Available online at www.sciencedirect.com

science @pormeer- Talanta

ELSEVIER Talanta 64 (2004) 566-569

www.elsevier.com/locate/talanta

Short communication

Simultaneous determination of copper and lead in seawater using
optimised thin-mercury film electrodes in situ plated
in thiocyanate media

Helena M. Carapu¢aSandra C.C. Monterroso,
Luciana S. Rocha, Armando C. Duarte

Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal

Received 29 December 2003; received in revised form 10 February 2004; accepted 5 March 2004
Available online 6 May 2004

Abstract

In the present work the anodic stripping voltammetric (ASV) methodology using a thin mercury film electrode in situ plated in thio-
cyanate media was re-assessed in order to allow the simultaneous determination of copper and lead in seawater. Under previously sugges
conditions[6], i.e. using a concentration of thiocyanate of 5 mM, the ASV peaks of copper and lead overlapped due to the formation of a
stable copper(l)-thiocyanate species, limiting the analytical determinations. Therefore, the best value for the thiocyanate concentration wa
re-evaluated: for 0.05 mM a trade-off between good resolution of the copper and lead peaks and high reproducibility of the mercury film
formation/removing processes was achieved. In this media, the ASV peaks for Pb and Cu occurred, separated by 140 mV. Also, the in situ thil
mercury film electrode was produced and removed with good repeatability, which was confirmed by the relative standard deviation values for
the ASV determinations: 0.5% for Pb and 2.0% for Cu (10 replicate determinations in a solution with metal concentfasiatG 4 M for
lead and 2 x 10-8 M for copper). The optimised methodology was successfully applied to the determination of copper in the presence of
lead, in certified seawater (NASS-5).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction a thin mercury film produced in situ in the presence of 5mM
thiocyanate at pH 5.6 and accumulating at very negative
The application of thin mercury film electrodes (TMFESs), potentiald6]. They concluded that in the presence of SCN
in situ or ex situ produced on glassy carbon (CG), to the the mercury film could be plated reproducibly and fully
anodic stripping voltammetric (ASV) quantification of trace removed after each scan. The role of thiocyanate, as well as
heavy metals is widespreqtl-6]. Improved sensitivity can  other experimental parameters, namely pH and deposition
be obtained using the in situ plating of mercury, i.e. mer- potential, in the mercury film formation process was exam-
cury is deposited simultaneously with the metals of interest, ined further in a recent work by Monterroso et[dl. Also,
giving a very thin mercury film with a high metal con- the application of TMFEs pre-plated (ex situ) in a 5mM of
centration. The common procedures involve plating in an thiocyanate solution at pH 3.4 was successfully applied to
acidified Hg(ll) solution. However, poor reproducibility of the determination of lead and copper in acidified seawater
the mercury deposition is a frequent problgsh Fisher and without any apparent drawback due to the chloride anion
van den Berg proposed an optimised methodology for the [4].
determination of lead and cadmium in natural waters, using Our interest focused on the application of the in situ
TMFEs optimised by Fisher and van den Bd@] for
mspondmg author. Tels351-234-370732: lead and cadmium, to the simultaneous determination of
fax: +351-234-370084. copper and lead in seawater. Though, the occurrence of
E-mail address. hcarapuca@dgq.ua.pt (H.M. Carapuga). thiocyanate—Cu(l) complexes which are reduced at negative
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potentials at the hanging mercury drop electrode (HMDE) Milli-Q systems, Millipore-waters) was used for preparing

was already documentef¥,8]. In certain experimental all solutions.

conditions (relatively high concentrations of SCNand

of chloride anion) the thiocyanate—Cu(l) reduction peak 2.3. Procedure

may overlap with the stripping peak of lead. Hence, in the

present work, we have studied the effect of thiocyanate The electrochemical experiments with the HMDE and

on the ASV stripping peaks of Cu and Pb. Therefore, the with the in situ TMFE were carried outina 20 mlNaCl0.5M

optimal concentration of thiocyanate had to be re-evaluated sample. The pH was adjusted to 4.0 by addition of RD6f

considering the compromise between good resolution of the NH4Ac/HCI buffer to a cell concentration of 0.01 M and a

copper and lead peaks and good reproducibility of the mer- suitable volume of 0.5 M HCI. Then appropriate amounts of

cury film formation process. The success of this improved ammonium thiocyanate were added. For the in situ TMFE,

methodology is demonstrated by its application to the de- the mercury(ll) concentration was 0.03mM in accordance

termination of copper in the presence of lead, in certified with previous studie$4,6]. All solutions were purged with

seawater (NASS-5). nitrogen for 5 min before the voltammetric measurements.
Three replicate measurements were always performed. The
cell concentrations of cadmium(ll), lead(ll) and copper(ll)

2. Experimental were in the 108 M range. In the ASV experiments the de-
position step was carried out for 60s at a deposition po-
2.1. Instrumentation tential, Egep, —1.3V, whilst the electrode (for the TMFE),

or the stirring rod (HMDE), was rotated at 1500 rpm. Af-

All the voltammetric experiments were performed with ter a 10s quiescent time, the stripping step was performed
a computer controlled potentiostat (PGSTAT-12 controlled from —0.8 to 0V, using a square-wave (SW) scan: frequency
by GPES software from EcoChemie, Netherlands) con- 10 Hz (50 Hz for measurements in the NASS-5 water), am-
nected, via an IME-663 module, to an electrode stand (663 plitude 25 mV and potential step 5mV. The standard ad-
VA-Stand, Metrohm, Switzerland). The three-electrode dition method was used for the analytical determinations.
configuration was used comprising a HMDE or a TMFE In the experiments with the in situ TMFE, each scan was
plated onto a rotating GC disc (1.9 mm diameter, Metrohm) preceded by an electrochemical cleaning stefE@hq =
as working electrodes, a GC rod counter electrode and a++0.6V for at least 15 s, to remove the previous mercury film
double junction Ag/AgCl (3M KCI, saturated AgCl, and [4].
3M KCI in the bridge) reference electrode. All potentials The GC electrode was pre-conditioned by polishing, son-
quoted are relative to this Ag/AgCl reference electrode. All ication and electrochemical pre-treatment in accordance to
experiments were done at room temperature (approximatelypublished procedurgg]. These polishing and electrochem-
20°C). A combined glass electrode (Orion 9104SC) con- ical pre-treatments were repeated daily. When not in use the
nected to a pH meter (Cole Parmer, Model 05669-20) was GC electrode was stored dry in a clean atmosphere.
used for pH measurements.

2.2. Reagents and solutions 3. Results and discussion

Ammonium acetate and ammonium thiocyanate, both  Preliminary ASV measurements of cadmium, lead and
from Riedel-de-Haén were of analytical-reagent grade. copper were done using the HMDE in a 20 ml 0.5M NaCl
Sodium chloride (Merck, suprapur) and hydrochloric acid, buffered solution in the presence of 5mM thiocyanate, the
37%, (Fluka, trace select) were also used. The stock solu-previously suggested concentration for the in situ platting
tion of ammonium acetate (1 M) was cleaned by shaking of mercury films[6]. In these experimental conditions the
overnight with a manganese(lV) oxide (Merck) suspension voltammogram presented only two stripping peaks, at ap-
(9mg 1) followed by filtration through an acid cleaned proximately—0.61 and-0.42V (Fig. 1A). The peak at more
0.45um cellulose acetate membrane filter (Millipore). negative potentials was assigned to cadmium. On the other
Stock solutions of ammonium acetate pH buffer (1M hand, the stripping peak at0.42 V increased with the addi-
NH4Ac/0.5 M HCI) and of thiocyanate 1.0 and 0.01 M were tion of both lead and copper to the cell solution. As depicted
used without further purification. Solutions of metal ions, from Fig. 1, decreasing the SCNconcentration originated
Hg, Cd, Cu and Pb, were prepared by appropriate dilution the progressive deconvolution of the copper peak and, for
of the corresponding 1000 ppm AA-Spectrosol standards a thiocyanate concentration of 0.5mM or lower two sep-
(BDH). Certified seawater reference NASS-5 seawater ref- arate peaks were clearly seen (Fig. 1B and C). The peak
erence was purchased from National Research Council,at less negative potentials was assigned to copper, which
Canada. Dispensing pipettes (5-50 and 50-d0@Pro- is stripped back to the solution as a copper(l)-thiocyanate
line, Biohit) equipped with disposable tips were used for complex[7,8]. In fact, the current intensity of that peak in-
the appropriate dilutions. Deionised water (18.2 kit creased with the concentration of copper. Besides, its po-
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cd Pb Cu Table 1
Peak-to-peak separationEp, between the stripping peaks of Cu and Pb
at the in situ TMFE, as a function of thiocyanate concentration

I S5nA
M © (SON ] (10 25 (n
0 175

10 173
20 154
B
®) 41 146
50 139
(A) 77 124
128 89
! : : : 417 40
-0.8 0.6 0.4 0.2 Cell solution: 0.5M NaCl (pH 4.0) containing 0.03mM Hg(ll), 22nM
E (V) copper and 15nM lead. Deposition time was 60 s-at3V.

Fig. 1. Effect of thiocyanate on the SW-ASV stripping peak of 20nM
copper in the presence of 50 nM lead and 22 nM cadmium, at the HMDE. cating good repeatability of the formation/removing of the

(A) NH4SCN 5mM, (B) NFSCN 0.5mM and (C) N&SCN 0.05mM. mercury film. These low R.S.D. values agree with those re-
Cell solutlon: .0.5M NaCII .|n ammonium acetate buffer, pH 4.0. Experi- ported for the stripping peak of lead using TMFEs produced
mental conditions: deposition at1.3V for 60s, f = 10Hz,a = 25mV, in thi di Th id ; .
potential step= 5mV. in thiocyanate medipd]. There were no evidences of erratic

current baselines and film degradation upon use. Therefore,
eproducible and stable in situ TMFEs can be prepared in
he presence of 0.05 mM thiocyanate in moderate acidic so-
lution of NaCl (pH 4.0) at a deposition potential ofL.3 V.

In this experimental conditions all three metals, cadmium,

lead and copper can be successfully determined with very
good resolution.

The accuracy of the optimised methodology was tested
the predominant formation of a Cu(l)(SCN$pecies and by apalysing copperina certified seawater §ample, NASS-5
agrees with previously reported d47d. The height and po- (National R_esearch Council, Canada). This water sample
tential of the stripping peaks of cadmium and lead remained was used without any pre-treatment. The ASV response for

unaffected by the addition of thiocyanate. Further, no sig- copper and lead using the in situ TMFE under the optimised

nificant changes in the system behaviour were observed bySC'\r concentration 0.05mM, with 5 min deposition time is

changing pH within the interval 4.0-5.6. The same general shown inFig. 2A. The determined concentration of copper

behaviour was observed at a TMFE in situ produced in thio- W?; 4;148 + OI]}?an I(N =f 2)6%’:\’2'(;2 C(Ig/lmf)rires very We}ll
cyanate solution and again, using the thiocyanate concentralVith the certified value of 4. -720M. The amount o

tion of 5mM proposed by Fisher and van den Bgjy only !ead was quqntmed 3(5'4#(.)'1) x1077M (N = 3), V.Vh'Ch
one single peak occurred for both copper and lead. There-S about 10 times the certified value (40 pM). In spite of our

fore, to accomplish the simultaneous determination of cop- best efforts the blank level .Of lead in our Iaborator_y could
per and lead using a TMFE in situ plated in the presence not be lowered any furth.e.rlln order to allqw analysis at the
of SCN-, the optimal concentration of thiocyanate needs pM level. Clean roomfaC|I|t|es would certainly be necessary
re-evaluation. This was done taking into account two main to improve the quality of the work at these very IOW Ie_vels.
features, i.e. the separation of the copper stripping peakNevertheIes:s, the resullts shqw that a full discrimination of
from that of lead (peak-to-peak separation) and the main- both Pb gnd Cu peaks is attainable at t_he trace !evels usually
tenance of a good repeatability in the mercury film forma- present in seawat¢4,6,9]. A further addition of thiocyanate

tion/removing processes. The best values for the first param-

eter occurred for SCNconcentrations lower than 0.08 MM, e 2

where the peak-to-peak separation was higher than 124 mVasv data for 10 successive determinations at in situ TMFEs for 15nM
(cf. Table 1). Considering also that thiocyanate must be in lead and cadmium and 22nM copper in a 0.5M NaCl solution (pH 4.0)
excess relative to the mercury ion in the cell solution (which containing 0.03mM Hg(ll) and 0.05mM SCN

tential shifted towards less negative values upon decreasin
further the concentration of thiocyanate, reaching approxi-
mately —0.18V in the absence of SCNThe variation of
the potential of the copper peak as a function of log[STN
was linear, with a slope ranging between 0.071 and 0.053V
per decade for different experiments (correlation coefficients
approximately 0.999N = 5). This is in accordance with

was present at the concentration 0.03 mM), the optimal value metal ion E (V) Ip (NA) R.S.D. (%) Wiz (V)P
for the concentration of thiocyanate was taken as 0:05 mM Copper 0330 185 20 0.057
(for which the peak-to-peak separation was approximately | o4 —0.469 217 05 0.047
140 mV). Ten replicate measurements under these propose@admium —0.678 268 0.7 0.048

condlthns afforded good quality re;ults for all metal qat!ons, Deposition time was 60s atL3V.
as depicted fronTable 2. The relative standard deviations  a \ean value of the peak currerip,
for the peak currents were all very small, i2.0%, indi- b Mean value of the peak width at half heighty .
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It may be concluded that the re-optimised ASV method-
ology using a TMFE plated in situ in buffered acidic Hg(Il)
solution (pH 4) in the presence of 0.05 mM thiocyanate can
be successfully applied to the simultaneous determination
of copper and lead in seawater.
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