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The risk of drug contamination with toxic metals during
manufacture and storage necessitates the development of
methods for determining trace amounts of such impurities in
various preparations of mineral, plant, and synthetic origin.
The State Pharmacopoeia (RSP-XI) [1] stipulates the drug
analysis for heavy metals by a semiquantitative method
based on the color reactions of such metals with sodium sul-
fide, after which the reaction mixture color is visually com-
pared to the color of a standard solution containing a certain
amount of lead ions. This method is characterized by low
sensitivity, provides for a rather subjectively estimated lead
content, and is incapable of detecting the presence of other
metals influencing the safety of drugs. More detailed and
precise analyses are usually performed by atomic absorption
spectroscopy and HPLC, but these methods require expen-
sive equipment not always available in small laboratories.

In recent years, the analysis for toxic metals in various
objects (environment, food products, raw materials, etc.) is
frequently performed by the method of anodic inversion
voltammetry (AIVA). The AIVA measurements, ensuring
high sensitivity, selectivity, and reproducibility of analysis,
are relatively simple and can be performed on readily avail-
able equipment [2 – 4]. In pharmaceutical analysis, the AIVA
method is employed for monitoring the quality of pure water
and plant raw materials with respect to heavy metals and for
the quantitative determination of some antibiotics, vitamins
[5, 6], and some other biologically active substances.

The AIVA procedure involves two stages: (1) concentra-
tion of a substance (element) from a relatively large volume
of solution within a small sample volume or on the electrode
surface (with stirring at a constant potential); (2) electro-
chemical dissolution of the concentrated material and moni-

toring of the electrochemical characteristics (variation of cur-
rent and potential).

A useful signal in the AIVA measurements is the current
variation (in the form of a peak) corresponding to dissolution
of a concentrated substance deposited on the electrode sur-
face during stage 1. This signal is recorded with the aid of a
polarograph or a voltammetric analyzer. Under otherwise
stationary conditions, the current peak height on the
voltammetric (VA) curve is proportional to the concentration
of dissolved ions, while the peak potential characterizes the
nature of a given substance.

An electrochemical cell for the AIVA measurements
comprises a system of two electrodes (indicator and refer-
ence) in an electrolyte (background) solution containing the
analyzed substance. Selection of the electrode type depends
on the nature of the element to be determined. Metals such as
Zn, Cd, Pb, and Cu, which are more electronegative than
mercury, can be determined using a 10- to 20-�m-thick mer-
cury film electrode operating in a potential interval from
+ 0.15 to –1.6 V. The background electrolyte decreases the
resistance of the solution, creates a buffer maintaining con-
stant pH, and participates in the photochemical reactions of
decomposition of the traces of organic substances under UV
irradiation. The sensitivity of the AIVA technique with re-
spect to microimpurities is characterized by a detection
threshold of 10 – 3 – 10 – 4 mg/liter.

The aim of this study was to apply the AIVA technique to
analysis of the Almagel and Almagel-A preparations for
zinc, cadmium, lead, and copper. Widely used in practice, the
Almagel and Almagel-A suspensions (available in 170-ml
packages) are characterized by complicated compositions,
including both organic and inorganic components (hydrox-
ides of aluminum and magnesium, nipagin, nipasol,
butylparaben, sorbitol, anesthesin). It was of interest to study
the electrochemical behavior of the above metals in such me-
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dia, which provides a basis for their quantitative determina-
tion.

EXPERIMENTAL PART

The experiments were performed with Almagel from
Pharmacia AD (batch c.010399) and Troyafarm (c.100199)
and Almagel-A from Pharmacia AD (c.831298) (all from
Bulgaria).

The samples for analysis were prepared according to the
State Standard GOST R51301–99 [2] by ashing in a labora-
tory furnace of the Temos-Express type (ITM Company,
Russia) operating in a programmed temperature regime. An
exactly weighed amount (about 0.3 g) of a medicinal suspen-
sion was placed into a quartz glass and doubly treated for
20 min with a mixture of 2 ml of nitric acid and 0.5 ml of a
30% hydrogen peroxide on heating to 110 – 130°C. Then the
sample was evaporated to dryness and ashed at a temperature
of 400°C. The mineral residue was mixed with 1 ml of a 6 M
hydrochloric acid and the mixture was evaporated until ob-
taining wet salts. The residue was dissolved in a mixture of
10 ml of doubly distilled water and 0.1 ml of concentrated
formic acid (background electrolyte) and analyzed by AIVA
(see the general scheme in Fig. 1).

The electrochemical cell constituted a cylinder made of
optically transparent quartz glass, which contained
15 – 20 ml of the background electrolyte. The working elec-
trode constituted a mercury film on a silver substrate; the ref-
erence was made to a silver chloride electrode. An aliquot of
the sample solution prepared as described above is intro-
duced into the cell and the signals from zinc, cadmium, lead,
and copper were measured. The AIVA measurements were
performed under UV irradiation using a voltammetric ana-
lyzer of the STA type (TU 4215-001-20694097–98) linked to
an IBM personal computer. The analyzer ensured elimination
of the organic substances and oxygen under the action of the
UV light. The automated system could simultaneously per-
form three analyses (with data processing and calculation of
the metal concentrations); the sample solutions were stirred
by vibrating electrodes; the regime of analysis could be pro-
grammed and controlled.

The electrodeposition of cadmium, lead, and copper
from solution onto the surface of a mercury film electrode
was performed by electrolysis at a potential of –1.2 V for
2 min. The content of zinc in Almagel, which is much greater
than that of the other metals studied (cadmium, lead, and
copper), is measured in the same sample separately, upon
changing the accumulation time (30 sec) and potential
(–1.4 V).

The electrodissolution of deposited elements from the
electrode surface and registration of the analytical signals is
conducted by slowly varying the potential from –1.2 to
+ 0.05 V at a given sensitivity of the analyzer. The measure-
ments are performed according to a preset com-
puter-controlled program in a mixture of 10 ml of doubly
distilled water, 0.1 ml of concentrated formic acid, and 1 ml
of a sample solution. Then additives of the standard solutions
containing cadmium (State Standard Sample GSO 7472–98),
lead (GSO 7252–96), copper (GSO 7255–96), and zinc
(GSO 7490–98) are introduced into the analyzed solution.
The amount of additives is controlled so as to ensure that the
anodic peaks of metals on the VA curve would be approxi-
mately doubled against the initial level. The accumulation
(deposition) and registration (dissolution) of the sample with
standard additives are conducted under the conditions previ-
ously set for the initial sample. Typical VA curves of an
Almagel sample displaying peaks of cadmium, lead, and
copper are presented in Fig. 2.

The program package of the STA system performed cal-
culation of the metal concentrations X [mg/kg] in the
Almagel samples by the formula [2]
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where I1 and I2 are the anodic current [A] peaks in the
voltammetric curves of the initial sample and the sample
with standard additives, respectively; Cadd is the element
concentration in the standard solution [mg/liter]; Vd is the ad-
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Fig. 1. General scheme of AIVA analysis.
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Fig. 2. VA curves of Almagel with signals due to cadmium, lead,
and copper: (1 ) background; (2 ) initial sample; (3 ) sample with
standard additives.



ditive volume [ml]; Vmin is the mineral residue volume [ml];
Val is the sample aliquot volume [ml]; and m is the weight of
a sample taken for analysis [g].

The correctness of the method was checked by analysis
of a series of samples containing known amounts of intro-
duced elements, with the standard preparation and measure-
ment procedures. The results of measurements for cadmium,
lead, and copper are summarized in Table 1. It was found that
the content of zinc in the samples of Almagel- A (c.831298)
and Almagel (c.010399 and c.100199) was 0.724, 0.538, and
0.496 mg/kg, respectively. According to the normative docu-
mentation for Almagel (42–9653–98) and Almagel-A
(42–9562–98), the content of heavy metals must not exceed
10 mg�kg. The amounts of zinc, cadmium, lead, and copper
in the analyzed series of suspensions were considerably be-
low this limit.

Thus, we have demonstrated the possibility of using the
method of anodic inversion voltammetry for monitoring the
content of zinc, cadmium, lead, and copper in Almagel and

Almagel-A preparations and developed the corresponding
analytical procedure.

REFERENCES

1. USSR State Pharmacopoeia, XIth Ed. [in Russian], Moscow
(1987, 1990), Vol. 1, p. 172; Vol. 2, p. 25.

2. State Standard GOST R51301–99. Food Products and Raw Ma-
terials. Method of Inversion Voltammetry for Determining Toxic
Elements (Cadmium, Lead, Copper, and Zinc) [in Russian].

3. Kh. Z. Brainina, E. Ya. Neiman, and V. V. Slepushkin, Inversion
Electroanalytical Techniques [in Russian], Khimiya, Moscow
(1988).

4. Electroanalytical Methods for Environmental Monitoring [in
Russian], Khimiya, Moscow (1990).

5. G. Slepchenko, L. Anisimova, E. Zakharova, et al., Proceedings
KORUS 2000. The 4th Korea-Russia Int. Symp. on Science and
Technology, Ulsan (2000), pp. 165 – 168.

6. L. Anisimova, V. Slihchenko, O. Philichkina, et al., Abstr. of the
3rd Russian-Korean Int. Symp. on Sci. and Technol. KORUS’99,
Novosibirsk (1999), Vol. 2, p. 634.

Determination of Heavy Metals in Almagel and Almagel-A Preparations by Anodic Inversion Voltammetry 279

TABLE 1. Results of Determining Cadmium, Lead, and Copper in Almagel and Almagel-A by AIVA (n = 5)

Preparation Element
Metrological Characteristics

X , mg�kg S, mg�kg Sr , % X � �X

Almagel-A, Pharmacia
AD (c.831298)

Cadmium 0.035 0.0004 1.1 0.035 � 0.001

Lead 0.168 0.0038 2.3 0.168 � 0.005

Copper 0.062 0.0040 6.5 0.062 � 0.005

Almagel, Pharmacia AD
(c.010399)

Cadmium 0.024 0.0025 10.4 0.024 � 0.003

Lead 0.174 0.0119 6.9 0.174 � 0.015

Copper 0.030 0.0021 7.0 0.030 � 0.003

Almagel, Troyafarm
(c.100199)

Cadmium 0.018 0.0007 4.0 0.018 � 0.001

Lead 0.248 0.0031 1.3 0.248 � 0.004

Copper 0.036 0.0031 8.5 0.036 � 0.004


