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A carbon paste electrode (CPE) modified with feergicarboxylic acid (FCD) and carbon nanotubes
(CNTs), was prepared for simultaneous determinabibphenylhydrazine (PHZ) in the presence of
hydrazine (HZ). The electrochemical response charatics of the modified electrode toward PHZ
and HZ were investigated by differential pulse apitmetry (DPV). The results showed an efficient
catalytic role for the electro-oxidation of PHZ aHd, leading to a remarkable peak resolutid®00
mV) for two compounds. The mechanism of the modifidectrode was analyzed by monitoring the
CVs at various potential sweep rates and pHs obtH&er solutions. Under the optimum conditions,
the calibration curve for PHZ was obtained in taage of 7.0x18 to 9.0x1¢" M. The prepared
modified electrode shows several advantages suctingsle preparation method, high sensitivity,
long-time stability, ease of preparation and regatnen of the electrode surface by simple polishing
and excellent reproducibility. The proposed methas applied to determination of PHZ and HZ in
urine and water samples and the obtained resutes setisfactory.

Keywords: phenylhydrazine, hydrazine, carbon paste electrcatbon nanotubes,
ferrocenedicarboxylic acid.
1. INTRODUCTION

Carbon paste electrode (CPE) is a special kincetdrbgeneous carbon electrode consisting of
mixture prepared from carbon powder (as graphitessy carbon and others carbonaceous materials)
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and a suitable water-immiscible or non-conductingder [1-3]. The use of carbon paste as an
electrode was initially reported in 1958 by Adam. [In afterward researches a wide variety of
modifiers including enzymes [5-8], polymers (nafichitosan, etc.) [9-13] and nanomaterials [14—-16]
have been used with these versatile electrodess GirEwidely applicable in both electrochemical
studies and electroanalysis thank to their advastagch as very low background current (compared
to solid graphite or noble metal electrodes), fgcilo prepare, low cost, large potential window,
simple surface renewal process and easiness ohtmization [17-19]. Besides the advantageous
properties and characteristics listed before, #asibility of incorporation different substancesidg

the paste preparation (which resulting in the dtedamodified carbon paste electrode), allow the
fabrication of electrodes with desired compositiangd hence, with pre-determined properties [20, 21]
Since the discovery of carbon nanotubes (CNTsP®11[22], numerous investigations were focused
on the studies of their properties and applicat[@8s-25]. Because of the special tube structureTN
possess several unique properties such as gootlicgleconductivity, high chemical stability and
extremely high mechanical strength [26, 27]. Initold, the subtle electronic behavior of CNTs
reveals that they have the ability to promote etectransfer reaction and have a high electrocataly
effect when used as electrode materials [28, 29]th&se fascinating properties make CNTs as a
suitable candidate for the modification of elecesd30, 31].

The electrochemical methods using chemically mediklectrodes (CMEs) have been widely
used as sensitive and selective analytical metfaydbe detection of the trace amounts of bioloyca
important compounds [32, 33]. One of the most ingdrproperties of CMEs has been their ability to
catalyze the electrode process via significant elsing of overpotential respect to unmodified
electrode. With respect to relatively selectiveeiattion of the electron mediator with the target
analyte in a coordination fashion, these electr@tescapable to considerably enhance the selactivit
in the electroanalytical methods [34, 35].

The hydrazines —which are extensively used in laboyaindustrial and therapeutical settings
— are toxic and can cause irreversible cellular dmEmEB6]. A variety of toxic effects of the
hydrazines have been described, including autoinemdisturbances in humans [37], human
leukemogenesis 38], alterations in the liver, kigneentral nervous system [36], hemolytic anemia
[39], and cancer [40]. Phenylhydrazine (PHZ) intaxion leads to hemolysis resulting in severe
hemolytic anemia and reticulocytosis [39], and &pdtic and splenic iron overload [41] causing a
number of pathophysiological changes, e.g. fagrl{42] and hepatocyte necrosis [43]. PHZ-induced
free iron release [6], followed by free radical geation, is a likely mechanism of its toxicity. it
known, for example, that PHZ induces oxidative dgendo hemoglobin [44], to membrane
phospholipids and proteins in human erythrocytes] [@nd it generates free radicals and reactive
oxygen species [46]. PHZ is one of the most potantinogens belonging to the hydrazine family of
molecules. Iron often plays a central role in oxida stress since, once released from its binding
molecules, it becomes free iron which acts locfdly], as well as diffusing to adjacent cells [48],
where it generates free radicals that destroy éiasemacromolecules. In conditions of iron overload
an increased risk of cancer, e.g. hepatocellularimama [49], has been noted. Similarly, human and
mouse colon cancer related to dietary iron overld8d 51] have been reported. Hence simple, rapid,
highly sensitive and accurate methods are requanethe determination of trace amount of hydrazine
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derivatives in samples. Several methods have begorted for the determination of hydrazine and
phenylhydrazine. These, include titrimetry [52],espophotometry [53] and kinetic methods [54].
Electrochemical methods provide useful alternatsiase they allow faster, cheaper and safer arsalysi
[55, 56].

To our knowledge, no study has reported the eleatatytic and simultaneous determination of
PHZ and HZ by using ferrocenedicarboxylic acid rfiedi carbon nanotube paste electrode
(FCDMCNPE). Thus, in the present work, we descrimgially the preparation and suitability of a
FCDMCNPE as a new electrode in the electrocatatysisdetermination of PHZ in an aqueous buffer
solution and then we evaluated the analytical parémce of the modified electrode in quantification
of PHZ in the presence of HZ. Finally, in orderdemonstrate the catalytic ability of the modified
electrode in the electrooxidation of PHZ and HZréal samples, we examined this method for the
voltammetric determination of PHZ and HZ in urinelavater samples.

2. EXPERIMENTAL

2.1. Apparatus and chemicals

All the cyclic voltammetric measurements were perfed using a BHP 206Electrochemical
Analysis System, Behpajooh, Iran potentiostat/gadetat coupled with a Pentium IV personal
computer connected to a HP laser jet 6L printer.

An Ag / AgCl / KCI 3 M, a platinum wire, and a FCDBNPE were used as reference,
auxiliary and working electrodes, respectively. Wil pH/mV meter (Metrohm model 710) was
applied for pH measurements. Graphite powder, fiarafl and reagents were analytical grade from
Merck. PHZ and HZ were purchased from Merck. Muliled carbon nanotubes (purity more than
95%) with o.d. between 10 and 20 nm, i.d. betweamd 10 nm and tube length from 0.5 to 200 nm
were prepared from Nanostruc-tured & Amorphous Malte (USA). The buffer solutions were
prepared from ortho phosphoric acid and its salteé pH range 2.0-12.0.

2.2. Preparation of the electrode

Modified carbon nanotube paste electrodes wereapeepby dissolve 0.01 g of FCD in diethyl
ether and hand mixing with 89-times its weight cdghite powder and 10-times its weight of carbon
nanotube with a mortar and pestle. The solventevaporated by stirring. A 70:30 (w/w) mixture of
FCD spiked carbon nanotube powder and paraffinvag blended by hand mixing for 20 min until a
uniformly-wetted paste was obtained. The paste thvass packed into the end of a glass tulze 8.4
mmi.d. and 10 cm long). Electrical contact was made griting a copper wire into the glass tube at
the back of the mixture. When necessary, a newasenivas obtained by pushing an excess of paste
out of the tube and polishing it on a weighing papmodified carbon paste, prepared in the same
way without adding FCD and carbon nanotube to théure and was used for comparison purposes.
Also, a modified carbon paste disk served as thekiwg electrode for RDE experiments. The body of
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the carbon paste-working electrode was a Teflonwitld a hole (2mm diameter, 5mm deep) bored at
one end for electrode filling. Contact was madehvatplatinum wire through the center of the rod,
which screwed to the RDE device.

3. RESULTS AND DISCUSSION

3.1. SEM characterization

For study surface of modified electrode we used SHMsults show that at a surface of
modified electrode mediator particle and carborohames packed and dispersed homogeneously (Fig.
1).

Figure 1. SEM image of FCDMCNPE

3.2. Electrochemical Behavior of FCDMCNPE

Cyclic voltammetry was employed for investigatiohet electrochemical properties of
FCDMCNPE in a pure buffered aqueous solution (pBi).5The cyclic voltammogram exhibits an
anodic and corresponding cathodic peaks wit B.50 V and E= 0.38 V vs. Ag / AgCl/ KCI 3 M.
The experimental results show well-defined and adpcible anodic and cathodic peaks related to
Fc/F¢ redox couple with quasireversible behavior, beeaf¢he peak separation potentia, = (Epa
— By, is greater than that 59/n mV expected for ansle system. Also, the obtained results from
cyclic voltammetry of this modified electrode inriaus buffered solutions do not show any shift in
the anodic and cathodic peak potentials. Theretbeeglectrochemical behavior of the redox process
of Fc/F¢ in FCDMCNPE is independent on the pH of aqueoligisa.
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The electrode capability for the generation of praducible surface was examined by cyclic
voltammetric data obtained in optimum solution piani five separately prepared FCDMCNPEs
(Table 1). The calculated RSDs for various paramseiecepted as the criteria for a satisfactoryaserf
reproducibility (1 — 4%). This degree of reproduld¥ is virtually the same as that expected foe th

renewal or ordinary carbon paste surface

Table 1. Cyclic voltammetric data obtained for construc’&@DMCNPE in 0.1 PBS (pH 5.0) at 20
mvs™.

Ea(V)[a] Epc(M)[al Ewz(V)[a]  Epa(V)  lpa( A Ipe( A)  a(molceni®) ¢ (mol cni®)
[a]

0.50 0.38 0.44 0.12 1.91 0.81 2.37x10° 2.13x10°
(0.68)[b] (0.76)[b] (0.62)[b] (0.73)[b] (1.94)[b] (1.86)[b] (2.92)[b] (3.17) [b]

[a] Versus Ag / AgCl/ KCI 3 M as reference eledeo
[b] The values in paranthesis indicate the caledld®®SD

In addition, the long term stability of the FCDMCHERvas tested over a three-week period.
The cyclic voltammetry of PHZ at the surface of RMIONPE after the modified electrode was stored
in an atmosphere at room temperature shows theatiadpeak potential of PHZ was unchanged and
the anodic peak current was only decreased lessltiéd % of the initial oxidation peak current. The
antifouling properties of modified electrode towd#lZ and its oxidation product were investigated
by recording the cyclic voltammograms of this maadif electrode before and after using in the
presence of PHZ.

The cyclic voltammetry of PHZ at the surface of REDNPE after 15 repetition cycles at a
scan rate 20 mVsshows the oxidation peak potential of PHZ was feinged and the anodic peak
current was decreased by less than 2.6 %. Howeweegenerated the surface of FCDMCNPE before
each experiment.

3.3. pH Optimization of the Solution

The electrochemical behavior of PHZ is dependenthenpH value of the aqueous solution,
whereas the electrochemical properties of FctEdox couple are independent on pH. Therefore, pH
optimization of the solution seems to be necessaprder to obtain the electrocatalytic oxidation o
PHZ. Thus we studied the electrochemical behavidtHZ in 0.1 M phosphate buffered solutions in
different pH values (2.0< pH<12.0) at the surfatE@DMCNPE by cyclic voltammetry. It was found
that the electrocatalytic oxidation of PHZ at theface of FCDMCNPE was more favored under
acidic conditions than in neutral medium. This appes a gradual growth in the anodic peak current
and a simultaneous decrease in the cathodic peagntun the cyclic voltammograms drawn at the
surface of FCDMCNPE. The results show the anodiakpgotential of PHZ at the surface of
FCDMCNPE was shifted to a less-positive poten#dto, the anodic peak current and the shifted
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potential value for electrooxidation of PHZ arethit an acidic pH. Thus, the pH 5.0 was chosen as
the optimum pH for electrocatalysis of PHZ oxidatat the surface of FCDMCNPE.

3.4. Electrochemistry of PHZ at FCDMCNPE

Fig. 2 depicts the cyclic voltammetric responsesifthe electrochemical oxidation of 350 uM
PHZ at FCDMCNPE (curve f), FCD modified CPE (FCMQHREurve e), CNPE (curve d) and bare
CPE (curve a).

16

1A

=300 450 1200
E/mVv

Figure 2. Cyclic voltammograms of (a) CPE in 0.1M PBS (pl8)5at scan rate 10 mV'sand (b) as
(a) + 350uM PHZ; (c) as (a) and (d) as (b) at the surfacE@DMCNPE and CNPE respectively.
Also, (e) and (f) as (b) at the surface of FCDMGIIH FCDMCNPE respectively.

As can be seen, the anodic peak potential for ¥@aton of PHZ at FCDMCNPE (curve f)

and FCDMCPE (curve e) is about 500 mV, while at@NPE (curve d) peak potential is about 800
mV, and at the bare CPE (curve b) peak potentiabiut 845 mV for PHZ. From these results it is
concluded that the best electrocatalytic effect#biZ oxidation is observed at FCDMCNPE (curve f).
For example, the results are shown that the petdnpal of PHZ oxidation at FCDMCNPE (curve )
shifted by about 300 and 345 mV toward the negatalaes compared with that at a CNPE (curve d)
and bare CPE (curve b), respectively. Similarlyewlwe compared the oxidation of PHZ at the
FCDMCPE (curve e) and FCDMCNPE (curve f); thera idramatic enhancement of the anodic peak
current at FCDMCNPE relative to the value obtainethe FCDMCNPE. In the other words, the data
obtained clearly show that the combination of carbanotube and mediator (FCD) definitely improve
the characteristics of PHZ oxidation. The FCDMCNIRE.1M phosphate buffer (pH 5.0), without
PHZ in solution, exhibits a well-behaved redox tiearc(curve c) upon the addition of 350 pM PHZ,
the anodic peak current of mediator was greatlyeimsed, while the corresponding cathodic peak was
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disappear on the reverse scan of the potentialg¢ciir This behavior is typical of that expected fo

electrocatalysis at chemically modified electroffey.
The effect of scan rate on the electrocatalyticdation of 350 uM PHZ at the FCDMCNPE

was investigated by liner sweep voltammetry (Fjg. 3
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Figure 3. Linear sweep voltammograms of the FCDMCNPE in phesence of 350 M PHZ at
various scan rates; The numbers 1-6 correspon@,t@d, 30, 40, 50, and 60 mVscan rates,
respectively Insets: (A) The variation of the aiequeak currents vs2 (B) Variation of
the scan rate- normalized currer;;t\(illz) with scan rate (C) Tafel plot derived from
the rising part of voltammogram recorded at a sa&10 mVs

The oxidation peak potential shifts with increassogn rates towards a more positive potential,
confirming the kinetic limitation of the electrocheal reaction. Also, a plot of peak heigh)(l
against square root of scan rat?, in range of 10-60 mVfs, was constructed (Fig. 3.A), which was
found to be linear, suggesting that at sufficierérpotential the process is diffusion rather tharfexe
controlled. A plot of the sweep rate normalizedrent (L/v Y2 versus sweep rate (Fig. 3.B) exhibits
the characteristic shape typical of anck@rocess [57].

Fig. 3.C, shows a Tafel plot that was drawn frortads the rising part of the current—voltage
curve recorded at a scan rate of 10 rhVEhis part of voltammogram, known as Tafel red®9, is
affected by electron transfer kinetics between Ridd FCD, assuming the deprotonation of substrate
as a sufficiently fast step. In this condition, tmember of electron involved in the rate determgnin
step can be estimated from the slope of Tafel plaiope 0.088Vdecadeis obtained indicating a one
electron transfer to be rate limiting assumingaadfer coefficient of = 0.33.
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3.5. Chronoamperometric measurements

The chronoamperometry as well as the other eldotroal methods was employed for the
investigation of electrode processes at chemicatipdified electrodes. Chronoamperometric
measurements of PHZ at FCDMCNPE were done by gettia working electrode potential at 600
mV for various concentrations of PHZ (Fig. 4).
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Figure 4. (A) Chronoamperograms obtained at FCDMCNPE in Odhdsphate buffer solution (pH
5.0) for different concentration of PHZ. The nunmbé+7 correspond to 0.0, 0.2, 0.4, 0.6, 0.8,
1.0 and 1.2 mM of PHZ. Inset: plotslofs. t*? obtained from chronoamperograms 2—7

For an electroactive material (PHZ in this caséhwidiffusion coefficient of D, the current for
the electrochemical reaction (at a mass transpuiteld rate) is described by the Cottrell equation
[39]. Under diffusion control, a plot ofversus £ will be linear, and from the slope the value of D
can be obtained (Fig. 4, inset). The meake of the Dvas found to be 5.230°cm?/s.

Also, chronoamperometry can also be employed ttuatathe catalytic rate constant, k, for
the reaction between PHZ and the FCDMCNPE accortiige method of Galus [58]:

IC/ IL: 1/2 1/2: 1/2 (kcbt)l/z (1)
where tis the time elapsed artg}, is the bulk concentration of PHZ. The above equetan be

used to calculate the rate constant of the catatyticess k. Based on the slope of thel versusY?
plot; k can be obtained for a given PHZ concemdratiSuch plots were obtained from the
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chronoamperograms in Fig. 4 ( Not shown). Fromwlees of the slopes an average value of k was
found to be k = 4.0810° M"'s™.

The value of k explains as well as the sharp featdthe catalytic peak observed for catalytic
oxidation of PHZ at the surface of FCDMCNPE. Fipalthe heterogeneous rate constant (&
catalytic reaction was calculated as&67x10° cms®.

3.6. Calibration plot and limit of detection

Differential pulse voltammetry (DPV) was used totemine the concentration of PHZ.
Voltammograms clearly show that the plot of peakent versus PHZ concentration is constituted of
two linear segments with different slopes (slopd:4@ A. M™ for first linear segment and 0.016

A. M™ for second linear segment), corresponding to tifferént ranges of substrate concentration,
0.07 to 30.0 M for first linear segment and 30.0 to 900M for second linear segment.
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Figure 5. Differential pulse voltammograms of the FCDMCNREO.1 M PBS (pH 5.0) containing
different concentrations of PHZ, from inner to auterrespond to 0.07, 1.5, 4, 7,9, 12, 15, 17,

20, 23, 26, 30, 60, 100, 150, 200, 275, 350, 450, 50 and 900 uM of PHZ. Inset: Plot of the
electrocatalytic peak current as a function of RidAcentration in the range of 0.07 to 900

The decrease of sensitivity (slope) in the secanelat range is likely to be due to kinetic
limitation. The detection limit (3) for PHZ in the lower range region was found to4benM.
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3.7. Simultaneous determination of PHZ and HZ abMTNPE

One of the main objectives of the present study tvasdevelopment of a modified electrode
capable of the electro-catalytic oxidation of PHa sseparation of the electrochemical responses of
PHZ and HZ. Using FCDMCNPE as the working electratie analytical experiments were carried
out by varying the HZ concentration in the preseot800 M PHZ in 0.1M phosphate buffer (pH
5.0) and slope was 0.0A. M™ (Fig. 6). Results show that, an increase in thakmairrent of HZ is
observed with increasing HZ concentration and thkkawmnmetric peak of PHZ is almost unchanged
during the oxidation of HZ.
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Figure 6. Differential pulse voltammograms of FCDMCNPE 1. phosphate buffer solution (pH
5.0) containing 800M PHZ and different concentrations of HZ (from inte outer):
10, 30, 100, 200, 300, 450, 600 and 900 mM. Indet:of the electrocatalytic
peak current as a function of HZ concentration.

The utilization of the FCDMCNPE for the simultansodetermination of PHZ and FA was
demonstrated by simultaneously changing the coretgots of PHZ and HZ. The DP voltammetric
results show two-well-defined anodic peaks wittD8 tnV separation of both peaks (Fig. 7), while the
bare carbon paste electrode only gave an overlappedroad oxidation peak. Fig. 7 insets A and B
show the dependence of DPV peak currents on theeotration of PHZ and HZ respectively. The
sensitivity towards PHZ in the absence and preseheZ was found to be 0.016 (absence of HZ) and
0.016 (presence of PHZ)A. M™. It is very interesting to note that the sendies of the modified
electrode towards PHZ in the absence and presdridg,aare virtually the same, which indicate the
fact that the oxidation processes of PHZ and HZhatFCDMCNPE are independent and therefore



Int. J. Electrochem. Sci., Vol. 5, 2010 792

simultaneous or independent measurements of theahatytes are possible without any interference.
If the PHZ signal was affected by the HZ, the abmentioned slopes would be different.

Figure 7. Differential pulse voltammograms of FCDMCNPE inlkl. PBS (pH 5.0) containing
different concentrations of PHZ and HZ (from int@iouter) mixed solutions of 30+10,
175+40, 375+75, 475+100, 525+225, 650+300, 800-€316900+500respectively, in which
the first value is concentration of PHZ iM and the second value is
concentration of HZ inM. Insets: (A) and (B) Plots of the peak currergsa
function of PHZ and HZ concentrations respectively.

3.8. Rotating disk electrode (RDE) voltammetry

To our knowledge, no paper has used rotating deskrede (RDE) voltammetry technique for
PHZ with carbon paste and specially carbon nanopatsée electrodes and in this paper, we used this
technique for the first time by this kind of elextes for PHZ. Thus, the electrocatalytic activify o
FCDMCNPE toward oxidation of PHZ was also evalualsdRDE voltammetry technique. The
steady-state |-E curves were recorded for the tigideof PHZ at EBNBHCNPE under various
experimental conditions. A typical example of th& Icurves (RDE voltammograms) at rotation speed
range 500-2500 rpm is shown in Fig. 8. A for 0.5 sdlution of PHZ.

In the case that the oxidation of PHZ at the s@fBREDMCNPE is controlled solely by the
mass transfer process in the solution, the relghipnbetween the limiting current and rotating spee
should obey the Levich equation [57]:
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| = lLev = 0.620nFABRVS WY (2)

where D,v, W and C are the diffusion coefficient, the kinematdscosity, the rotation speed
and the bulk concentration of the reactant in thlatsn, respectively, and all other parametersehav
their conventional meanings. Based on Eq. (2)ptbe of limiting current | as function of than /2
should be a straight line.

Figure 8. (A) Voltammograms of rotating disk FCDMCNPE in OM phosphate buffer (pH 5.0)
containing 0.5 mM PHZ at the various rotation ratekcated for each voltammogram. Scan
rate: 10 mV $. (B) Levich plots constructed from the modified RRoltammograms of
solution with (a) 0.5, (b) 1.5, (c) 2.5, (d) 3.5dgi) 4.5 mM PHZ. (C) Koutecky—Levich
plot obtained from Levich plots shown in A.

According to the Levich plots (Fig. 8. B), the ent increases with increasing electrode
rotation speed, but were found to be nonlineaduding kinetic limitations. For irreversible reami
relation between the limiting current and rotatsmeed has been given by Koutecky-Levich equation
[57]:

[ = [NnFACK ]! + [0.620nFABA Y cwqt (3)
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where A, C, K, A, Dy andW are the electrode area (?()msubstrate concentration (mol '8)11
catalytic rate constant (énmol” s%), surface coverage (mol & diffusion coefficient (crh s%),
kinematics viscosity (cms®) and rotation speed (rad')s respectively. It can be seen that the
intercepts of all linear plots are positive, clgamdicating the kinetic limitation of the electred
process. In addition, the slopes and interceptsraersely proportional to the bulk concentratidn o
PHZ, suggesting that the current is not limitedtly rate of electron transport within the electrode
According to Eq. (3) the plot of JI* vs. W 2 gives a straight line (Fig. 8. C). The rate-defainy
step must be catalytic process at electrode sudaedectron diffusion process within the electrode
The value of the rate constant for the catalytectien K can be obtained from the intercept of the
Koutecky— Levich plot. The value of heterogen red@stant for FCDMCNPE by using intercepts of
the Koutecky-Levich was found to be 9.41%1@m s* for PHZ concentration in the range 0.5 — 4.5
mM. Diffusion coefficient of PHZ ,D, may be obtatch&om the slop of Koutecky— Levich plots. The
mean value of D was found to be 5.65%10r’ s*.

3.9. Determination of PHZ and HZ in urine and wasamples

To evaluate the applicability of the proposed mdtho real samples, it was applied to the
determination of PHZ and HZ in human urine and wa#enples. The samples tested were found to be
free from PHZ and, thus, synthetic samples werpgresl by adding known amounts of PHZ and HZ
to the urine and water samples.

The results for determination of the two speciesreal samples are given in Table 2.
Satisfactory recovery of the experimental resulés iound for PHZ and HZ. The reproducibility of
the method was demonstrated by the mean relaavelatd deviation (R.S.D.).

4. CONCLUSIONS

The results obtained in this work demonstrated pbéentiality of the FCDMCNPE for
simultaneous determination of PHZ and HZ. The mediklectrode exhibits highly electrocatalytic
activity for the oxidation of PHZ and HZ associat@dh negative shifts in anodic peak potentials.
Thus, large peak separations obtained with thistrelde allow it to simultaneously detect these
compounds. Moreover, good sensitivity, high seldsti low detection limits with the low cost of the
sensor, makes this method very suitable for aceutaterminations in real samples. The proposed
method could be applied to the determination of Pdd HZ in urine and water samples with
satisfactory results.
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