs. 10, 17, therefore the pH of 2.2 for further
measurements was used.

Interferences.—Under optimized experimental condition several
potential interferences for sodium metamizole determination were

analyzed. The results shows that ions such as Ca(II), Mg(II) in 50-
fold excess, Mn (II), Cd (II), Pb (II), Cu (II) in 10-fold excess, glucose
(25 mgL−1) and citric acid (30-fold excess) had no influence on peak
current of the sodium metamizole.

Organic compound like ascorbic acid in 25-fold excess caused
10% decrease of analytical signal. With increasing concentration of
citric acid, sodium metamizole signal slightly decreased. For 300-
fold excess of ascorbic acid analyte signal was lower by 50%. Strong
interfering substance for metamizole measurements was non-ionic
surface-active compound (Triton X-100). Analytical signal was drop-
ping rapidly with increasing concentration of Triton X-100, the addi-
tion of 8 mgL−1 of this compound caused 90% decrease compared to
the initial signal.

Other analgesic pharmaceuticals such as codeine or paracetamol
and neurotransmitter-dopamine have been also examined. Obtained
results showed that dopamine and codeine had no effect on the

Figure 7. Dependence of the peak current on pH in the range from 2.2 to
5.5 for 25 μM sodium metamizole in 0.1 M phosphate buffer, volume of
SWCNT/Nafion 10 μL and obtained voltammograms for: (a) − 6.0; (b) – 4.9;
(c) – 3.8; (d) – 3.0; (e) – 2.7; (f) – 2.2 pH. All other conditions are as in Fig. 4.
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Figure 8. (A) – Metamizole calibration curves obtained for preconcentration times: (c) – 15 s, (b) 30 s and (a) 90 s in 0.1 M phosphate buffer (pH 2.2) and
corresponding voltammograms (B) for preconcentration time 90 s. Amount of SWNT/Nafion 10 μL. All other conditions are as in Fig. 4.

Table I. Recovery and precision of the determination of sodium
metamizole for DPV method.

Added [μM] Found [μM] Recovery [%] RSD [%]

0.55 0.54 98 5.7
0.75 0.76 101 5.3
1.25 1.3 104 4.6

metamizole signal up to 4 μM, above these concentration dopamine
peak significantly worse conditions of metamizole determination due
to its similar oxidation potential. Paracetamol in 100-fold excess did
not interfere.

Analytical performance.—Relationships between peak current
and concentration of sodium metamizole were examined using DP
SV. Fig. 8 presents obtained voltammograms of sodium metamizole
calibration curve and for preconcentration time of 15, 30 and 90 s.
Anodic peak current and metamizole concentration showed linear re-
lationship in the range of 0.15 to 5 μM. The regression equation for
90 s of preconcentration time was:

Ip = 41.26 · Csm [μM] + 1.20 [μA] , r = 0.998

Results demonstrated that the longer preconcentration time, the lower
detection limit was obtained. The detection limit obtained for 15 s of
preconcentration time was 84 nM, for 30 s was 53 nM and for 90 s of
preconcentration time was 13 nM. Precision and recovery (based on
three repetition of analysis) were determined using standard addition
method for different samples spiked by 0.55 μM, 0.75 μM and 1.25
μM of sodium metamizole (Table I).

In order to validate proposed method, metamizole was deter-
mined in Scopolan compositium, Pyralgina Sprint and urine sam-
ples by standard addition method. Results from metamizole mea-
surement are presented in Table II. Before quantitate measurement
drug samples were diluted 10 times in distilled water. Total content
of metamizole in Scopolan compositium was 251.5 ± 1.7 mg/tablet
and in Pyralgina Sprint was 484 ± 6 mg/sachet. These results are
in good agreement with values declared by the producers i.e. 250
mg/tablet and 500 mg/sachet of metamizole for Scopolan and Pyral-
gina Sprint respectively. The recoveries for drugs samples were in
the range from 97 to 106% and for urine sample the recovery was
in the range from 98 to 110%. The analytical usefulness, of the
presented method for the determination of metamizole in urine and
drug samples was confirmed. Obtained results showed that proposed
method was successfully applied for metamizole determination in real
samples.

Table II. Result obtained for the sodium metamizole determination in pharmaceutical formulation and urine.

Sodium metamizole found x ± s (recovery, %)

Sodium metamizole added Urine [μM] Scopolan compositium (mg/tablet)a Pyralgina Sprint (mg/sachet)b

0 - 251.5 ± 2 484 ± 10
5 μM 4.8 ± 0.02 (98) - -
10 μM 11.0 ± 0.07 (110) - -
15 μM 16.5 ± 0.06 (109) - -
20 μM 19.8 ± 0.1 (99) - -

250 mg 531 ± 7 (106) -
500 mg - 956 ± 9 (97)

aProduct declared 250 mg/tablet
bProduct declared 500 mg/sachet
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Figure 9. Dependence of the peak current on applied working potential in the
range from 400 to 1400 mV on GC electrode modified with SWCNT/Nafion
film in 0.1 phosphate buffer (pH 2.2). Flow rates: 1.5 ml/min.

Flow injections analysis.—Flow injection analysis was performed
under optimized condition. Working potentials for 50 μM of sodium
metamizole were investigated in range from 400 to 1400 mV
(Fig. 9). Results indicated that the peak current increased with in-
creasing of working potential up to 1300 mV, higher value caused
that signal increased insignificantly. For further measurements 1300
mV of working potential was used. The effect of the flow rate on
metamizole signal was studied by applying different flow rate (0.75;
1.5; 3 [ml/min]) and measuring the peak current. The result showed
that flow rate practically has no effect on analytical signal. Due to
slightly higher current peak 1.5 ml/min was selected as an optimal
flow rate.

Figure 10 illustrates the fiagrams for different sodium metamizole
concentration in 0.1 M phosphate buffer (pH = 2.2) for bare glassy
carbon electrode and modified with SWCNT/Nafion composite film.
The calibration graph was prepared by plotting the peak current and
metamizole concentration in the range from 20 to 100 μM. Linear
equation for GC electrode modified with SWCNT/Nafion was equal:

Ip = 0.053 · Csm [μM] − 0.04 [μA] , r = 0.997

The detection limit obtained for bare GC electrode was 3 times
lower compared to SWCNT/Nafion modified electrode. DL for
SWCNT/Nafion electrode was calculated to 0.4 μM. Other types
of electrodes (Table III) reported in the literature characterized lower
detection limit than proposed in the presented work. Nevertheless,
carbon nanotubes (single or multi-walled carbon nanotubes) so far

Figure 10. FIA peaks for different sodium metamizole concentration in range
20–100 μM and calibration curves (inset graph) on bare glassy carbon elec-
trode (curve b) and GC electrode modified with SWCNT/Nafion (curve a)
in 0.1 phosphate buffer (pH 2.2). Flow rates: 1.5 ml/min, working potential:
1300 mV.

have not been used for metamizole determination in flow injection
analysis.

The relative standard deviation (RSD) for 7 signal repetitions
of 50 μM sodium metamizole using GC electrode modified with
SWCNT/Nafion was calculated to 2.4%.

In order to validate FIA procedure, sodium metamizole was deter-
mined in pharmaceutical samples (Scopolan compositium and Pyral-
gina Sprint). The measurements were performed using standard addi-
tion method. Obtained recovery was in range from 105 to 110%.

Conclusions

The work presents new method for sodium metamizole determina-
tion. Proposed DPV method allows to determine analyte at trace level
and obtained detection limit in 0.1 M phosphate buffer (pH 2.2) for
preconcentration time of 90 s was 13 nM. For the FIA measurements
were also observed growth of analytical signal using modified elec-
trode. Obtained detection limit using proposed GC electrode modified
with SWCNT/Nafion film in DPV method is significantly higher than
those described in the literature (Table III). The detection limit ob-
tained for flow injection analysis has been generally higher compared
to other methods and linear range is sufficient for the determination
of metamizole (Table III).

Table III. Voltammetric and flow injection detection of sodium metamizole at various electrodes.

Electrode Linear range Detection limit Reference
Voltammetry

GC 40 μM –1 mM 4.41 μM 23
GrEC/MWCNT/EDC-NHS 2.5 mM – 0.4 mM 1.4 μM 24

CP/ [VO(Salen)] 9.9 μM –2.8 mM 7.2 μM 25
Pt/Ni-Se complex 4.7 μM –110 μM 1.2 μM 3

RF/GC - 0.4 μM 26
GC/SWCNT/Nafion 0.15 μM – 5 μM 13 nM This work

FIA analysis
CP 4.91 μM – 0.25 mM 2.07 μM 17

CoPc 5 μM – 6.3 mM 15 μM 19
Pt wire 29 μM – 0.15 mM 0.27 μM 20

solid-phase reactor / Cu3(PO4)2(s) 50 μM – 0.4 mM 20 μM 21
PDAB 29 μM – 1.2 mM 2.9 μM 22

GC/SWCNT/Nafion 20 μM – 0.1 mM 0.4 μM This work
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Repeatability of the method expressed as the relative standard
deviation (RSD) is good. For proposed DPV method at 25 μM con-
centration level of sodium metamizole RSD was 4.1% (n = 9). In flow
injection analyses RSD at 50 μM concentration level was calculated
to 2.4% (n = 7). Acceptable recovery (97–110%) confirms the ana-
lytical usefulness of presented methods for metamizole determination
in drugs and urine.

Proposed methods are fast, relatively cheap and high sensitive,
characterized with good repeatability and ease of working electrode
preparation.

Acknowledgments

The work was supported by Ministry of Education and Science
(AGH-UST University Project No. 11.11.160.799).

References

1. I. Nikolova, J. Tencheva, J. Voinikov, V. Petkova, N. Benbasat, and N. Danchev,
Biotechnol. Biotec. Eq., 26, 3329 (2012).

2. M. Levy, E. Zylber-Katz, and B. Rosenkranz, Clin. Pharmacokinet., 28, 216 (1995).
3. M. F. S. Teixeira and T. R. L. Dadamos, Procedia Chem, 1, 297 (2009).
4. M. L. Altun, Turk J Chem., 26, 521 (2002).
5. I. Nikolova, V. Petkova, J. Tencheva, N. Benbasat, J. Voinikov, and N. Danchev,

Biotechnol. Biotec. Eq., 27, 3605 (2013).
6. T. R. L. C. Paixao, R. C. Matos, and M. Bertotti, Talanta, 61, 725 (2003).
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