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ABSTRACT

A sensitive voltammetric method for detection of mercury ionsis described
which is made by modifying a carbon paste electrode with clay. A linear
working range for concentration of mercury between 0.18mM to 0.91mM.
The electrochemical responses obtained by cyclic voltammetry (CV) at
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clay modified carbon paste el ectrode (Clay-CPE) were found to be anal yti-
cally suitable to develop amethod for the determination of mercury at low
concentration levels. The developed method was applied for the detection

of Hg(I1) intap water.

INTRODUCTION

Mercury isthe most neurotoxic e ement known to
humang that can existsin metdlic, inorganic, and or-
ganic forms. Inorganic mercury compoundstakethe
form of mercury saltsand excessiveexposurecan cause
anumber of severehedth problemssuch asbrain dam-
age, kidney failure, and various cognitiveand motion
disorderd?. Methyl ation of inorganic mercury hasbeen
shownto occur infreshwater and in seawater, dthough
amogt dl mercury in uncontaminated drinking-water is
thought to beintheform of Hg2+31. Severa techniques
for thedetermination of thetotal mercury content have
beenreported, including cold vapor atomic fluorescence
spectrometry!, cold vapor atomic absorption spec-
trometry™®, inductively coupled plasmaaomicemission
spectrometry!®, and inductively coupled plasmamass
spectrometry!™. The high toxicity of mercury has
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prompted the devel opment of variousanaytical meth-
odsfor itsdetermination towardsthe creation of asuf-
ficiently stable detection systemwhichissmpleto op-
erate, inexpensve and does not requiremechanical or
chemical treatment beforeanaysisor for regeneration.
Electrochemical sensorswith recognition € ements of
biologicd origin haverecea ved particular attention due
towhichincludeavery broad range of electrode mate-
rialsand measurement methodol ogiesthat can be se-
lected. It dso offershigh sengtivity and selectivity, and
impressive cost effectivenessand miniaturization®. A
group of researchershavebeen investigating the devel -
opment of electrochemical bi osensors based on pep-
tidesfor detecting heavy metal$*4. Someof themiden-
tify apeptidewhichiscapableof binding cadmiumions
specificaly for the measurement of low concentrations
withminimd interferencefrom other metal ions. Amino
acid in peptide can bearranged in any particular order
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or length and present andmogt infinitenumber of ligands
for binding metal™!. The polar side chains of peptide
might act asligandsfor metal ionsbased on thetheory
of hard and soft acids and bases®. Amino acid bear-
ing N donor ligandsintheir sidechains (his, lys, arg)
and Sdonor ligand (cys) have strong binding prefer-
encesfor classB metas(Ag', Hg, Cd*, and Au*)*>
17 In thiswork, we focus on determination of trace
mercury in solution by clay modified €l ectrode using
cyclicvoltammetry withinawide concentration range,
with high sdectivity, stability and sengtivity suitablefor
investigation of red samples.

EXPERIMENTAL

Apparatusand software

Voltammetric experimentswereperformed usinga
voltalab potentiostat (mode PGSTAT 100, Eco Chemie
B.V., Utrecht, The Netherlands) driven by the general
purpose € ectrochemica systemsdataprocessing soft-
ware (voltalab master 4 software) run under windows
2007. Thethree el ectrode system cons sted of achemi-
cally modified carbon paste €l ectrode astheworking
electrode asaturated calomel eectrode (SCE) serving
asreferencedectrode, and platinum asan auxiliary ec-
trode.

Electrodes

Modified electrodes were prepared by mixing a
carbon powder and the desired weight of clay. Thebody
of theworking el ectrodefor voltammetric experiments
wasaPTFE cylinder that wastightly packed with car-

bon paste. The geometric area of this electrode was
0.1256¢cm?. Electrical contact was made at the back
by means of abare carbon.

Procedure

Theinitial working procedure consisted of measur-
ingthedectrochemica responseat Clay-CPE at afixed
concentration of mercuryionHg(ll). Standard solution
of mercury wasadded into theel ectrochemical cdl con-
taining 100 mL of supporting € ectrolyte.

The mixture solution was kept for 20 sat opencir-
cuit and deoxygenated by bubbling purenitrogen gas
prior to each e ectrochemica measurement. Thecyclic
voltammetry wasrecordedintherangefrom-1V to 1
V. Optimum conditionswere established by measuring
the peak currentsin dependenceon dl parameters. Al
experimentswere carried out under ambient tempera-
ture. Inorder to insuretheinert effect of Clay dectrode
during the experiment, the potential of OmV wascho-
seninpresenceor in absenceof accumulated mercury.
All other conditions were as described in the
Voltammetric part.

RESULTSAND DISCUSSION

Cyclicvoltammetry of Hg(l1)

TheFigure 1 show the cyclic voltammogramsin
0.1 mol L*Na,SO, (at the PH=7) were obtained for
the Clay-CPE in the presence of Hg(I1) and without
Hg(ll). Therewere no redox peaksin the CV of the
Clay-CPE without Hg(I1) (Figure 18). The Clay-CPE
interacting with of Hg(1l) showed an anodic peak at
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Figurel: CV recorded for 0.18 mM Hg(ll) at pH 7 at bareClay-CPE (a) and Clay-CPE/Hg(l1) (b), scan ratewas100 mV/s,

preconcentr ation time=6min
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0.25V and cathodic peak at -0.25V versus calomel
reference el ectrode (Figure 1b).

I nfluence of accumulation time

TheFigure 2 showsthe effect of theaccumulation
time. The peak current of 0.18 mmol L™ Hg(ll) in-
creasesgreatly within thefirst 6min. Further increasein
accumulation time does not increase the amount of
Hg(I1) a the el ectrode surface owing to surface satura:
tion, and the peak current remains constant. Taking
account of sengitivity and efficiency, accumulationtime
was 6 mininthefollowing experiments.

Voltammetric analysisof eectrodeposit

The presence of acathodic and anodic peak, the
peak potentia swere attributed to Hg(I1) behaviorin
Na,SO, 0.1 M. An tampon medium was selected as
suitable for relegate of Hg(I1) according to Eqg. (1).

1,2
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Hg(ll) speciesleached out from the clay at the el ec-
trode/solution interface can be detected directly by re-
duction Eq. (2).

Clay-CPE-H((I1) — Clay-CPE+Hg(l1)
Hg(ll) +2e—Hg(0)

@
)

Effect of scan rate

Theinfluences of scan rate on the oxidation peak
potential and, peak current and the reducti on peak po-
tential and, peak current of mercury, (0.1IM Na,SO,,
pH=7) werestudied by cyclic voltammetry. TheFigure
3 shows both the anodic and the cathodic peak cur-
rentslinearly increasewith the scan rate over therange
of 40to 120 mVs?, suggesting that the d ectronstrans-
fersfor mercury at theclay modified CPE isadsorption
controlled reaction. The Figure4 showsthelinear rela
tionship between the scan rate anodic peak and ca-
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Figure?2: Effectsof accumulation timeon oxidation peak currentsof 0.18 mmol L-*Hg(I1) (pH 7) at Clay-CPE, supporting

electrolyteisNa,SO, 0.1M
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Figure3: CV acquired on Clay-CPE with 3.81mM Hg(l1) in thebuffer solution at differ ent scan ratesvariantsfrom 40to 120

mV.s?
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Figure4: Plot of peaksareaversusscan rate
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Figure5: Cyclic voltammogramsof different concentration of Hg(l1) at Clay-CPEin 0.1M Na,SO,, Scan rate 100 mV/s

thodic peak currentsof mercury a Clay-CPE. Thelin-
ear regression equations:

| ,=0.018V+3.962 R?=0,992

| =-0.023V-4.908 R2=0,996

Calibration graph

Figure5 showstheCV curvesof different concen-
tration of Hg(11) at Clay/CPE wasincreased from 0.18
mM to 0.91 mM. Both the anodic and cathodic peak
current increases linearly with the concentration of
Hg(ll). It was also observed that the cathodic peak
potentid shift towardsnegativeva uesand anodic pesk
potentid shift towardspositivesde. Thiskind of shiftin
Epinthe cathodic and anodic directionwithincreasing
concentration of the Hg(I1) indicatesthat the product
of Hg(ll) are adsorbed over the e ectrode surface.

TheFigure6 showsthelinear relationship between
the concentration anodic peak and cathodic peak cur-
rentsof Hg(I1) at Clay-CPE. Thelinear regression equa
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tions
| .=0.830[Hg(I1)] +0.739 R2=0.997
R2=0.986

| =-2413[Hg(11)] -1.232
Influencesof pH

In afirst step, the effect of pH on electrode re-
sponsewasinvestigated. In most cases, the solution
PH isimportant to the electrochemical reaction. The
Fgure7 ashowsthecydicvoltammogramsof theHg(l1)
at different pH. The current of the peak depend on the
solution pH. The anodic and cathodic peak potential
shifted towardsnegativeside.

TheFigure 8 showsthegraph of different pH ver-
suspeak current, it could be confirmed that the current
density decreaseswhenthe pH increased.

PRACTICALAPPLICATION

The devel oped method was applied for detection
of Hg(I1) intap water samplein order to evaluatethe
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Figure7: Effect of pH ontheredox of Hg(l1) at the Clay modified CPE
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Figure9: Cyclicvoltammogramsof different concentration of Hg(l1) at Clay-CPE in 100ml tap water, Scan rate 100 mV/s
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Figure10: Plot of peaksareaver susadded concentration of Hg(l1)

applicability of clay modified carbon pasteeectrodein
real sampleapplication. Tap water wasanayzed usng
the devel oped method.

Theanalytical curveswereobtained by CV experi-
mentsinsupporting e ectrode (Figure9). It wasfounded
that the peaks currentsincreaselinearly versusHg(l1)
added into the tap water (Figure 10). The linear re-
gressonequations:

|pa=4.152[Hg(I1)] +0.530 R’=0.980
Ipc=-5.170[Hg(I1)] -1.578 R’=0.967
CONCLUSION

The Clay-CPE, have been fabricated to study Hg2+
detection by voltammetry analyss.

Theuseof CV isfaster and more sensitive than
other, conventiond, techniques.

Thisextraadvantage could reduce the cost of the
andysisandthetimetaken, henceresultinginimprove-
Research & Reotews On

mentsinanaytical sengitivity. The Clay-CPE exhibits
animproved performancefor Hg?* andlysis. Theappli-
cation studies of Hg?* detection by Clay-CPE givea
very good sensitivity with high correlation coefficient
withwider linear range.
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