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Abstract 

Applications of differential pulse anodic stripping voltammetry using a new pen-type renewed hanging mercury 
electrode have been investigated for trace analysis of lead in pharmaceutical substances and intermediates of their 
syntheses, such as procaine hydrochloride, 4-aminobenzoic acid. methyl 4-aminobenzoate, 2-(4-chlor-3-aminoben- 
zoyl)benzoic acid, benzyl 2-naphthyl ether, 5-aminoisophthalic acid, 3-aminobenzoic acid, 5-hydroxyisophthalic acid 
and N,N'-dibenzylethylenediamine diacetate. Samples were dissolved in 1 M HCI or 1 M NaOH and the electrochem- 
ical scan was carried out. No sample mineralization was necessary. The method showed a good linearity up to 50 100 
ppm Pb with a detection limit less than I0 ppb. The results agreed well, but were more precise than those obtained 
by atomic absorption spectrometry using air/acetylene flame atomisation. 
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1. Introduction 

The presence o f  heavy metals such as lead, 
cadmium,  copper,  mercury,  thallium, etc., in 
pharmacological  substances is usually undesirable 
due to their biotoxicity. The metallic ions men- 
tioned are complexed by proteins with subsequent 
change in their conformat ion.  Trace amounts  o f  
heavy metals in biological, environmental ,  techni- 
cal, food and pharmaceut ical  samples are conven- 
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tionally determined by atomic spectroscopy meth- 
ods, such as atomic absorpt ion spectrometry 
(AAS), inductively-coupled plasma (ICP), ICP- 
mass spectrometry (MS), etc. [I It)] Electro- 
chemical analysis, based on differential pulse 
vol tammetry  (DPV) coupled with a preconcentra-  
tion technique, i.e. anodic stripping vol tammetry  
(DPASV),  exhibits a sufficient detection limit to 
allow the determination o f  traces o f  heavy metals 
in substances of  pharmaceutical  interest [11,12]. 
Different substrates can ser~e as working elec- 
trode, either solid (platinum, gold, glassy carbon),  
composi te  (carbon paste) or  liquid (mercury fihn 
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or hanging mercury drop (HMDE) electrodes [9]). 
It should also be mentioned that mercury mi- 
croelectrodes obtained by deposition of mercury 
onto a surface of a platinum microelectrode gives 
numerous advantages [13], mainly because forced 
convection during the preconcentration stage is 
not necessary. 

In addition, mercury shows high sensitivity to 
heavy metals when compared to others due to the 
creation of amalgams. This is used as the first step 
of the analysis for preconcentration of ions (M" + ) 
into the electrode by bulk electrolysis at a con- 
stant potential value in a stirred solution. The 
second step corresponds to the oxidation of M ° 
back to M" + by shifting the working potential to 
positive values and by recording the resulting 
current against the applied potential. 

Preconcent ration 

M" + + ne i ' M ° 
Analysis 

However, applications of this electrochemical 
method for heavy metal analysis in the presence 
of organic compounds could be limited by part- 
icipation in metallic ion-ligand equilibria. The 
accumulation potential (E, cc) necessary for elec- 
trolysis is affected by the stability of the complex. 
When the stability constant of such a complex 
formed is too high, the E,,cc applied must be 
sufficiently negative and sometimes it may be out 
of the electrode potential working range. Then, a 
total sample mineralization is necessary before the 
DPASV scan. This procedure is also necessary 
when the dissolved organic matrix interferes, e.g. 
in lead determination, because of the presence of 
some electroactive functional groups (nitro-, ni- 
troso-, etc.) which are reduced in the same poten- 
tial range. Oxidative UV photolysis has been 
found to be eminently suitable as a digestion 
method in the case of voltammetric determination 
of Pb, Cd, Pt, Ni and Co (HMDE-DPASV) in 
samples such as water with a high organic load 
(~500 mg 1 ~) of EDTA, picrate and humic 
acid, in beverages (Coca-Cola, fruit juices, wine 
and whisky) and also in biological samples such 
as blood and urine [14]. However, the method is 
rather time-consuming, the decomposition taking 

150 rain. Some products of insufficient degra- 

dation of the organic matrix (fragments from 
destroyed aromatic compounds, etc.) can unfa- 
vourably affect detection limits more than the 
matrix itself [15]. When the sample is insoluble in 
water, it can be derivatized to a soluble com- 
pound, such as sulfonate. However, sulfonates 
and other surfactants may also interfere. It should 
also be mentioned that both procedures, i.e. min- 
eralization and derivatization, give risks of sample 
contamination by heavy metals from the chemi- 
cals used. The natural water sample pretreatment 
for voltammetric analysis is discussed in detail by 
Bott [16]. It is well known that the high amount 
of organic compounds in the sample solution may 
cause the fouling of voltammetric trace metal 
analysis, but not all organic matrices show this 
phenomenon. DPASV was successfully applied to 
determination of copper and zinc in multivitamins 
with mineral tablets [17] using a mercury film 
electrode. No sample digestion for stripping 
square wave voltammetric determination of trace 
lead concentrations in high fructose corn syrup 
and other corn sweeteners was required [18]. The 
similarity between both studies mentioned above 
and the work of this group is the high loading of 
the organic matrix and no sample mineralization. 

In this paper the development is described of a 
simple, reliable, reproducible, sensitive and fast 
sample preparation technique for lead determina- 
tion in intermediates and final products of synthe- 
ses of pharmaceuticals. Interferences from high 
matrix concentrations and other metals possibly 
present in the samples were also studied. 

2. Experimental 

2. I. Reagents 

Lead(II) nitrate, 98% sulphuric acid, hydrochlo- 
ric acid, sodium hydroxide, potassium cyanide 
and iron(II) sulphate heptahydrate (all from 
Lachema, Brno, Czech Republic) were used as 
analytical-grade reagents. Procaine hydrochlor- 
ide, 4-aminobenzoic acid (PAB), 3-aminobenzoic 
acid (MAB), methyl 4-aminobenzoate (MePAB), 
2-(4-chlor-3-aminobenzoyl)benzoic acid (CABB), 
benzyl 2-naphthyl ether (BNE), 5-aminoisoph- 



AI. Prac&/. K. l ' v t ?a . s  J. I'harm. Biomed. Anal. 14 (19961 765 771 

Table  I 

DPASV ca l ibra t ion  parameters ,  peak character is t ics  and  sample  solut ion compos i t ions  

767 

C o m p o u n d  Sensit ivi ty ( ' . S#  E,~ Ep h Solvent  Sample  

(hA ppm ~) ( × 1 0  7) (mV) (mV) weight  

(g per 25 nil) 

C A B B  2.42 0.62 - 1{)()() 620 I M N a O l t  2.5 

BNE 0.95 1.76 - 1700 687 Satd. N a O t t  0.5" 

All: '  10.00 3.38 1500 780 I M N a O I t  1.5 

FlIP 13.75 6.92 1000 680 I M NaOIl 1.1) 

PAB 28.11) 7.70 1500 730 I M N a O t t  2.0 

MAB 31.76 12.19 - 1 5 0 0  750 I M N a O H  1.5 

Procaine 50.00 12.20 1000 420 0.4 M t l ( l  2.0 

DBEI)A 20.00 12.34 I000 420 I M ItCH 0.8 
MePAB 76.1)0 15.92 1000 -430 I M H('I 2.5 

.~ M K ( N  

{ml per 25 ml) 

0%0 

0.25 
0.8(} 

I).(',l) 

:' Sensi t ixi ty recalculated lk)r a rat io C(Pb) ,C(ma t r i x )  - I and  l\~r a bulk  matr ix  concen t ra t ion  of 1 nlol I ~ and  rims given in nA per 
m o l l  
h Potenl iul  of  peak nlaxinlum.  

G r a m s  per 50 ml: full descr ip t ion  is given in text. 

thalic acid (ALP), 5-hydroxyisophthalic acid 
(HIP) and N,N'-dibenzylethylenediamine diac- 
etate (DBEDA) were purchased from Synthesia 
(Pardubice, Czech Republic). Water was purified 
by a Milli Q÷ (Millipore) purification system 
with output conductivity ~ 50 nS cm ~ before 
u s e .  

2.2. Al)l)aralu.v 

For voltammetric measurements, an ECO- 
TRIBO Polarograph (Polaro-Sensors, Prague, 
Czech Republic) interfaced to an IBM compat-  
ible computer  was used. All measurements were 
carried out in a three-electrode system using a 
platinum plate and a saturated calomel electrode 
(SCE) as the auxilary and reference electrodes 
respectively. The high-precision PC-controlled 
pen-type renewed hanging mercury drop station- 
ary electrode (Polaro-Sensors) [19 21] has been 
connected as the working electrode (area 0.86 
rome). All experiments were performed in a 10 
ml glass cell. AAS. carried out on a AAS 3 
instrument (Zeiss, Jena, Germany) with an air/ 
acetylene flame atomiser, has been evaluated as a 
reference method. Samples were dissolved using 
an ultrasonic bath Uc 405 BJ 1 (Tesla) when 
necessa ry. 

3. Procedures 

3. I. Sample  pr¢'paralion 

All samples were simply dissolved in HCI or 
NaOH using an ultrasonic bath, then 0.3 M 
KCN solution was added when necessary, and 
the volume was adjusted with solvent as is 
shown in Table 1. The final volume of the dis- 
solved sample was 25 ml. Only benzyl 2-naph- 
thyl ether was derivatized using sulfonation by 
heating with 2 ml 98'7,, H2SO4 liar z 5 rain until 
SO~ vapours uere generated. After cooling, 5 ml 
of  water was added and mixed in a cooling wit- 
ter bath. This mixture was then quantitatively 
transferred to a 50 ml volumetric flask contain- 
ing 5 ml of saturated NaOH. After cooling to 
room temperalure, water wits tinally added to 50 
rill. 

3.2. l'ollamnzen'r 

A volume of 10 ml of tile sample solution 
prepared as above was placed in the electro- 
chemical cell and bubbled with argon for at least 
5 min in order to remove dissolved oxygen. Af- 
ter bubbling, argon was also admitted above the 
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sample solution surface to prevent oxygen air 
diffusion during the experiment. DPASV was used 
for all measurements. The following general 
voltammetric parameters were used: pulse ampli- 
tude, 50 mV: pulse width, 100 ms; current sam- 
pling at 90% (beginning after 90 ms during the last 
10 ms of  pulse). The scan rate was 20 mV s 1 and 
the valve was opened for 0.2 s. All these parame- 
ters were optimised in our previous work [22]. 
Specific parameters such as accumulation poten- 
tial (E~,cc) are given in Table 1 and are different for 
each sample. Accumulation time (t,,,.~.) applied was 
80 s. However, as this parameter  influences the 
sensitivity (and detection limit) it was found that 
80 s is sufficient time for a lead concentration 
range comprised of 0.1 50 ppm (mg(Pb) kg i 
sample). When higher sensitivity is necessary, t ...... 
must be longer. It should be mentioned that with 
increasing t .... the relative standard deviation also 
increases. Similarly, when the sensitivity is too 
high, decreasing t .... or diluting the sample solu- 
tion is satisfactory. For lead determination, the 
multiple standard addition method was used. 

3.3. A A S  measurements  

For AAS validation, sample solutions with the 
same composition as for voltammetric measure- 
ments were used. The wavelength was 217.0 nm, 
slit 0.3 mm. The lead content was determined 
using the standard addition method as well. 

4. Results and discussion 

4.1. Calibration, sensitiviO' and lineariO' 

As can be seen from Figs. 1 and 2, the baseline 
around the Pb peak in all samples is clean, allow- 
ing good peak readability and a good detection 
limit. The baseline of BNE-su l fona te  solution 
(Fig. le) is probably affected by a strong sorption 
effect of  this molecule which could act as a surfac- 
tant. However, the Pb peak is far enough away 
from those peaks (at ~ - 1400 and ~ - 400 mV 
vs. SCE, Fig. le) to be affected. In the latter 
Figure the calibration line is not shown, but a 
good linearity was obtained. In MAB, which is 

depicted in Fig. 2a, a lead peak is situated on a 
baseline which consists of  three small peaks (be- 
tween - 7 5 0  and 500 mV) which were repro- 
ducible but could not be ascribed to any other 
metal. They may possibly be related to sorption/ 
desorption phenomena of the matrix. This inter- 
pretation is related to the fact that no dependence 
on t ...... was observed as it would be in the case with 
an electrolytic mechanism. However, the Pb peak 
is not affected in our concentration range of inter- 
est (1 50 ppm). 

The potential of  the peak maximum (Ep) is more 
affected by the pH than by the matrix composition 
or by E, ..... as can be seen from Table 1. In general, 
using strongly alkaline media, the E~, values have 
been found in an interval ranging from 780 to 

620 mV. Using strongly acid media, these values 
were shifted to ~. - 420 mV. This shows that the 
activation energy for oxidation of lead in amalgam 
Pb~(Hg), is lower in alkaline than in acidic solu- 
tion, i.e. lead(II) hydroxocomplexes in NaOH so- 
lution are more stable than chlorocomplexes in 
HCI. 

The main factor affecting sensitivity is the ma- 
trix composition [23]. The lead sensitivity values 
obtained are given in Table 1. There is a big 
variation, from 0.95 to 76 nA ppm ~, obtained in 
sulfonated BNE and MePAB respectively. For 
better comparison of sensitivities, these values 
were recalculated assuming the same sample con- 
centration and the same Pb/matrix molar ratio 
(corrected sensitivity, C.S.). When compounds of 
similar structure are compared (AlP vs HIP or 
PAB vs MePAB), the Pb sensitivity (and also the 
C.S.) is ~twice as high in HIP, which shows the 
higher stability of  the Pb AIP than the Pb HIP  
complex (similarly for PAB vs. MePAB). This was 
not unexpected as the amino group acts as an 
electron-pair donor. This result also corresponds 
well with higher sensitivity for Pb(II) in HCl-con- 
taining solutions, where all amino groups are 
protonated and are not acting in complex forma- 
tion (procaine, DBEDA and MePAB). The last 
one, MePAB, shows the highest sensitivity, be- 
cause there is no free functional group. The matrix 
with the lowest C.S. value, CABB, can act as a 
strong complexing ligand, because there are three 
groups in a favourable conformation ("lob- 
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Fig. I. Calibration of lead in substances: (a) procaine: (b) PAB: (c) MePAB; (d) CABB: (e) BNE; (f) AlP. Each part of a figure 
contains three things: DPASV voltammograms, calibration curves with points evaluated from Pb peaks and the formulae of the 
mare matrix form presented in the sample solution measured. Pb 2 ' increments are: (a) 0 10 with step 1 ppm: (b) 0 10. 15, 20, 25, 
30 ppm; it) 0 5, 10: (d) 0 50 with step 10 ppm; (e) 0 10, 20, 30, 40, 50 ppm: and (f) as in (b) plus wtlues 4{) and 50 ppm. General 
parameters: pulse amplitude, 50 mV: width, 100 ms: scan rate, 20 mV s ~: valve opening, (1.2 s. E,,~, Ep and solution compositions 
are given in Table 1 in detail. 

ster-claw"). Ill fact, the Pb peak in a solut ion of 
this substance is large and probably  consists of 
two over lapping peaks, because by increasing the- 

lead concentra t ion ,  the Ep values are shifted to 
more negative potentials  (the shift in simple sys- 

tems is, when it exists, to more positive values; 
compare  Fig. ld with Figs. la, lf, 2b and 2c). In 
addit ion,  the cal ibrat ion plot is not  strictly linear. 

All these facts show that when ( '(Pb)<< C(ma-  

trix), a different complex format ion than in the 

case of a higher lead concent ra t ion  is possible (in 

accordance with the breakpoint  of the cal ibrat ion 

which occurs at ~ 20 ppm, where those overlap- 

ping peaks are of the same height, see Fig. ld). It 

can also be seen from Table 2 that lead in this 
sample of CABB is determined with the worst 
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precision. In this case, the sample digestion de- 
scribed by Pisch et al. [14] is recommended. 

4.2. Inter/'erences 

Except for interferences from matrix and dis- 
solved oxygen discussed above, no interfering 
effects from other species (Cd 2+, Sn 2+, TI +, 

COO- 
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Fig. 2. Ca l ib ra t ion  o f  lead in substances; (a) M A B ;  (b) HIP;  

(c) D B E D A .  Pb 2+ increments are: (a) 0 10. 20 ppm; (b) 

0 140 with step 20 ppm; (c) 0 10 ppm. Other conditions as in 
Fig. 1. 

CrO42 were observed. Only Fe 3 + in the case of 
AlP, HIP, PAB and MAB interfered in lead(II) 
determination (see Figs. lb, lf, 2a and 2b). A 
small peak close to the Pb Peak at ~ - 9 5 0  mV 
unfavourably affects the detection limit. By in- 
creasing the amount of iron, this peak also in- 
creases, but not in a reproducible way (Fig. 3A). 
The same effect has been found for all four sub- 
stances. In the case of MAB and HIP, another 
effect has been found, as is shown in Fig. 3C: a 
very sharp non-redox peak is superposed on the 
main Pb peak at 700 inV. To eliminate these 
effects, we have used KCN, which is the strongest 
iron-complexing agent present in the sample solu- 
tion. As can be seen from Figs. 3B and 3D, both 
interfering peaks are completely suppressed. The 
use of cyanide shows that by increasing the 
amount of KCN, the CN oxidation current 
shifts the positive potential limit to more negative 
values (Figs. 3B and 3D), and subsequently c a n  

totally overlap the Pb peak. Thus, the amount of 
KCN added had to be low and optimised (see 
Table 1). Because of the low complexation of 
lead(II), the addition of KCN decreases the Pb 
peak itself but the decrease was never more than 
5% under the conditions employed here. 

5 .  V a l i d a t i o n  a n d  c o n c l u s i o n  

The DPASV procedures described above were 
applied to determine Pb in real samples and the 
results were compared with those obtained by 
flame AAS. Results are given in Table 2. No 
significant statistical difference (~ = 0.05) was ob- 
served, but the results of DPASV determinations 
were more precise as indicated by values of rela- 
tive standard deviation (RSD). The main advan- 
tage of the H M D E  DPASV technique is that the 
electrodeposition time can be increased for very 
low analyte concentrations. In addition, the sur- 
face renewal of the pen-type H MD E used in this 
study is fully automated by software with high 
reproducibility (RSD = 1.03%, n = 15) compared 
to solid state electrodes, where the surface renew- 
ing procedure may cause problems. Based on the 
experiments presented, DPASV can be recom- 
mended to monitor the lead contamination of 
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Table 2 
Validation of  I)PASV results to those obtained by AAS, n = 3 

Compound  DPASV AAS 

Mean RSD Mean RSD 
(ppm) C;,) (ppm) (*';,} 

C A  B B 0.82 50 I .(10 100 
BN E < O. l 2{I 
A lP  1.11 15 2.9 30 
f l IP  7,0 lO 8.0 5(I 
PAB 3.3 20 1.4 12(1 
MAB 0 .66  5 
Procaine 0.002 20 0.003 IO0 
DBEDA 0.73 15 
MePAB 5.2 20 1.2 33(1 
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