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Abstract: In this paper, the electrochemical behaviour efesal parabens preservatives,
i.e. esters of p-hydroxybenzoic acid, methyl-, etland propyl-4-hydroxybenzoates as
methyl-, ethyl- and propyl-parabens (MB, EB, and)PBas been investigated at a
commercial boron-doped diamond electrode (BDDEpeemlly in the anodic potential
range, in both hydro-alcoholic and aqueous medibe Tyclic voltammetric and
chronoamperometric measurements yielded calibratiots with very good linearity R
between 0.990 and 0.998) and high sensitivity, uisébr detection and analytical
applications. The determination of the charadiessof individual compounds, of an
“overall paraben index”, the assessment of theilgtaland the saturation solubility in
water, and the amperometric sensing and deterramati double distilled, tap and river
water matrix of the relatively slightly soluble stigated parabens have been carried out
using electrochemical alternative. Estimated waelubility was correlated with the
octanol-water partition coefficient. Several ideagarding stability and persistence of the
presumptive eco-toxic investigated preservativethénenvironment or water systems have
been adjacently discussed.
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1. Introduction

In drugs and cosmetic products processing, and mdded technology, the chemical preservation
has become an important practice, starting from018&h addition of commonly used synthetic
preservatives developed from benzoic acid and hyikenzoic acid as alkyl para (4)-
hydroxybenzoates, so-called parabens or alkyl easlfmethyl, ethyl, etc.), and electron-donating
alkyl gallates, derivatives of gallic acid, as aridants [1-10]. Among many additives, syntheticl an
naturally occurring compounds are used, espea@asligntioxidants [3, 6-16].

The parabens preservatives, acting simultaneouslgndmicrobial agents and antioxidants, and
alkyl gallates which usually accompany the parab&mdypical antioxidant additives, improve the
stability of the food and pharmaceutical productd prevent rancidness in product containing ligds
fats. The alkyl parabens are often used in comioinaAn increasing trend is seen towards the use of
combination of a series of preservatives, with atereded action spectrum, because the specific
activity of the parabens and the antioxidant cheraaf these additives appear to increase withl-alky
chain length. So, the structural aspects and poplhiilicity parameters, or the difference of solitypi
in water, play an important concomitant role in the action spectrum for the various lipophilic o
hydrophilic characters of the products used. Metydpen and propylparaben, for example, are often
used together since they have a synergistic g#gct

Various methods for characterization or analyteadluation of preservatives and antioxidants have
been explored and applied [1, 2, 4-6]. Alongsideostatographic or spectrophotometric alternatives,
knowledge of the redox and amperometric behavitwer electrochemical assessment can be a basis to
explain useful properties or a direct analyticathpay in dosage of the additives in mixture or
individual systems. Electrochemistry of variousunak antioxidants is the subject of a active redear
as is the electrochemical study of the phenolicmmumnds or their derivatives [11-20]. However, there
are relatively few recent papers focused on thetrelehemical study of the used preservatives frioen t
parabens series, employed in food, pharmaceuticasmetic products, alone or in combination with
some associated antioxidant additives from thelgd#iates series [1-3, 7-10]. There is practically
absent electrochemical data concerning either trextdor indirect assessment of the stability, the
presence or the persistence in metabolic fluidsnowater of these substances. The controlled
interaction of preservatives and antioxidants wiltle cathodic process of electroreduction of the
oxygen investigated using a mercury film electrds been reported [1]. A glassy carbon has also
been used in the electrochemical detection of gasf2, 3].

Together with the favourable preservative and aident properties of the additives, it is also
important to take into account their potentiallyagve biological effects, and possible side eHaut
humans and other mammals, such as estrogenicsffdith may involve breast cancer risk [21-25].
Study of such effects requires correlation withirtheater solubility, or lipophilicity and toxicity
characteristics. In this overall context, the rielaships between structure and activity, the contioos
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and stability of the compounds, and their dosagiiiget applications and frequency of their use, ar
especially important.

In this work, the electrochemical behaviour of sopreservatives-antioxidants, esters mpf
hydroxybenzoic acid, methyl-, ethyl- and propylydioxybenzoates (MB, EB, and PB), so-called
parabens, was investigated in hydro-alcoholic amgeaus solutions, at a commercial boron-doped
diamond electrode (BDDE), especially in the angmhitential range. To the best of our knowledge, no
anodic sensing, characterization and determinaifahese commonly used preservatives-antioxidant
food additives at a conductive diamond film eled&das previously been made. The principal aim of
this work, which has an introductory character, veatest and collect new data for the electrochamic
determination of parabens in individual and mixtegstems, using as amperometric sensor a
commercial BDDE designed for electroanalysis.

Formulae of the investigated compounds are:

. I
[l Il
C—0—CH, C—0—CH;CH, C—0O—CH;-CH;—CH,
OH OH OH
Methylparaben Ethylparaben Propylparaben

2. Experimental Section

The electrochemical measurements were carriednoai iundivided Metrohm three electrode cell
equipped with a BDDE, a 3 mm diameter stationasc ddmbedded in a Teflon rod as working
electrode, a platinum foil counter electrode arghturated calomel electrode (SCE) as reference. The
commercial product, BDDE supplied by Windsor Sdfent.td. for electroanalytical use was a mirror
polished doped polycrystalline industrial diamomeidfocrystalline) with doping degree about 0.1%
boron. The working electrode, the same type as BRiSed in our previous papers [26-28], was
preformed and stabilized by subjecting it to selivatandred cycles between large potential limits in
neutral media.

The electrochemical data resulted as cyclic voltagmams (CVs) and chronoamperograms (CASs)
were obtained by using an Autolab PGstat 20 Ecarnéevice (The Netherlands) controlled by a PC
running GPES 4.8 version software. The exploredalnscorresponded to extended potential ranges,
between -1 V and +1.75 V vs. SCE, or only in ma®tnicted anodic potential ranges, usually starting
from 0 V vs. SCE in positive direction. The volumiethe explored solution in the cell was large (50
mL). The chronoamperometric response was recordeeléctrolysis at controlled potential, in an
unstirred  solution, selecting a single potential vele (AUTOLAB-GPES Software-
Chronoamperometry, interval time > 0.1 s) from pla¢ential range characteristic for the current peak
or the limiting current. The quantity of the analyh the 50 mL is enough and remains practically
unchanged. The method has been used also in anty@@vious papers [26, 28].

Prior to the start of the electrochemical investilgn and between measurements, in order to
achieve very high reproducibility, the working dlece was carefully cleaned, polished with (0.3-0.1
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pum) alumina powder in aqueous suspension on avpashed with deionized water, ethanol or other
organic solvents.g., acetone, and finally with a very large volume ofible distilled water.

The used substances were analytical or high pdegyee Merck, Fluka and Aldrich reagents. The
solutions with the exception of the stability tedescribed later, were normally freshly preparadgus
ethanol and double distilled water. The investidat@arget substances were esters of the
parahydroxybenzoic acid, such as alkyl-para(4)-bwgoenzoates, usually called parabens or
alkylparabens, respectively methylparaben (MB)yledraben (EB), and propylparaben (PB), which
are usually considered soluble only in alcoholicdrae In addition, for the generic comparison, a
number of CVs were recorded for parahydroxybenaoid, a characteristic compound in the parabens
class and propyl gallate (PG), a representativiexdant from gallates class, which is frequenthed
in combination with parabens. Ethanol and waterewesed as solvents for standard alcoholic or
saturated aqueous stock solutions, and unbufferledMON&SQO, as supporting electrolyte (SE), as
hydro-alcoholic solution (in 1/4 ethanol/water vole ratio, i.e. 20 % volume of ethanol in the final
working solution from the cell). The use of etham@s selected for compatibility and to prevent a
separation from the solution of the target anagne an advanced fouling of the electrode through
reactants or reaction products. The working satutiothe cell (50 mL) has been prepared freshlgnfro
a more concentrated p&0O, aqueous solution diluted adequately with water ethénol in the above
mentioned volume ratio. By adding a very small waduof the relatively concentrated samples in the
large volume of the working solution from the célie modification in the overall ethanol contenswa
insignificant.

The cyclic voltammetry (CV) and chroanamperomet®A)Y measurements were accomplished
using 50 mL volumes of solutions in the workinglcahd predominantly an unbuffered hydro-
alcoholic neutral media described above. A 0.05' ¥san rate was used predominantly, but the
separate scan rate effects were also investigateebn 0.01 and 0.1 Vdimits. The tests in alkaline
or acidic media, only sequentially carried out whpth was changing, were performed by controlled
addition of sodium hydroxide or sulfuric acid sodat in 0.1 M NaSO, unbuffered supporting
electrolyte. Working temperature was 23€1The CV and CA investigations occurred predontigan
at neutral pH.

3. Resultsand Discussion
3.1. Cyclic voltammetry and chroanoamperometry data in hydro-alcoholic solutions

Figure 1 depicts as examples, typical CVs invohsagcessive first, second and third scan - curves
1 to 3, with reference to the supporting electelytith the accessible potential window, and the
presence of EB at a relative high concentratiorruages 1-3 recorded in extended anodic and cathodi
potential range (Figurela, Figurelb) and in retti@nodic potential range (Figure 1c). All CVs aver
recorded starting from 0 V vs. SCE in positive dii@n. The anodic current peaks were delimited on
the forward branches of the voltammograms and ar dteeversibility can be observed. The anodic
waves decrease from first to second and third sehen a tendency of current stabilization is
manifested. In the examples presented in the faligigures CV data are consistently compared to
the first scan.
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Figure 1. (a) Cyclic voltammograms (CVs): 0.1 M B&O, hydro-alcoholic solution
supporting electrolyte (SE-1/4 ethanol/water voluato, i.e. 20 % volume of ethanol
in the final solution in the cell), pH 7; 1-3: scas8, first scan starting from 0 V vs. SCE
in positive direction, scan rate 0.05%/gb) Cyclic voltammograms (CVs): 0.08 mM
EB in 0.1 M NaSQO, hydro-alcoholic solution supporting electrolyté] @; 1-3: scanl-

3, first scan starting from OV vs. SCE in positiieection, extended potential range,
scan rate 0.05 Vs (c) Cyclic voltammograms (CVs): 0.08 mM EB in 0.1 MJS&
hydro-alcoholic solution supporting electrolyte, giH1-3: scan 1-3 (S1, S2, S3), first
scan starting from 0 V vs. SCE in positive diregficestricted potential range, scan rate
0.05 Vs,
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Figure 1. cont.
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A series of resultant CVs obtained directly over toncentration range 0.02 mM - 0.14 mM for PB

standard solution, corresponding to curves 1-Bluistrated in Figure 2. Having the longer alkylaoh,
PB is a representative example of the more compdeabens from the explored series. The initiation
of the anodic oxidation, corresponding to an anediwe or current peak is a known characteristic of
the de-electronation and dehydrogenation step enotkidation pathways of the oxygen containing
organics [17] and phenolic compounds [3, 9-13, @b-2

The current peaks, manifested at the potential @s@®/9 V vs. SCE, increased progressively with
concentration. A linear calibration plot of the @mnt peak vs. concentration with very good corietat
parameter (R 0.9982) was obtained. Similar voltammetric datd ealibration plots (not represented
here) were obtained for MB and EB. A summary okéheesults is presented in Table 1 (see below)
and suggests that CV measurements can provideyauseful analytical approach. The similarity of
these data with published data for MB and PB exdm@@lCVs at a glassy carbon electrode should be
pointed out [2], but the current peaks at BDDE ur mvestigation were situated at less positive
potentials, the lower background current, the ebelet material itself, the non fouling effect ane th
electrolytic media certainly contributing to thisifs.

Figure 3 shows another example of CVs obtainedolatisns with one, two or three parabens
(curves 1-3) at comparable concentrations, whigiyests an additive behaviour and group behaviour,
very stimulatory for defining a non conventionablghl parameter which could be simply considered
an “overall paraben index”. ORIGIN 7 was used foe graphical processing and analysis of the
experimental data. The background current valu¢hen potential range of the current peak was
considered, by using the linear extrapolation effthst part of the forward branch of the CV (atsufr
tangent line) as a simple alternative. Comparatj\vible background current itself obtained previpusl
from several CVs in supporting electrolyte andne &bsence of the analyte was also considered.

The investigation of the effect of the scan ratetlo@ current peaks was also carried out (not
presented, but discussed here). The linear prapadity of the current peak vs. scan rate and sguar
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root of the scan rate indicated that the process generally diffusion step controlled and the
practically zero intercepts suggested that adsmrpsieps and surface interactions were negligible.
Several presumptive hindering effects by insolubkectants or reaction products and fouling were als
diminished or avoided by selection of the waterath mixture solvent as working medium.

Figure 2. (a) Cyclic voltammograms (CVs): 1-0.02 mM; 2-0.04 mB40.06 mM, 4-
0.08 mM, 5-0.10 mM, 6-0.12 mM, 7-0.14 mM PB in 0MLNa,SO, hydro-alcoholic
solution supporting electrolyte(SE-1/4 ethanol/watglume ratio, i.e. 20 % volume of
ethanol in the final solution in the cell), pH 71-Sfirst scan, scan rate 0.05 Y/gb)

Corresponding linear calibration plot of the cutres. concentration (current peak read
around 0.9 V vs. SCE)
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Figure 3. Cyclic voltammograms (CVs): parabens as mixtur@éesygsn 0.1 M NaSQ,
hydro-alcoholic solution supporting electrolyte (38 ethanol/water volume ratio,
i.e.20 % volume of ethanol in the final solutiontive cell), pH 7, S1, scan rate 0.05 Vs
- 1-0.02 mM MB; 2-0.02 mM MB + 0.02 mM PB; 3-0.02MnMB + 0.02 mM PB +
0.02 mM EB.
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A first example of a series of CAs, obtained foiegaent solutions, also selected for PB in the
concentration range from 0.01 mM to 0.08 mM at eeptial selected from CV data is shown in Figure
4a (Precise working conditions are detailed in figare caption). This time of readings has been
selected conventionally, assuming a quasi-steadg,dbut several readings have been performed also
for various times (data not shown). The large va@whthe processed solution sustains this altermati
experimentally. A similar approach was used alsounprevious papers [26, 28].

The quasi-steady state is established relativetly fehe corresponding calibration plot from Figure
4b resulted from current values read at 120s. A&aliity with a very good correlation parameter
(R°=0.9943) suggested the suitable applicability ef¢thronoamperometry at BDDE for amperometric
sensing and analytical determination.

The approach of the additivity of the amperometsignals in mixture parabens solutions
represented a further important step in exploring CA data. Figure 5a shows a series of CAs
obtained directly in progressively complicated et systems with various parabens contents, gjartin
from single component to di- and tri-component eyst finally defined as a complex matrix for a
continuous increase of the concentration of theltbomponent. Corresponding calibration plot of the
current vs. concentration of the conventional “@llgparaben”, presented in Figure 5b was lineah wit
a high correlation parameter?4R0.997. This result recommended the CA as a daitaly for sensing
and analytical assessment of soluble parabens.fdllwaving steps in our investigation were the
approach of the more sensitive problems, the eecamical assessment of the parabens in water and
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various aqueous systems and matrix (distilled et distilled water, tap water, and river wateryi a
the use of the electrochemical data for the deteatitn of the water solubility of the parabenshe t
explored series.

Figure 4. (a) Chronoamperograms (CAs), PB in 0.1 M,8@, hydro-alcoholic solution

supporting electrolyte( SE-1/4 ethanol/wagetume ratio, i.e. 20 % volume of ethanol

in the final solution in the cell), pH 7, at + 0®vs. SCE; concentration: 1-0 mM (SE);
2-0.01 mM; 3-0.02 mM; 4-0.04 mM; 5-0.06 mM; 6-0.88/. (b) Corresponding linear

calibration plot of the current vs. concentrationrrent read at 120s.
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Figure 5. (a) Chronoamperograms (CAs), mixture system-MB, EB, iRB0.1 M
NaSO; hydro-alcoholic solution supporting electrolyted 7, at 0.9 V vs. SCE ;
concentration: 1-0 mM (SE), 2-0.02 mM MB, 3-0.0%1nvIB + 0.02 mM EB, 4-0.02
mM MB + 0.02 mM EB + 0.02 mM PB, 5-0.02 mM MB + @.&nM EB + 0.04 mM PB,
6-0.02 mM MB + 0.02 mM EB + 0.06 mM PB, 7-0.02 mVBW 0.02 mM EB + 0.08
mM PB. (b) Corresponding linear calibration plot of the catres. concentration of the
“overall paraben”; current read at 120s.
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3.3. Amperometric sensing in various water matrix

Amperometric sensing of the investigated parabensqueous solutions prepared from tap water
and river water is shown by the examples in Figimeand 6b and by the CA data in Table 1. The
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chronoamperogram exemplified for PB, in conditiarfsa stepwise successive addition of stock
solution samples to the supporting electrolyte,hbptepared with tap water, corresponded to a
progressively increase of the amperometric sigpadportional to the increased concentration. The
linear calibration plot with high correlation parater and complementary data suggest a good degree
of recovery of the electroanalytical charactersstigypical for chronoamperometric sensing and
detection of the parabens using a BDDE and are atabfe with data obtained from similar previous
investigations using solutions prepared with dowldtilled water.

Figure 6. (a) Chronoamperogram, PB, stepwise successive addgamples and supporting
electrolyte in tap water), pH 7, magnetically stitrsolution; potential +0.9 V vs. SCH)
Corresponding linear calibration plot of the cutres concentration.
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A list of equations of the linear dependencieshef turrent vs. concentration, and corresponding
characteristic parameters, working conditions aadhniques applied in various situations are
summarized in Table 1. High sensitivities and Veigh correlation parameters were associated with
the suitable electroanalytical conditions. Low lisnof detection, LOD were obtained as/'s3ope for
RSD between 2-3% (from three replicates) and S/ébrRlition (The noise, N ar, was referred to the
amperometric signal which resulted at the minimwpl@&ed concentration). The higher sensitivity for
CA detection in stirred solution is evidently jdstd by the improved hydrodynamic conditions. The
matrix effect (whether in natural or tap water) yelh a minor role and the electroanalytical
performances were practically similar to the dataresponding to solutions prepared in double
distilled water. In Table 1 were presented only sxamples which corresponded qualitatively to the
general quantitative tendency observed in the garalensing by CA at a BDDE in the stirred system
and tap or river waters matrix.

Table 1. Equations of the calibration plots | = a C + pA), a @A mM™); C (mM); b
(uA); sensitivity; R and LOD.

Explored  Regressi ti
xplor egression equation Sensitivity LOD

Analyte concentration of linear calibration R? Method
n (uA-mM™ (uM)
range (mM) plot
MB 0.002-0.104 1=15.211C+0.270 0.9941 15.211 501. CVv
EB 0.02-0.18 | =20.645C + 0.248 0.9960 20.645 1.97 CVv
PB 0.02-0.14 | =14.890C + 0.321 0.9982 14.890 3.60 CVv
MB 0.01 -0.08 | =3.073C + 0.0185 0.9992 3.073 0.70 CA*
EB 0.002-0.112 1=2.697C +0.027 0.9907 2.697 1.03 CA*
PB 0.01 -0.08 | =2.903C +0.027 0.9943 2.903 0.97 CA*
Example
(PB) 0.02-0.07 1=23.392C-0.190 0.9991 23.392 - CA**
Example o
(EB)p 0.02-0.05 |=13.180C+0.358 0.9977  13.180 i CA
MB + EB
+ PR+ 0.02 -0.12 | =3.235C 0.9970 3.235 1.2 CA*

* electrode cleaning between CA recordings, g@essolution; **successive addition, tap water
medium, intensively magnetically stirred solutiorf} successive addition, river water medium,
intensively magnetically stirred solution; ****ard an “overall paraben index”

3.4. Solubility in water evaluated from electrochemical data

Figure 7 shows an example of CVs, curves 1-3, nbthiat BDDE in a similar mode to the
previously discussed CVs, now recorded with saddratjueous solutions samples resulting from MB,
EB and PB dissolution, transferred by suitable tailu with supporting electrolyte directly in the
electroanalytical cell. The saturated solutions tleé explored compounds were collected from
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supernatants resulted after dissolution in stimeter and complete decantation, as liquid phase
coexisting with the solid sediment. The saturattoncentrations presented in Table 2 were calculated
from calibration equations.

Figure 7. Cyclic voltammograms: 1-MB, 2-EB, 3-PB, saturategueous solutions
(SAS) in 0.1 M NaSO, hydro-alcoholic solution supporting electrolytdefS1mL SAS,
50 mL SE, pH 7, S1- first scan; scan rate 0.08.Vs
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A similar series of solubility data were obtaingdnfi the chronoamperograms exemplified in
Figures 8 and 9 by alternate use of various sampledifferent parabens in the same supporting
electrolyte, resulted by dilution from standardc&® and from saturated aqueous solutions, as an
adequate variant of the standard addition methddcamparison calculation, applied for the condition
of the same selected working constant potentiah{fthe potential range of the current peak) and the
same time of the current readings. Detailed cir¢ant®es are described in the figure captions. The
concentration in Table 2, regarding water solupiit the investigated parabens, resulted from Ci&a da
is close to similar values obtained from CV datatHis manner the CV and CA offer an accessible
possibility for evaluation of the absent data rdgay the undefined or ambiguously defined solupilit
of the parabens in water. On the other hand, thermdéed saturation concentrations were in a good
accordance with calculated octanol-water partitcmefficient logP, an accepted measure of the
molecular hydrophobicity and a key parameter ingheironmental studies of the environmental fate
of chemicals [29-31]. As a general rule, logP & tompounds having hydrophobic and hydrophilic
characteristics is inversely correlated to theifulsitity in water, a lower value of the former
corresponding to a higher value of the latter. Buoeordance between partition coefficient and
solubility resulted from data presented in Tabledhfirms the suitability of the electrochemical
evaluation of the characteristics of paarbens iatem. The general feature of the parabens reggrdi
the diminution of the solubility in water with thength of the alkyl chain is also confirmed.



Sensors 2008, 8 4343

Figure 8. Chronoamperograms; MB SAS testing and standardtiaddil-suporting
electrolyte (SE) 50 mL, 2-0.2 mL MB saturated aaqusesolution (SAS) addition / 50
mL SE, 3-0.2 mL MB SAS / 50 mL SE with 0.02 mM Miasdard solution content, 4-
0.2 mL MB SAS / 50 mL SE with 0.04 mM MB standamlwion content (current
values evaluated at 120 s); +0.9 V vs. SCE eleetpmdential.
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Figure 9. Chronoamperograms; EB SAS testing and standardi@atdi-suporting electrolyte
(SE) 50 mL, 2-0.2 mL EB saturated aqueous soly$AsS) addition / 50 mL SE, 3-0.4 mL EB
SAS / 50 mL SE, 4-0.4 mL EB SAS / 50 mL SE withDrdM EB standard solution content
(current values evaluated at 120 s); +0.9 V vs. 8leEtrode potential.
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Table 2. Calculated octanol - water partition coefficienbgP* and evaluated solubility
in water from electrochemical data **(X(saturation concentration in aqueous solution)

at 23+1°C.
Compound  O/W-LogP* Csow (MM) Method
MB 1.67 13.04 CcVv
13.25 CA
EB 2.11 3.79 CcVv
3.90 CA
PB 2.60 1.35 CcVv
1.32 CA

*LogP [29-31] characteristics of hydrophobic/hydndiz character was calculated using interactive
analysis Chem Silico software-http://www.logp.corfsolubility data were evaluated using calibration
equations (from CV data) or standard addition meificmom CA data)

It is noteworthy that solubility data of the parabén water is practically absent from most litarat
dedicated to the series of the investigated allkykpydroxybenzoates. Only solubility in ethanol or
methanol is mentioned. In this general contexitedehemical alternative offers a consistent basis
appreciate the possibilities of obtaining, reldiiveasily, aqueous solutions with concentration
between 1 mM (for PB, the less soluble paraben)l&neM (for MB, the more soluble paraben).

Besides the general aspect regarding the preligibasis of the electrochemical sensing, the
assessment of the probable presence of the parabegieous media or their persistence in water
systems, as a source for secondary estrogenideffe@eds to be further investigated and discussed.
This last aspect regarding solubility of theselgligsoluble but stable and persistent compounds in
water, evaluated from electrochemically data wagetatable with hydrophilic and hydrophobic
character, which can also be estimated from thel gegree of accordance with the calculated pantitio
coefficient. Higher water solubility correspondedatlower partition coefficient.

The stability of parabens in alcoholic solutions iar water solutions (accessible data after
electrochemically evaluation) was also evaluated pleyiodical recording of a series of cyclic
voltammograms. Several alcoholic and aqueous sasgfdions in the above delimited concentration
ranges were prepared and their stability was tesSadhple solutions of 5 mM MB, for example,
obtained by dissolving the appropriate amount ghpounds in ethanol or in double distilled water
remained stable during several months or a momtpectively, if stored in darkness &C4in a
refrigerator or approximately one week for an aqisesolution if stored at 23%C in a covered flask.

It is possible in the latter situation, for a sloydrolysis effect in quasi-neutral aqueous solutiod at
a higher temperature to be observed.

The real solubility and the persistence in watstesys, even as a brake in the biological treatment
step of the municipal waste water treatment teaglor through accidental recycling in naturakriv
or even in tap water, could be considered an opdriraportant environmental aspect. These might be
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accessed and easily electrochemically monitorege(eeral aspect was also suggested by the example
presented in Figures 6a and 6b).

3.4. Related aspects

The CVs from Figures 10a, 10b and 10c regarde@@sestial typical situations, suggested certain
other aspects for the further investigations. Rralty, para-hydroxybenzoic acid (4HBA) offers CV
similar to parabens (Figure 10a). The concomitaesgnce of propyl-gallate (PG), a frequently used
antioxidant additive alongside parabens, is expdsy a distinct current peak to less positive
potential and it can be electrochemically detecedultaneously with the accompanying paraben
(Figure 10b). The pH effects in mixture system 8otucontaining EB and PG, characterized by the
modified shapes of the CVs from Figure 10c, shashi& of the current peaks in acidic media, or more
complicated effects in alkaline media. In the lease the pregnant modification of the resultant CV
could be supplementary associated with the hydsolysocesses of the two esters. These problems,
tested only tangentially, remain further in attentiand could be associated with a modification in
preservative or toxic effects.

Figure 10. (a) Cyclic voltammograms: 1-0.02 mM EB; 2-Para(4)-loydibenzoic acid
(4HBA) 0.02 mM; 0.1 M NgS O, hydro-alcoholic solution supporting electrolytd;-fa'st scan,
scan rate 0.05 Vs (b) Cyclic voltammograms: 1-0.02 mM EB; 2-0.02 mM Eida0.02 mM
propylgalatte (PG); in 0.1 M N8O, hydro-alcoholic solution supporting electrolytet-fst
scan, scan rate 0.05 Vgc) Cyclic voltammograms: 1-0.02 mM EB in 0.1 M 48&, hydro-
alcoholic solution supporting electrolyte (HASSREMW 7; 2-0.02 mM EB + 0.02 mM PG (pH
7); 3-0.02 mM EB + 0.02 mM PG +,80, (HASSE, pH 3.82); 4-0.2 mM EB + 0.02 mM PG
+ NaOH (HASSE, pH 10.11); S1-first scan, scan 6ab& Vs
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In the more complex situation, a preliminary separaof the target compounds must be realized,
but the use of a BDDE provides a useful startingtpfor the study of the preservatives either alone
together with antioxidant compounds. This electrooleld be an important component of a very stable
and useful electrochemical detector.
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4. Conclusions

Electrochemical study of the preservatives from fjaeabens series, the adequate selection of the
supporting electrolyte or the aspects regarding ptesence and concentration of the investigated
compounds in the aqueous system were advantageacstynplished by the use of a commercial
diamond electrode as electrochemical sensor.

The BDDE electrode is very useful for the studytlod electrochemistry of parabens. The initial
steps in the development of the several electrgcal alternatives were tested. The cyclic
voltammetric and chronoamperometric measuremealtded calibration plots with very good linearity
and sensitivity, useful for detection and analytagaplications. The assessment of the stability thied
saturation solubility in both double distilled atab water of the relatively slightly water soluble
parabens investigated was easily carried out usiagelectrochemical alternatives. Estimated water
solubility was correlated with octanol-water paotit coefficient.

The group behaviour of the target compound wasddfiespecially by CA data. An amperometric
“overall paraben index” can be obtained by fast awkct measurements as voltammetric or
amperometric pattern finger characteristics derifan the similar susceptibility of the various
species of the series to anodic oxidation. Thip@sal is in accordance with recent tendencies for a
global characterization of the various electrocloathy approaching systems [32, 33].

Electrochemical sensing and quantitative assessaight preservative methyl- ethyl- and propyl-
benzoate from the parabens series, which are despas being compounds with estrogenic effects,
were successfully tested in various aqueous maystems. The commercial BDDE offered a
sustainable basis for the present and furtherrel@aalytical development and application.
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