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ABSTRACT 
 
 
Among the various environmental pollutants, heavy metals such as cadmium and 

mercury are considered the most important. Due to high stability and ability for 

bioaccumulation they are extremely dangerous for all biological organisms and 

especially for humans. That�s why a matter of great importance is to analyze and 

quantify these toxic agents in the environment. In this regard, methods of analysis 

play not the last role. Methods are different: atomic absorption spectrometry, 

atomic emission spectrometry etc. Often these techniques require complex sample 

preparation and expensive instrumentations. In contrast, voltammetric methods 

particularly anodic stripping voltammetric (ASV) have some advantages such as 

little or no sample pretreatment and low cost instrumentation. In addition the 

analytical set is very compact. The aim of this work was to improve anodic striping 

voltammetric (ASV) methods of analysis for mercury and cadmium detection. The 

improved method was applied for natural water quality monitoring: some water 

samples from the delta of Northern Dvina River were analyzed by the method.   
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1 INTRODUCTION 
 
1.1 Brief description of heavy metals 
 

�Heavy metals� is a term which is used to define metals with elemental 

densities above 5 g/cm3. As many other metals they can be found in the Earth's 

shell. Human body also contains small amount of these substances. Mainly they 

get to organisms via food, drinking water and air. Some heavy metals (e.g. copper, 

selenium, zinc) are involved in the metabolism of the human body (so called 

�essential elements�) but at very low concentrations. If the concentration of heavy 

metal in the environment and as a result in a body exceeds certain amount it can be 

toxic. The reason of heavy metals poisoning is e.g. metals contained water pipes �

drinking water pollution, or    air emissions from factories.  

Danger of heavy metals is in their ability for bioaccumulation. 

Bioaccumulation is a deposition of a chemical substance in a biological organism 

with an increase of its concentration in the organism every time this substance is 

emitted to the environment independently from its amount. Accumulation of 

compounds in living things is faster than its decomposition and happens at any 

time they are exposed to the substance.  

Environmental pollution from industry is main source of high amounts of 

heavy metals in the environment. Food poisoning is a consequence and the easiest 

way to enter human body. 

Such an environmental pollution has the internationally known example which 

occurred in Japan between 1932-55. In 1932 �Chisso�s chemicals� built a plant for 

sodium alkali production by amalgam process on Minimata Bay in Japan. Sewage 

of the plant contained mercury and were released into Minamata Bay. The mercury 

was consumed by sea creatures and especially by fish. In 1952, strange illness 

caused the death of dozens of people and animals. In total 500 victims were 

recorded. The reason was identified later. It appeared to be mercury poisoned fish 

which was consumed in great amounts by the population of Minimata Bay. Since 
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then, all industrialized world and especially Japan has passed strict environmental 

laws and the illness has become known as the Minamata disease [1-3]. 

 

1.2 History of voltammetry development 
 

The birth of voltammetry is considered to occur in experiments of the great 

scientist Yaroslav Heyrovsky in Czechoslovakia in 1922 [4]. 

Heyrovsky as many of the scientists of the 20th century worked with 

mercury.  

The nature of the liquid�metal interface had been studied since the late 19th 

century. Measuring of the surface tension of mercury gave good results in this 

field. 

 Electrocapillary measurements were carried out on the dropping mercury 

electrodes (DME), which consisted of two parts: mercury bulb and narrow mercury 

tube attached to it. The mercury drops fell from the capillary tube and were 

weighed as a function of potential.  

Heyrovsky discovered that it possible to identify the species in solution 

reduced at the mercury drop by measuring the current while the potential of the 

electrode was changed. He and his co-workers studied the process occur at the 

DME and worked out the theory of this method. It was called polarography. 

Current-potential dependences obtained during analysis were called i-E curves. 

During early polarography, current and potential changing were measured 

manually with a potentiometer and a light-beam galvanometer, a very complicated 

process. In 1925, an automatic instrument for i–E curves recording was developed 

by Heyrovsky and Shikata. It was the first strip chart recorder and was called 

�polarograph�. 

The classic DME was replaced by the static mercury drop electrode and is 

rarely used now.  
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During the 1940s and early 1950s basic polarographic method was 

improved. All investigations had aim to increase the sensitivity of polarography 

and the speed of the experiments. But the electronic instrumentation was still 

complicated and expensive, strip chart recorders were slow and these methods 

were not widely used at the time .  

The 1950s and early 1960s chronopotentiometry (also called �constant 

current voltammetry�) described by Delahay became widespread. In this method a 

constant current is applied to the electrode  and the potential�time response is 

monitored. This method was also developed by Reilley, Murray, Reinmuth, Bard, 

but never became popular.  

At the time many investigations were made to widen the range of 

voltammetric measurements to much more positive and negative potentials. It was 

achieved by the use of aprotic solvents. 

In 1969, Adam�s �Electrochemistry at Solid Electrodes� in which studying 

of the oxidations of organic molecules on solid electrodes (platinum and carbon) 

was described began the era of solid electrodes.   

Later Levich and co-workers in USSR made an important advance in solid 

electrode voltammetry by the invention of the rotating disk electrode (RDE) and 

later the rotating ring-disk electrode (RRDE).  

The sensitivity of voltammetric methods was further increased by 

accumulation a substance (usually metal) on a solid electrode surface and then 

anodically stripping it back into solution. The current was measured during the 

stripping step (stripping analysis).  

Rogers and Shain were first to make early work in stripping analysis in the 

early 1950s. Stripping voltammetry had considerable advantages, compared with 

direct voltammetry. The major is that the analyzable substance is preconcentrated 

so that the voltammetric (stripping) current is less interfered by the charging 

current and an accuracy of the method became higher. Stripping analysis is 

applicable for analyzing compounds in very dilute solutions. Metal ions either 

alone or in mixtures are usually determinate by anodic stripping voltammetry. First 
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they are deposited on the cathode and then are anodically dissolved (stripped) with 

a linear potential scan [4-5]. 

1.3 Objectives of the present work 
 
The objectives of this work are: 

! to gain an understanding of anodic stripping voltammetry; 
 

! to improve the anodic stripping method of cadmium and mercury 
detection;  

 
! to apply improved method for real water samples for water quality 

monitoring purposes; 
 

! to describe basic properties of cadmium and mercury and effects that 
they have on humans and environment; 

 
! to enumerate probable sources of environment pollution with mercury 

and cadmium.  
  
 

2 GENERAL BASIS OF VOLTAMMETRY 
 

2.1 Ordinary voltammetry 
 

�Voltammetry� is a general name of electrochemical methods which are 

based on potential-dependent current measurements. Voltammetric methods are 

widely used in analytical chemistry and various industrial processes. 

 

Measurements are usually carried out using two- or three-electrode 

electrochemical cell. (Figure 1) The cell consists of a reference electrode, a 

working electrode, and a counter electrode (the auxiliary electrode) included only 

in three-electrode cells [4].  
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Figure 1. (a) Apparatus for voltammetry with a two-electrode cell, appropriate for 

use in solutions of low resistance and microelectrodes. (b) Apparatus for 

voltammetry with a three-electrode cell [4].  
 

 
 

Figure 2.Three-electrode electrochemical cell 

With an aid of external power supply it is possible to apply any potential on 

the electrical chain. It is measured between the reference electrode and the working 

electrode. The current caused by the reaction in the system is measured between 

the working electrode and the counter electrode. Current-potential dependences 
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called i-E curves or voltammetric curves are obtained by gradual changing of the 

applied potential and recording corresponding current.  

Working electrode is a cathode in a majority of cases and a counter electrode 

which has much greater surface area is used as an anode. Applied voltage E causes 

a polarization of the anode and cathode and also is used to make current flow 

through the analyzed solution: 

E=εa -εk +iR, 
Where i-current, R- resistance of the solution, εa, εk �potentials of the anode 

and cathode respectively. 

Resistance of the solution is reduced by adding background electrolyte into 

the solution, so iR can be neglected.  

Potential of the anode is constant during electrolysis in spite of increasing 

voltage because current of the 10-5order makes too little current density on a large 

surface of the anode and its polarization (changing of the potential) is negligible. 

Thus, the potential of the little cathode: 

E- εa = - εk     
And then  

E= - εk     
If electrode with low surface area is anode: 

E+ εk= εa

 

Usually voltammetric techniques use solid electrodes as a working electrode 

(glassy carbon, platinum, and/or gold), and non-polarized saturated calomel 

electrode with large surface area as the reference one.   

As soon as potential of the working is amount to a certain value ions from 

the solution begin to reduce on the cathode. This potential is called reduction 

potential. The background electrolyte added to increase conductivity must have 

more negative reduction potential.  
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At the reduction potential the current suddenly increases and grows up till it 

reaches a maximum value. This current is called saturated (limiting) current and it 

is proportional to the amount of the analyzing compound in the solution. The value 

of the saturated current obtained during the experiment is used in mathematical 

calculations. Attainment of the limiting current is shown on a voltammetric curve 

which has a current peak. Peak potential of the curve (E) serves to identify the 

metal ions in the sample because it differs for each substance. (Figure 3).  

 

 

Figure 3. Voltammetric curve. 

Peak potential can be negative or positive so the voltammetric analysis are 

carried out both in negative and positive fields [5].    

Besides varying the direction of the potential, the method of the potential 

change also differs.  There are two commonly used techniques: Linear Sweep 

Voltammetry (LSV) and Differential Pulse Voltammetry (DPV). The simplest one 

is LSV where the potential is scrutinized linearly as a function of time. In DPV the 

current is measured in pulses by taking two values and recording the difference as 

the potential is increased. DPV has lower detection limit [6].  

 Voltammetric curve may be distorted because of oxygen which is present in 

the analyzed solution. Dissolved oxygen is reduced on the electrode and another 

current peak corresponded to this process appears on the curve. Oxygen presence 

disturbes voltammetric analysis and it is removed by bubbling an inert gas through 

the solution [5].  
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2.1 Stripping Voltammetry   
 

Stripping voltammetry is one of the numerous voltammetric techniques. It is 

commonly used for metal ions detection, 

Stripping voltammetry includes two steps.  First, metal ions are accumulated 

on an electrode at a suitable potential. This potential is called �deposition 

potential�. The deposition continues during appropriate time which has a name 

�deposition time�. The solution is stirred during accumulation to maximize the 

amount of metal deposited. 

 

    Mn+ + ne- = M 
 

Second, the metal deposits are dissolved in the solution. During this striping 

step the potential is scanned with a certain rate. The measuring of the limiting 

current in contrast to ordinary voltammetry is carried out at this step.  

M = Mn+ + ne- 
                                                     This is measured as 
                                                        peak current Ip 

 

The curves obtained using such method and ordinary voltammetry look 

alike. The method is applicable for simultaneous detection of several metal ions. If 

solution contains two or more compounds the curve will have two or more current 

peak on it in the order of their deposition peak values.(Figure 4) 
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(1)  

Figure 4. Voltammetric curves: 1)Accumulation/ Preconcentration step; 2)Stripping step 
 

 

Using Faradays law it is possible to calculate amount of metal, in moles, 

deposited on an inert electrode during the first step: 

 

Where,  M-amount of deposited metal, in moles; 
   iL= limiting current for the deposition of the metal 

F= Faraday 
td= Deposition time 
 

Peak current obtained during the second step enables to calculate the 

concentration of the substance in the solution using the following equation: 

 

Where, A = Area,  
I = thickness, 
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CA = concentration, 

    = potential scan rate 
 

After measurements the electrode is cleaned from the rest of the metal 

deposits by keeping it at a certain �cleaning potential� during a period of time of 

which has to be equal to the deposition time [7]. 

Depending on a sign of a potential scan the stripping step may consist of a 

positive or a negative field, creating either an anodic or cathodic current 

respectively. 

Each technique has its name and is called Anodic Stripping Voltammetry (ASV) 

and Cathodic Stripping Voltammetry (CSV).   

   

 
 

3 GENERAL DESCRIPTION OF HEAVY METALS 
 

3.1 Cadmium  
 

3.1.1 Notable characteristics 

Cadmium (�Cd�) is a chemical element of the II group of the periodic table 

that has atomic number 48, molecular weight 112,41, consists of the mixture of 8 

stable isotopes. Cadmium is a bluish-white soft, malleable, easily melted metal 

with density 8,65 g/ cm3 (this fact allows to count cadmium heavy metal).  It has 

two oxidation states +2 and +1, +2 is the most common. In its properties cadmium 

is similar to zinc [8-9]. 

 

3.1.2 Applications 

• Batteries (especially Ni-Cd batteries)   

• Alloys.  
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• Color television picture tubes.  

• Pigments 

• PVC as stabilizers.  

• Molecular biology [9].  

 

3.1.3 Health and Environmental Effects 

 

Cadmium enters human body mainly through food. Examples are liver, 

mushrooms, shellfish, mussels, cocoa powder and dried seaweed.  

An exposure to high cadmium levels occurs when people smoke. Tobacco smoke 

transports cadmium into the lungs. Blood transports it through the body where it 

can have toxic effects.  

Other high exposures can occur with people who live near hazardous waste 

sites or factories that release cadmium into the air (heat-and-power engineering) 

and people that work in the metal refinery industry. When people breathe in 

cadmium it can damage the lungs. This may even cause death. 

Surface water pollution with cadmium may occur because of sewage waters 

from factories (e.g. batteries production), drainage waters from waste dump, 

precipitation polluted by gaseous emissions. Cd-containing wastes such as 

accumulators and batteries which are not treated are the source of elevated levels 

of cadmium in water [10].   

Cadmium is first transported to the liver through the blood. There, it is bond 

to proteins to form complexes that are transported to the kidneys. Cadmium 

accumulates in kidneys, where it damages filtering mechanisms. This causes the 

damages of essential proteins and sugars from the body and further kidney damage. 

It takes a very long time before cadmium that has accumulated in kidneys is 

excreted from a human body [9].  
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3.2 Mercury 
 

3.2.1 Notable characteristics 

Mercury (�Hg�) is a chemical element of the II group of the periodic table 

that has atomic number 80, molecular weight 200, 59. It is a silvery metal liquid 

near room temperatures, which vapor is very toxic. Density of mercury is equal to 

13, 55 g/cm3 (as cadmium it belongs to heavy metals) [8-9]. 

3.2.2 Applications 

• The manufacture of industrial chemicals 

• Electrical and electronic applications 

• Thimerosal, an organic compound used as a preservative in vaccines and 

tattoo inks (Thimerosal in vaccines).  

• Laboratory instruments (barometers, diffusion pumps, coulometers, mercury 

switches).  

• Mercury-vapor lamps. 

• Nuclear reactors. 

• Electrochemistry (part of the calomel electrode). 

• Sodium hydroxide and chlorine production. 

• Electrodes in some types of electrolysis. 

• Batteries (mercury cells). 

• Catalysts. 

• Insecticides 

• Dental amalgams [9] 

3.2.3 Health and Environmental Effects 

Mercury enters the environment as a pollutant from various industries: 

• Coal-fired power plants (gaseous emissions).  

• Chlorine, steel, phosphate & gold production on Hg liquid electrode 

(sewage).  
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• Metal smelting (sewage). 

• Manufacture & repair of weather and electronic devices (sewage). 

• Incineration of municipal waste streams (gaseous emissions). 

• Unapproved waste dumps (Hg-containing wastes without correct treatment) 

(drainage waters, gaseous emissions)  

• Laboratory work involving mercury or sulfur compounds (wastes).  

Mercury from the environment enters the living organisms. Human�s 

mercury uptake occurs through the food. Mercury is not naturally found in 

foodstuffs, but it can be spread within food chains by smaller organisms that are 

consumed by humans, for instance fish. Mercury concentrations in fish usually 

greatly exceed the concentrations in the water they live in. Through vegetables 

which were grown on the fields sprayed with mercury containing insecticides, 

mercury can enter human bodies. 

  

Mercury has a number of effects on humans:  

-Disruption of the nervous system 

- Damage to brain functions 

- DNA damage and chromosomal damage 

- Allergic reactions, resulting in skin rashes, tiredness and headaches 

- Negative reproductive effects, such as sperm damage, birth defects and 

miscarriages [9].  

 

4 ENVIRONMENTAL MONITORING 
 

4.1 General description 
 

Globally the quality of the environment tends to decline because of human 

activities. Different pollutants are exposed to the air, water, soil. Intensive 

management and action by government, society and manufacturing can reduce or 

reverse the decline in the environment quality. To achieve this aim, environment 
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quality must be measured (monitored) regularly. This activity is called 

environmental monitoring.  

Environment monitoring is necessary to: 

• control pollution  

• get knowledge about the effectiveness of ecological programs; 

• develop ecological standards for industry.  

 

Environment monitoring differs in regard to the object. There are: 

- air quality monitoring 

- water quality monitoring 

- soil quality monitoring 

- space monitoring etc. 

 

All these are important and have its own special features but one of the most 

complicated is water quality monitoring. Water covers almost 80 % of the area of 

our planet. Through centuries scientists have been studied amazing properties of 

this unique solvent. Due to this water property to dissolve almost everything, all 

environment pollutants from human civilization tend to appear in hydrosphere in a 

certain period of time.  

Water quality monitoring is the regular and scrupulous collection and 

analysis of samples, interpretation and analytical measurements to provide 

information and knowledge about the hydrosphere.  

   

4.2 Heavy metals in water quality monitoring 
 

There are thousands of pollutants that enter environment and its number is 

continuously increasing. Among others heavy metals were called the most 

dangerous. Been toxic even in trace levels they can present everywhere in the 

environment. As many biogenic elements heavy metals follow a �cycle� in the 
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environment, which involve water (surface, ground, precipitation), air, soil (bottom 

sediment), biosphere (plants, animals, fish, human). (Figure 5)  

 

Figure 5. Heavy metal cycle [10] 

 

But the �main� part of this cycle is of course water and the main goal of 

surface water quality monitoring of heavy metals is to detect and quantify these 

agents. The key for successful result of this activity is to find appropriate method 

of analysis. Usually such method should be highly selective, reproducible, 

available for automation and inexpensive.  

There are few methods that fit these requirements. First of all it is atomic 

absorption spectrometry and atomic emission spectrometry. Methods are selective, 

sensitive, and reproducible but require too expensive and complicated 

instrumentation that makes these methods inaccessible for a wide range of 

laboratories. In contrast ASV has inexpensive, available for automation and 

compact instrumentation. 
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 4.3 Voltammetry in heavy metals monitoring 
 

ASV determination of heavy metals in water monitoring is successfully used 

nowadays [11-14]. There are a lot methods developed for all heavy metals used 

different voltammetric analyzators  each of which has similar and different 

parameters [15-17]. One of the questions of interest is to check whether one 

method is applicable for metal detection on other voltammetric analyzators.      
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1 INSTRUMENTATION 
 

The experimental set includes computer and �Ecotest-VA� Voltammetric 

analyzer (see figure 6) 

 

     
Figure 6. �Ecotest-VA� voltammetric analyzer with �Modul-EM� device 

 

Three-electrode cell used for measurements consists of working, counter and 

reference electrode. For cadmium, a glassy carbon electrode was used as working 

electrode, for mercury � a gold electrode. The counter electrode was a glassy 

carbon and an Ag/AgCl (sat. KCl) electrode was used as the reference electrode.  

The instrumental parameters for ASV are shown in the table 1. 

 

Table 1. The instrumental parameters for ASV. 

Value Parameter Unit 

Cadmium Mercury 

Potential scan rate mV/s 50-100 50-100 

Accumulation potential mV -1300 -250 

Accumulation time s 60-300 180-600 

Purification potential mV 0 1700 
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Purification time s 60-300 180-600 

Approximate  peak 

potential 

mV -550-600 650-700 

Electrode rotation rate rpm 1600 1600 

Rest period s 10-15 10-15 

Frequency Hz 25 25 

Potential amplitude mV 30 30 

 

 

2 PROCEDURE 
  
Chemicals used: 
  
1. H2O2  (suprapure) 

2. HNO3 (suprapure) 

3. HCl (suprapure) 

4. HClO4 (suprapure) 

5.  KCl (suprapure) 

6. C2H5OH (suprapure) 

7. Hg(NO3)2 (suprapure) 

8. Nitrogen  (high purity, O2 content < 0.03 %) 

9. Standard Hg and Cd solutions (1 g/l) 

10. Water distilled 

 
The sequence of the analysis is shown in figure 7. 
 
Presence of organic substances and dissolved oxygen affects the results of 

the mercury analysis and have to be removed. Organic substances are removed by 

oxidizer (H2O2 + HNO3) and the probe photolysis for 90 min. in a UV-camera. To 

prevent oxygen affection the cell content is deaerated with nitrogen for 300 s 

before each measurement.  
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Figure 7. Sequence of the analysis 
 
 

Gold electrode was electrochemically activated before each 3 experiments 

series to prevent the results distortion due to the electrode poisoning. 

Electrochemical activation is electrode potential scan with high rate. Glassy carbon 

electrode was activated (cleaned) by polishing with a filter paper wetted in ethanol 

before each experiment series [18-19]. 

 

3 EXPERIMENTS 
 

The method that was planned to use for cadmium and mercury detection was 

developed for voltammetric analyzer called �AKV-007� but voltammetric 

analyzers don�t differ very much in configuration so the method was tested on 

another analyzer �Ecotest-VA�. Testing of the method includes carrying out the 

experiments with different metals concentrations. Then obtained values were 

compared with the calculated (known) concentration of the metal in the 

electrochemical cell. Program equipment of the �Ecotest-VA� analyzer allows 

calculating the concentrations in two ways: using area under the curve anode peak 
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and the height of this peak.   Both calculated values were compared to the known 

concentration and the error of the experiment was computed for both cases.  

The method offers a high range of the parameters such as accumulation time 

and potential scan rate. The improvement of the method consisted of varying these 

parameters in the pointed limits. Calculating the experiment error indicated the 

optimal parameters.    
  
 

4 RESULTS AND DISCUSSION 
 
 

Parameters used for testing are shown in the table 2. 

 

Table 2. Parameters used for testing the method 

Value Parameter Unit 

Cadmium Mercury 

Potential scan rate mV/s 50 50 

Accumulation potential mV -1300 -250 

Accumulation time s 300 600 

Purification potential mV 0 1700 

Purification time s 300 600 

Electrode rotation rate rpm 1600 1600 

Rest period s 10 10 

Frequency Hz 25 25 

Potential amplitude mV 30 30 

 
 
 

Voltammetric curves of the probes with different metal concentrations (table 3 and 

4) obtained during the experiments are shown in figures 8, 9.  
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Table 3. Cadmium concentrations used in experiment 

Cd concentration, (μg/l) 

Obtained using Probe № Calculated 
(standard value) 

 peak area peak height  

1 7,99 4,24 5,1 

2 23,94 15,4 17,1 

3 55,69 48,9 56,7 

4 118,57 106,1 113,8 
 

Table 4. Mercury concentrations used in experiment 

Hg concentration, (μg/l) 

Obtained using Probe № Calculated 
(standard value) peak area peak height  

1 2 1,73 2,25 

2 6 5,68 6,4 

3 13,8 13,7 14,4 

4 29,13 27,9 35,3 
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Figure 8. Voltammetric curves for Cd 
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Figure 9. Voltammetric curves for Hg 

 
Deflection of the obtained concentration from the calculated on is shown in 

figures 10-13. 
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Figure 10. Cd concentration as a function of the peak area 

 
 

 
Figure 11. Cd concentration as a function of the peak height 
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Figure 12. Hg concentration as a function of the peak area 

 

 
Figure 13. Hg concentration as a function of the peak height 

 
From figures 8, 9 we can conclude that peak current value in the cell is 

proportional to the metal concentration in the cell. Concentrations obtained during 

the experiments have maximum error 20%. Correct (calculated) concentration 

value is between concentration values computed by two methods: peak area and 

peak height. 

Results of the carried out experiments indicate that the method developed for 

�AKV-007� voltammetric analyzer is quite applicable for �Ecotest-VA� device. 

Improvement of the method for Cd, which includes experiments with 

varying accumulation/ purification time and potential scan rate, is shown in figures 

14- 15 and table 5. The best results for Cd measurements were obtained for 
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potential scan rate 60 mV/s and accumulation/ purification time 300 s. This 

configuration then was used for natural water samples analysis.  

Table 5. Method improvement for cadmium. Bold figures show the best results 

obtained during the experiments.  

Potential 
scan rate, 

mV/s 

Accumulation/ 
Purification 

time, s 

 Cd concentration, μg/l  

(peak area) 

Error, δ % 

30 300 2,1 5,2 

60 300 1,94 2,8 

90 300 1,66 16,8 

120 300 1,76 11,8 

150 300 2,09 4,7 

60 60 1,13 27,7 

60 120 1,59 11,6 

60 180 1,50 16,6 

60 240 1,63 9,4 

60 300 1,64 8,8 

 

                

1- 50 mV/s; 2- 120 mV/s; 3- 90 mV/s; 4- 60 mV/s; 5- 30 mV/s 

 30



Figure 14. Voltammetric curves of the Cd probes with different potential scan 

rates 

 
1- 60 s; 2- 120 s; 3- 180 s; 4- 240 s; 5- 300 s 

Figure 15. Voltammetric curves of the Cd probes with different accumulation/ 

purification time 

Improvement of the method for Hg, which includes experiments with 

varying accumulation/ purification time and potential scan rate, is shown in figures 

16- 17 and table 6. 

The best results for Hg measurements were obtained for potential scan rate 

60 mV/s and accumulation/ purification time 600 s.  

 

Table 6. Method improvement for mercury. Bold figures show the best results 

obtained during the experiments. 

Potential 
scan rate, 

mV/s 

Accumulation/ 
Purification 

time, s 

 Hg concentration, μg/l 

(peak area) 

Error, δ % 

30 600 2,06 6,3 

60 600 2,00 3,0 
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90 600 1,80 11,8 

120 600 1,83 12,0 

150 600 2,04 5,7 

60 180 2,6 27,7 

60 240 2,23 11,6 

60 360 1,80 16,6 

60 480 2,01 7,2 

60 600 2,04 6,6 

 

 

 
1- 150 mV/s; 2- 120 mV/s; 3- 90 mV/s; 4- 60 mV/s; 5- 30 mV/s 

Figure 16. Voltammetric curves of the Hg probes with different potential scan 

rates 
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1- 180 s; 2- 240 s; 3- 360 s; 4- 480 s; 5- 600 s 

Figure 17. Voltammetric curves of the Hg probes with different accumulation/ 

purification time 

 

5 PRACTICAL APPLICATION OF THE METHOD 
 

For practical application  of the improved method several probes were taken 

in the Northern Dvina River in the sites denoted on the map (figure 18). 
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Figure 17. Northern Dvina�s delta 
 

Cd and Hg content in the probes were determined by ASV method with 

following parameters (table 7): 
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Table 7. ASV parameters used for Cd and Hg determination 

Value Parameter Unit 

Cadmium Mercury 

Potential scan rate mV/s 60 60 

Accumulation potential mV -1300 -250 

Accumulation time s 300 600 

Purification potential mV 0 1700 

Purification time s 300 600 

Electrode rotation rate rpm 1600 1600 

Rest period s 10 10 

Frequency Hz 25 25 

Potential amplitude mV 30 30 
 

Obtained concentrations are shown in the table 8.  
 
 
Table  8. Cd and Hg concentrations in the Northern Dvina River  
 

Cd, μg/l Hg, μg/l   
 Total Permeate 

forms 
Total Permeate 

forms 
1 1,35±0,26 - 1,64±0,27 1,05±0,26 

2 0,47±0,12 0,26±0,06 1,08±0,29 0,70±0,17 

3 - - 3,11±0,42 0,45±0,11 

 
 

Natural background level of the Hg and Cd in surface waters usually is equal 

to 0,1- 0,3 μg/l, admissible level (AL) for total concentration of these metals 

(Russian standards)  is 0,5 μg/l (Hg) and 1,0 μg/l (Cd) [20]. The obtained 

concentrations exceed the AL. The reason for this fact can be found in the 

infrastructure of the studied region (figure 18).  

Arkhangelsk Pulp and Paper Mill have used liquid Hg as an electrode for 

chlorine production. Though it is not widely used today (ozone is now used for 
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pulp bleaching) it is still not clear what�s happened with the rest of the mercury. 

There is no demercurization set for liquid mercury in Arkhangelsk region because 

it costs a lot. That�s why some factories may keep mercury on factor�s territory.  

�Krasnaya Kuznitsa� is a metal-working factory. Its sewage may contain 

some amounts of cadmium. 

Two thermoelectric coal-burning stations can be source of gaseous metal 

emissions. Heavy metal content in these emissions may exceed background level 

in 5 times [10]. Polluted precipitation depending on a wind speed and direction 

may cause an excess of AL for Hg and Cd far away from the station.  

Privately owned garages area is situated on the bank on the small river called 

Juras. Private owners� activity and influence on the environment is very hard to 

control. Incidents with ecological legislation infringement often take place in this 

region. State monitoring organization (North Regional Territorial Administration 

of Hydrometeorology and Environmental Monitoring - NRTAHM) states Juras 

river to be the most polluted river in Dvina�s delta [22].  

Elevated levels of the metal concentration were also found by NRTAHM in 

2005 (absorption-spectrometry method). In an official report from this organization 

it was declared that the source of this pollution is unknown [23].  
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6 CONCLUSIONS 
 

1. An understanding of the electrochemical method � Anodic Stripping 

Voltammetry was attained. 

2. Basic properties and effects on humans of heavy metals (Cd and Hg) were 

described. Probable sources of these pollutants were enumerated.  

3. Anodic stripping method of heavy metals (Cd, Hg) detection developed for 

voltammetric analyzer �AKV-007�was tested on �Ecotest-VA� analyzer. 

The experiments showed that the method is applicable for �Ecotest-VA�. 

4. The method was improved for �Ecotest-VA� analyzer by varying 

measurement parameters: potential scan rate and accumulation/ purification 

time. 

5.  Improved method was applied for natural water quality monitoring in the 

delta of Northern Dvina River. Obtained Cd and Hg concentrations exceed 

admissible level a little. 
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