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The trace amounts of lead in extraction glassware products were determined by
potentiometric stripping analysis with constant inverse current in the analytic step
(PSA-iR), an electrochemical technique of high sensitivity and selectivity. This paper
deals with an investigation which was directed to the effect of a great number of factors
on the results of PSA-iR, of lead in glassware, such as the mercury time electro-
deposition, the electrolysis potential, the solution stirring rate and the constant inverse
current. Linearity of the lead analytical signal was achieved within the range of mass
concentrations from 2.5 �g/dm3 to 4.5 �g/dm3. Adetection limit of 0.64 �g/dm3 was ob-
tained, with a reproducibility of 4.14 % expressed as the coefficient of variation. The
analyses were carried out using a computerized stripping analyzer of domestic design
and manufacture (Faculty of Technology, Novi Sad and “Elektrouniverzal”, Leskovac).
The accuracy of the method was confirmed by parallel analyses using flameless atomic
absorption spectrophotometry as the reference method.
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INTRODUCTION

Lead can cause a variety of adverse health effects in humans.1 At relatively low
levels of exposure, these effects may include interference with the red blood cell chem-
istry, delays in the normal physical and mental development in babies and young chil-
dren, slight deficits in the attention span, hearing and learning abilities of children, and a
slight increase in the blood pressure of some adults. It appears that some of these effects,
particularly the changes in the levels of certain blood enzymes and in the aspects of the
neurobehavioral development of children, may occur at blood lead levels so low as to
be essentially without a threshold. Chronic exposure to lead has been linked to
cerebrovascular and kidney disease in humans. Lead has the potential to cause cancer
from a lifetime exposure at levels above the action level.
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The follow-up of the content of lead belonging to the first group of toxic elements
is of special importance due to its cumulative-toxic effect.

Regarding the fact that the toxic and catalytic effect of some metals also becomes
manifested at the contents lower than 1 mg/kg,2 only a few instrumental techniques provide
for their determination, namely, neutron-activation analysis, atomic absorption spectro-
photometry, plasma-emission spectrometry and electrochemical stripping analysis. The de-
tection limit, selectivityandreproducibility, rapidityandsimplicityofelectrochemical strip-
ping analysis (ESA), as well as the price of the device give it some priority.7,9

In this work potentiometric stripping analysis was modified to include constant
inverse current in the analytic step (PSA-iR).

The superimposition of constant inverse current in the analytic step has a double
effect: it leads to the re-reduction of the already oxidized deposit, as well as to the reduc-
tion of the oxygen contents in the vicinity of the working electrode.3,8 Application of
this technique considerably increases the sensitivity of the determination of lead, as the
rate of oxidation of the deposit is reduced along with the concentration of oxygen. The
value of the reduction current must be selected to ensure that the rate of oxidation is
great than the rate of re-reduction.4,5

The aim this study was to define a method for determining the soluble lead in
glassware by applying potentiometric stripping analysis with constant inverse current
in the analytic step (PSA-iR).3–7 In order to carry out the assigned task, a great number
of sample preparation procedures were examined and the corresponding conditions for
the lead PSA-iR analysis defined.

EXPERIMENTAL

Apparatus

The stripping analyzer M1, produced by Elektrouniverzal, Leskovac and the Faculty of Tech-
nology, Novi Sad, is a highly automated instrument for potentiometric and chronopotentiometric
stripping analysis, with microprocessor control of the complete process.8 The analyzer has a program
for automatic qualitative and quantitative determination, involving the calculation of the content of
elements. The instrument can be programmed to employ deposition potentials between –2 and 2 V
and constant currents for the electrolysis or stripping step between –50 and 50 �A, with parameter
setting accuracies of �E < 2 mV and �I < 0.2 �A.

The electrochemical cell consists of a Teflon mechanical stirrer (1000–6000 rpm.), an electro-
magnetic valve, electrodes and the process vessel.

A glassy carbon (SIGRADUR-G) working electrode of 7.07 mm2 total surface area was
pressed into a Teflon tube (outer diameter 8 mm) at an elevated temperature. An Ag/AgCl, KCl (3.5
mol/dm3) electrode was used as the reference and a platinum wire as counter electrode. The reference
electrode was connected with the solution to be analyzed by a salt bridge (0.2 mol/dm3 KNO3).8

A matrix printer RGB 105G was used for recording.

Comparative sample analyses were carried out on a flameless spectrophotometer Perkin
Elmer 1100.

Chemicals and solutions

Acetic acid, glacial (p.a., Merck); hydrochloric acid (supra pure, Merck); acetone (p. a.,
Kemika); standard lead solution, 1 g/dm3 (Titrisol, Merck); standard mercury solution, 1 g/dm3
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(Titrisol, Merck). The working standard solutions of lead and mercury were prepared by diluting the
respective standard stock solution with bidistilled water.

Preparation of the samples

The samples in whose extracts the lead contents were to be determined comprised diverse
glassware products made by “SFS”-Para}in, as well as glass ampoules made by “FS”-Pan~evo which
are used by FHI “Zdravlje” Leskovac for packing its products. For the examination itself, 8 kinds of
glassware samples for food and pharmaceutical products were used.

After examining a great number of sample preparation methods, the preparation procedure de-
fined in the standard methods for this purpose10 was adopted; it has also been applied for the determi-
nation of lead in ceramics.7

The samples for analysis were prepared by extraction with 4 % acetic acid solution. The sam-
ples were filled with the acid to 5 mm below the upper edge of the vessels and then they were left at a
temperature of 22 ± 2 ºC. The extraction lasted for 24 h ± 10 minutes.10 After the extraction, the ex-
tracts were immediately transferred to polyethylene bottles.

For the potentiometric stripping analysis, a 25 cm3 aliquot of the extract was taken and ana-
lyzed without dilution.

Preparation of the working electrode

Athin-layer mercury electrode on glassy carbon as an inert support was used. Before the prep-
aration of the electrode, the glassy carbon surface was prepared by wiping with filter paper soaked
first with acetone and then with distilled water. The mercury film was formed electrolytically from a
solution containing 100 mg/dm3 mercury(II)-ions and 0.02 mol/dm3 hydrochloric acid, at a constant
current of 50 �Afor 240 s.3,11 Once deposited, the mercury film could be used for 25–30 analyses.

RESULTS AND DISCUSSION

The PSA-iR of lead

In order to determine the optimal conditions of the PSA-iR of lead in the chosen
supporting electrolyte, the effects of the time of the electrodeposition of mercury, of the
electrolysis potential, of the solution stirring rate and of the constant inverse current
were examined. After optimization of the conditions for the determinations, both the
linearity of the analytical signal and the detection limit were defined.

The time of the mercury electrodeposition. The mercury film on glassy carbon as
an inert support was formed electrolytically from a solution containing 100 mg/dm3

mercury(II) and 0.02 mol/dm3 hydrochloric acid, at a constant current of 50 �A for 60
to 300 s. The effect of the time of the electrodeposition of mercury was investigated on
the basis of the reproducibility of the analytical lead PSA-iR signal for mass concentra-
tions of lead of 5 �g/dm3 and 15 �g/dm3. The oxidation time dependence (�ox) of lead
PSA-iR on the mercury deposition time (tdepHg) is shown in Fig. 1.

Regarding the results of the investigations, it can be said that the best results were
obtained with a mercury deposition time of 240 s, when a reproducibility of 0.00 %, ex-
pressed as the coefficient of variation, was obtained.

The electrolysis potential. In order to define the optimal electrolysis potential, po-
tentials from –0.80 V to –1.10 V were examined with respect to 3.5 mol/dm3 Ag/AgCl
for cm = 5 �g/dm3. For each particular potential, five repeat measurements were made.
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The highest values of the analytical signal were obtained at a potential of –0.96 V with a
reproducibility of 2.56 % expressed as the coefficient of variation.

The dependence of the oxidation time (�ox), as a quantitative characteristic of
PSA-iR, on the electrolysis potential (E) is shown in Fig. 2.

The stirring rate of the solution. The stirring rate of the solution (that is, of a Tef-
lon rod stirrer) was examined at the values of 1000, 2000, 4000 and 5000 rpm (Fig. 3).
The investigation can not be carry out at a solution stirring rate of 6000 rpm because the
mercury layer peeled from the surface of the glassy carbon electrode. The optimal stir-
ring rate was 4000 rpm., with a variation coefficient of 3.50 % for a lead content of 5
�g/dm3, which was adopted for subsequent experiments.

The constant inverse current. The effect of the constant inverse current on the an-
alytical signal of lead (�ox) for a lead content of 1.5 �g/dm3; tel = 420 s, and for a lead
content of 5 �g/dm3; tel = 180 s on the reproducibility of the determinations expressed
through the coefficient of variation are presented in Table I.
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Fig. 1. Dependence of the oxidation

time on the mercury deposition time cm

= 5 �g/dm3; iR = 1.2 �A; E = – 0.96 V

(Ag/AgCl, KCl 3.5 mol/dm3).

Fig. 2. Dependence of the oxidation

time on the electrolysis potential cm =

5 �g/dm3; iR = 1.2 �A; tel = 360 s.



TABLE I. The reproducibility of the analytical signals expressed through the oxidation time (�ox) and

variation coefficient (Cv) of the constant inverse current (iR)

– iR/�A

Pb concentration

1.5 �g/dm3 5.0 �g/dm3

�ox/s Cv/% �ox/s Cv/%

0.1 – – 0.49 5.53

0.5 0.51 7.73 0.54 8.10

1.2 0.55 6.13 0.95 6.18

1.6 0.63 5.10 1.29 6.61

2.0 0.88 4.13 2.69 3.72

The optimal value of the inverse current for a lead content of 1.5 �g/dm3 was 1.6
�A with a reproducibility of 5.10 %, while for a lead content of 5 �g/dm3 the optimal
current was 1.2 �A with a reproducibility of 6.18 %.

The linearity of the analytical signal. The effect of the linearity of the analytical
signal on the lead PSA-iR was examined for mass concentrations in the range of 2.5–4.5
�g/dm3 at an electrolysis potential of –0.96 V; an electrolysis time of 360 s, a reduction
current of 1.2 �A and a solution stirring rate of 4000 rpm.

The experiments were performed in the following way: first the analytical signal
of a 2.5 �g/dm3 solution of lead was measured using a mercury layer electrode, then the
electrode was rinsed with bidistilled water, and dried on filter paper, then the same pro-
cedure was repeated with lead solutions containing 3, 3.5, 4.0 and 4.5 �g/dm3. After the
first series, the mercury layer was peeled off and a new mercury layer was deposited for
a new series of determinations in the same concentration range. The linearity of the sig-
nal was examined for the three series. For each linear function (� = a + bcm), the param-
eters a, b and the correlation coefficient (r) were calculated. The mean values for a, b
and r are presented in Table II.
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Fig. 3. Dependence of the oxidation

time on the solution stirring rate cm =

5 �g/dm3; iR = 1.2 �A; E = – 0.96 V

(Ag/AgCl, KCl 3.5 mol/dm3).



TABLE II. The values of the parameters of the linear functions � = a + bcm

Number of repetitions a/s b/s dm3 mg-1 r

I Serries 0.221 0.226 0.996

II Series 0.359 0.186 0.994

III Series 0.333 0.202 0.996

From the obtained high values of the correlation coefficient (r > 0.990), it can be
said that there is a very good linearity of the analytical signal within the examined lead
concentration range.

Considering the intercept size (a) on the oxidation axis and the values of the slope
(b), it can be concluded that the standard addition method for these contents of lead is
not reliable since it introduces errors into the calculation.

Detection limit. The detection limit of the PSA-iR of lead is 0.64 �g/dm3, for an elec-
trolysis time of 600 s, at an electrolysis potential of –0.96 V, with a stirring rate of 4000 rpm
and an inverse current of 2 �A. Good reproducibility was obtained with Cv = 4.14 %.

For lower lead contents it is necessary to employ a larger inverse current. In this
way an inverse current of 2 �A was applied for the least determined lead content.

The PSA-iR of soluble lead in glassware

On the basis of the above examinations, a method for the determination of the sol-
uble lead in glassware using potentiometric stripping analysis with a constant inverse
current in the analytical step was defined. The defined method considers the analysis of
samples (extracts of glassware with 4 % acetic acid as the extractant and supporting
electrolyte) on a thin-layer mercury electrode with an electrodeposited mercury depth
of 130 nm on glassy carbona as an inert support. The mercury layer had been formed at
a constant current of 50 �A and a deposition time of 240 s. The electrolysis potential
was –0.96 V against a Ag/AgCl, KCl (3.5 mol/dm3) electrode, during 360 s. The in-
verse current was 1.2 �A and the stirring speed was 4000 rpm.

TABLE III. Lead contents in the glassware extracts determined by the PSA-iR and AAS method

Sample
No. Sample type dm3 Sample

color

The lead contents/(�g/dm3)
Cv/% �T/%PSA (calibr.

curve) AAS

I Jar (0.72) Colorless 2.93 2.80 6.82 4.64

I Jar (1.5) Colorless 2.91 1.80 4.12 61.67

II Bottle (0.70) Green 2.86 2.80 5.24 2.14

IV Bottle for pharm. products (0.06) Brown 2.70 2.80 4.81 –3.57

V Bottle (0.13) Colorless 2.38 1.80 6.30 32.22

VI Bottle (0.70) Green 2.29 1.80 3.05 27.22

VII Bottle (1.00) Colorless 2.30 1.80 7.40 27.77

VIII Jar (0.72) Colorless 1.82 0.80 5.49 127.50
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The results obtained by the PSA-iR method and the results of the reference AAS
method are given in Table III, together with results of the relative deviation between the
two methods and the coefficients of variation.

The results of the comparative analyses show there is a very good agreement be-
tween the PSA-iR and the AAS method. With the sample (VIII) there is a somewhat
greater relative deviation which is the consequence of the very low lead content of that
sample. On the basis of the values of the coefficient of variation, it can be concluded that
it is possible by application of the calibration curve method to obtain more reproducible
values than by the standard addition method where the deviations are somewhat greater.
Hence, the calibration curve method is proposed as the standard method for the deter-
mination of lead in glassware samples.

CONCLUSION

The selectivity, sensitivity and reproducibility of the PSA-iR method for the de-
termination of the soluble lead in glassware were defined. The defined method consid-
ers the analysis of samples (extracts of glassware with 4 % acetic acid as the extractant
and the supporting electrolyte) on a thin-layer mercury electrode; at an electrolysis po-
tential of –0.966 V (Ag/AgCl, 3.5 mol/dm3 KCl), during 360 s, with a reduction current
of 1.2 �Aand at a stirring rate of 4000 rpm. The soluble lead contents leached from the
glassware ranged from 1.82 �g/dm3 to 2.93 �g/dm3.

Regarding the fact that the maximal allowed content of released lead from glass-
ware into acetic acid are 5.0 �g/dm3 for small glassware (V < 1.1 dm3), and 2.5 �g/dm3

for large glassware (V > 1.1 dm3),12 it can be said that all the examined glass samples
were within the specified limits regarding the lead contents. All the results were con-
firmed by parallel AAS analysis.

I Z V O D

PRIMENA POTENCIOMETRIJSKE STRIPING ANALIZE SA KONSTANTNOM

INVERZNOM STRUJOM U ANALITI^KOM KORAKU ZA ODRE\IVAWE

RASTVORQIVOG OLOVA U STAKLENOJ AMBALA@I

BIQANA M. KALI^ANIN1, NIKOLA J. MARJANOVI]2 i ZVONIMIR J. SUTUROVI]2

1Univerzitet u Ni{u, Tehnolo{ki fakultet, Bulevar oslobo|ewa 124, 16000 Leskovac i 2Tehnolo{ki

fakultet, 21000 Novi Sad

Tragovi olova u ekstraktima staklenih ambala`nih proizvoda, odre|eni su pote-

nciometrijskom striping analizom sa konstantnom inverznom strujom u analiti~kom

koraku (PSA-iR), elektrohemijskom tehnikom visoke osetqivosti i selektivnosti. Ispi-

tan je uticaj ve}eg broja faktora na rezultate PSA-iR olova iz staklene ambala`e, kao {to

su vreme deponovawa `ive, potencijal elektrolize, brzina me{awa rastvora i kon-

stantna inverzna struja. Nakon optimizacije uslova, ispitana je linearnost analiti~kog

signala olova u oblasti masenih koncentracija od 2,5 do 4,5 �g/dm
3. Ostvarena je granica

detekcije od 0,64 �g/dm
3 uz reproduktivnost od 4,14 %, izra`enu kao koeficijent vari-

jacije. Ispravnost definisane metode odre|ivawa olova je potvr|ena paralelnim ana-
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lizama sa bezplamenom atomskom apsorpcionom spektrofotometrijom. Analize su izve-

dene na sistemu za elektrohemijsku striping analizu doma}e konstrukcije i proizvodwe

(Tehnolo{ki fakultet, Novi Sad i Elektrouniverzal, Leskovac).

(Primqeno 7. juna, revidirano 5. novembra 2001)
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