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Abstract: In the present work a mobile complex for monitoring natural waters for the detection of toxic substances has been proposed. The 

conditions for the detection and quantification of doubly charged cations of copper, nickel, cobalt and zinc on fibrous and cross-linked 

cation exchangers and polyampholytes, as well as fluoride, nitrate and nitrite ions on anion exchangers, and sodium oleate and sodium 

dodecyl sulfate on activated carbons, shungite and silicas were selected. The concentration of ions in the eluate was determined by ion-

selective electrodes. An approbation of the proposed method for the detection and quantification of the ions was carried out on model 

aqueous mixtures containing various metal cations, anionic surfactants, inorganic and organic compounds. The mobile complex can be used 

to monitor the state of water objects without taking liquid samples to the laboratory and the concentration of toxic compounds, as well as to 

assess the effectiveness of the purification measures employed. 
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1. Introduction 
 

The presence of microelements and pollutants in natural waters is 

determined by external conditions, human activity and can 

significantly change in the event of emergency situations of 

technogenic and natural origin. At present, the monitoring of natural 

waters comprises the determination of a number of characteristics, 

including the ionic composition of natural waters. Anionic 

surfactants are considered to be the most aggressive substances with 

respect to living organisms [1, 2]. They can cause eutrophication of 

reservoirs or form a film on the surface; therefore there is a need for 

constant monitoring of the content of these compounds. The 

existing methods for monitoring the state of natural waters require 

mainly the preparation of water samples in the laboratory and the 

use of expensive equipment [3-5]. Currently, “field” methods for 

controlling the quality and safety of natural waters, as well as the 

use of a variety of test systems are being widely employed. The 

most promising among them are sorption cartridges, allowing one 

to determine the presence of a substance in a sample and to 

concentrate it for subsequent quantification [6-9]. 

The aim of the work was the development of a mobile 

complex for the on-site monitoring of natural waters for the 

detection of toxic substances with the possibility of their 

quantification. 

 

2. Preconditions and means for resolving the 

problem 
 

The assessment of a total mineralization and accelerated quality 

control of natural water were carried out by the value of the 

electrical conductivity of aqueous solution on the conductometric 

liquid analyzer of modification HI 2314 with electrode HI 76300, 

which is a 4-contact platinum sensor. 

The present work studies the individual and joint sorption 

from aqueous solutions of the most common toxic inorganic ions: 

doubly charged cations of copper, nickel, cadmium, zinc and 

fluoride-, nitrate-, nitrite ions, and also some anionic surface-active 

substances (anionic surfactants) - sodium oleate and sodium 

dodecyl sulfate. 

The basic sorption characteristics of toxic substances on polar 

and non-polar materials are determined under static and dynamic 

conditions. 

The aminophosphonic polyampholyte is more selective with 

respect to heavy metal ions than the purolite iminodicarboxylic ion 

exchanger Purolite. It does not absorb the divalent cations of calcium 

and magnesium, which are present in water in sufficient amount [6]. 

Therefore, the determination of the possibility of detecting heavy 

metal cations was performed on a column filled with amino 

phosphonic polyampholyte in the sodium form. At various rates, 

aqueous solutions of individual ions of Cu2+, Ni2+, Cd2+, Zn2+  and 

their binary mixtures were passed through the column with a ratio of 

concentrations in the range from 10-4 to 10-7 mol/dm3. 

The study of the detection of fluoride, nitrate and nitrite ions 

in the presence of chloride and sulfate ions was done on ion 

exchange resins AB-17 and Purolite. Sorbents are monofunctional 

highly basic polymerization anion exchangers. Solutions of each of 

the detected ions and their mixtures with a different total 

concentration of 0.1 mol/dm3 were passed through a column filled 

with an ion exchanger, and output ion exchange curves were 

obtained.  

After certain periods of time, the filtrate was sampled at the 

column outlet, and the concentration of the detected cations and 

anions in them was determined by a potentiometric method using 

ion-selective electrodes of the Elite and Volta brands. 

The conditioning and transfer of ion exchangers into the 

working form was carried out according to the standard procedure, 

by sequential treatment with the solutions of sodium hydroxide, 

hydrochloric acid and distilled water. In this way, polyampholytes 

were obtained in the Na+ form, and anion exchangers in the ОН-

form. 

To assess the accuracy of the results obtained, independent 

standard methods for the detection of toxic ions were used. 

Determination of the concentration of cations in an aqueous 

solution was performed by the method of stripping voltammetry on 

a voltammetric analyzer AKV-07MK. The concentration of anions 

in a multicomponent aqueous solution was determined by the 

method of capillary electrophoresis “KAPEL-104T”. 

The sorption of sodium oleate and sodium dodecyl sulfate was 

studied on activated carbons of the UBF (Russian) and SV-50 

brands, enterosorbent “Polysorb”, shungite and flint, as well as 

carboxyl, aminocarboxylic ion exchangers, and a weakly basic 

anion exchanger Purolite. 

Adsorption isotherms of anionic surfactants were obtained by 

varying concentrations; for this purpose, a weighed amount of the 

sorbent was placed in flasks, filled with sodium oleate solutions 

with concentrations from 0.05 to 0.30 mg/dm3. Sorption was carried 

out during 24 hours at a temperature of 200С, after which the 

solutions were filtered and the concentration of anionic surfactants 

in the filtrate was determined. 

The concentration of anionic surfactants was carried out under 

dynamic conditions by passing the solution through a filter and 

subsequent elution with Na2SO4 solution. To prepare the sorption 

layer, a weighed amount of SV-50 coal was mixed with the fiber 

FIBAN AK-22-1, poured with a small amount of water, stirred until 

an externally homogeneous mass was obtained, and placed in a 

column. The concentration of anionic surfactants was determined 

by a potentiometric method using anionic surfactant-selective and 

silver chloride electrodes. 

To assess the correctness of the results obtained, standard 

methods for identifying anionic surfactants were used. 

Concentration of the substances was determined by extraction-

photometric method using chloroform and methylene blue on 

photoelectric colorimeter KFK-3 and by fluorimetric method on 

liquid analyzer Fluorat-02. 
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3. Results and discussion 
 

Electrical conductivity is a complex function of individual 

components of an aqueous solution, and it characterizes the total 

value of the ionic composition of water. 

Using the results previously obtained and the literature data, 

the conditions for the detection and quantification of doubly 

charged cations of copper, nickel, cadmium and zinc on 

polyampholytes, carboxyl cationites and sulfocationites were 

selected. It was established that aminophosphonic macroporous 

polyampholyte of the Purolite brand in sodium form is the most 

effective sorbent. The method for detecting and isolating toxic 

cations from multicomponent solutions was realized on 

concentrating cartridges with a diameter of 2 cm and an absorbing 

layer height of up to 11 cm.  

An example of the sorption of cations from 200 cm3 of the 

solution with a total concentration of cations of 2·10-5 mol/dm3 and 

a flow rate of 0.12 cm3/s is shown in Fig. 1. 

 

           a                   b 

Fig. 1. Aminophosphonic ionite Purolite after sorption of a 

mixture of cadmium and nickel cations (a) and a mixture of 

cadmium and copper cations (b). 

 

During the sorption of the mixtures of cations of equal 

concentration on ion-exchange resin, clear separation zones are 

observed. In Figure 1 (a), the upper zone is colored blue, indicating 

the presence of copper cations. In Figure 1 (b), the upper zone is 

colored green, indicating the presence of nickel cations. The lower 

zones of the ionite are colored pink as a result of adding dithizone 

to cadmium cations. Between the upper and lower zones, a fairly 

clear-cut color transition is observed. When adding sulfarsazen to 

zinc (II) cations, the zones of the ionite are colored orange. The 

studied cations are detected in chromatographic zones when their 

content in the resin is higher than 0.01 mmol/g. This makes it 

possible to detect toxic cations in water at the concentration below 

the admissible limit values.  

For the quantification of metal cations, the elution with a 

solution of hydrochloric acid was carried out, as well as the 

potentiometric determination of the concentration. An example of 

the output desorption curves for heavy metal cations is shown in 

Fig. 2. 

The results obtained using the sorption cartridge were 

compared with the results of determining the concentration of 

cations in water by the method of stripping voltammetry, and the 

convergence was established above 85%. 

The sorption of fluoride, nitrate and nitrite ions on strongly 

and weakly basic anionites from multicomponent solutions was 

studied. It was found that because of a high affinity to anionites, 

large size of the molecule and high admissible concentration limit in 

water, the sulfate ion interfered with the sorption of other ions. For 

this reason, the sulfates were first removed from the aqueous 

solution by the precipitation method. The separation of nitrate and 

nitrite ions was done in the presence of chloride ions.  

The sorption was carried out on the most effective highly 

basic anionite Purolite in ОН- form. Fig. 3 shows the obtained 

output sorption curves of anions.  

 

 
                          5            10           15            20           25 

 

Fig.2. Output desorption curves of Zn2+ (1), Ni2+ (2)  and 

Cu2+ (3) ions from the concentrating cartridge of 8 cm in height 

under similar initial concentrations of cations and the elution rate 

of 0.12 сm3/s. 

 

 
 

Fig. 3. Output sorption curves: chloride ions (1), nitrite ions 

(2) and nitrate ions (3) on anionite Purolite in ОН- form. 

Transmission rate is 0.015 cm3/s. 

 

The saturation of the ionite with chloride, nitrate, and nitrite 

ions occurs in different volumes of solutions. On the Purolite ion 

exchange resin, the chloride ion emerges first with a transmission 

time of 20 s, the nitrite ion emerges second with with a transmission 

time of 120 s, and the nitrate ion emerges the third with a 

transmission time of 240 s. To quantify the anions, the elution with a 

solution of sodium hydroxide was carried out, and the potentiometric 

determination of the concentration of ions in the eluate was 

performed. The results obtained with the use of a sorption cartridge 

were compared with the results of determining the concentration of 

anions in water by a laboratory method of capillary electrophoresis, 

and the convergence was established above 80%. 

The sorption of anionic surfactants (sodium oleate and 

sodium dodecyl sulfate) was studied on non-polar sorbents: 

activated carbons of various porosities, shungite, as well as on 

polar adsorbents: flint, “Polysorb” and various ion-exchange 

resins. The isotherms were obtained, and the equilibrium 

characteristics of the adsorption of anionic surfactants were 

calculated. The values of the maximum adsorption (Аmax), the 

constant of the sorption-desorption equilibrium (K) and the Henry 

constant (КH), which has the meaning of the coefficient of 

distribution of anionic surfactants between the adsorbent and the 

aqueous solution, are given in Table 1. 
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1 
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Table 1: Equilibrium characteristics of the adsorption of 

sodium oleate at a temperature of 20°C 

 

Sorbent 
Аmax∙106, 

mol/g 
К КH 

SV-50 4,20 3,31 0,87 

Shungite 0,83 0,37 0,73 

Flint 0,50 0,33 0,53 

Polysorb 0,44 0,37 0,54 

 

On the basis of the research conducted and the data in Table 1, 

the most effective sorbent was selected, an activated carbon SV-50, 

which has a developed network of mesopores. 

For the concentration of anionic surfactants, a sorption layer 

consisting of activated carbon and anion-exchange fiber was 

developed and placed in a sorption cartridge. Sodium sulphate 

solution meeting the conditions of potentiometric determination was 

used as the eluent. The results obtained with the use of a sorption 

cartridge were compared with the results of extraction-photometric 

and fluorimetric methods for determination of the concentration of 

anionic surfactants, and the convergence was established above 

85%. Table 2 presents the results of the detection of anionic 

surfactants in aqueous solutions by extraction-photometric (1), 

fluorimetric (2) and sorption-potentiometric (3) methods. 

 

Table 2: The results of determining the concentration of 

sodium dodecyl sulfate in the control samples 

 

Introduced, 

mg/dm3 

Found 

1, 

mg/dm3 

Δ1, 

% 

Found 

2, 

mg/dm3 

Δ 2, 

% 

Found 

3, 

mg/dm3 

Δ3, 

% 

1,44 1,452 0,83 1,447 0,7 1,584 10 

2,88 3,05 5,9 2,97 3,13 3,151 9,4 

14,4 14,11 2,01 14,05 2,43 14,68 1,94 

 

The assessment of the stability and  approbation of the 

proposed method for the detection and quantification of ions was 

carried out on model aqueous mixtures imitating natural water and 

containing various metal cations, anionic surfactants, inorganic and 

organic compounds. The results of the approbation exemplified by 

copper (II) cations, nitrate ions and sodium dodecyl sulfate are 

shown in Table 3. 

 

Table 3: Results of determination of the content of toxic 

substances in model solutions 

 

Sample No. 1 2 3 4 5 6 7 

Cu
2+

 

Introduced, 

mg/dm
3
 

10
-3

 10
-3

 1 2 10
-3

 1 10
-3

 

Found, 

mg/dm
3
 

10
-3

 10
-3

 1 2 9·10
-4

 1 9·10
-4

 

NO3
-
 

Introduced, 

mg/dm
3
 

3,3 3,3 0,2 0,2 6 6 3,3 

Found, 

mg/dm
3
 

3,4 3,3 0,22 0,21 6 6 3,4 

sodium dodecyl sulfate 

Introduced, 

mg/dm
3
 

5,0 0,1 0,1 0,1 5,0 0,5 0,5 

Found, 

mg/dm
3
 

4,9 0,09 0,09 0,09 4,9 0,48 0,47 

In all the samples, the content of toxic substances is 

determined with a permissible error. The smallest error was 

obtained when analyzing sample 2, in which the presence of copper 

ions and anionic surfactants was minimal, and sample 6, in which, 

on the contrary, the concentration of the components was high. The 

results obtained testify to the stability of this method for detection 

of pollutants and its high reliability. 

The assessment of the influence of various substances on 

analytical signals of the methods in determining the toxic 

substances was carried out using multidimensional analysis of the 

dispersions (Analysis of Variance, ANOVA) and the coefficients 

calculated using the multiple linear regression (MLR) method. After 

excluding insignificant components from the regression and 

checking its adequacy, the values of the influence of components in 

the regression (p < 0.2) were obtained, and the multiple regression 

coefficients (β) were calculated for the procedure of detecting each 

component. MLR models were obtained for predicting the 

analytical signal of the method depending on the composition of the 

mixture. In general, the regression coefficients in the models for the 

substances are higher than for the related components. However, 

when determining copper ions, it is necessary to take into account 

the possible presence of ammonia, and when detecting nitrate ions, 

the presence of sulfate ions is necessary to reduce the determination 

error.  

It has been established that the coefficient of variation for the 

developed methods for detecting substances is within the allowable 

range of values, which indicates a high degree of proximity of 

independent results of the individual tests obtained under specific 

conditions. 

 

4.  Conclusions 
A mobile complex for the on-site monitoring of natural waters in 

order to detect toxic substances with the possibility of their 

quantification has been proposed. The developed methods for 

determining the concentrations of cations, anions and anionic 

surfactants are rather stable, and have high metrological 

characteristics. The discrepancy between the results obtained by the 

studied methods and the comparison method is insignificant. The 

main advantage of the mobile complex is its ability to detect toxic 

substances under field conditions. 

The mobile complex can be used to monitor the state of water 

objects without taking liquid samples to the laboratory, as well as 

the concentration of toxic compounds, and to assess the 

effectiveness of the purification measures employed. 
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