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The study presented by the authors is devoted to the study of the properties and the possibility of using technical cellulose 

from non-wood plant raw materials as a solid-phase matrix to obtain solid-phase reactive indicator systems by the following 

methods: synthesis method on the base of a hetarylformazane immobilized on a cellulose matrix and development of analytical 

systems based on preconcentration of the determined metal ion by a matrix with subsequent its «revealing» by the formazan 

(«revealing» method). 

The article focuses on determination of optimal combinations of chromogenic organic reagents (hetarylformazanes) and 

cellulose-based matrices for developing solid-phase reaction-based indicator systems. Adsorption features of formazan reagents 

onto cellulose matrices was studied. It has been established the relation between the reagent molecule structure, composition of 

cellulose matrix and analytical properties of the test-systems synthesized to determine metal ions. Different approaches were 

developed and applied to reveal the visually observable and easily measured effect due to cellulose properties as well as properties 

of hetarylformazanes fixed on the surface of the matrix. This fact allows to control sensitivity and selectivity of solid-phase 

reactive indicator systems for water quality assessment. 
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Introduction 

Technical cellulose and its processed products are becoming more widespread as raw materials for the chem-

ical, pharmaceutical, food, defense industries, as well as for solving environmental problems. At present, much 

attention is paid to obtaining affordable sorbents based on natural materials, the functional groups of which are 

capable to retain reagents on the surface for visual and coloristic determination of the content of metal ions in natural 

and waste waters [1]. The technical cellulose obtained from wood by the traditional method does not possess the 

required set of properties to obtain effective sorption materials, while cellulose from non-wood plant raw materials 

has a lower degree of crystallinity, contains a sufficient 

amount of hemicelluloses, is easier to delignify and 

bleach, the raw materials for obtaining are reproduci-

ble annually. These qualities are important in the de-

velopment of sorption materials for the detection of 

toxic components (for example, heavy metals) in nat-

ural and waste waters generated in the course of human 

production activities. In terms of its component com-

position, rice straw is similar to softwood (Pinus 

sibirica), oat straw is close to hardwood (Betula pu-

bescens). Their distinctive features are the high content 

of minerals of 13.7 and 5.8%, respectively. Rice husk 

is characterized by a low content of cellulose, a high 
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content of lignin, as well as minerals and substances soluble in water [2], which allows us to conclude that it is 

possible to use the selected types of raw materials to obtain technical cellulose by the oxidative-organosolvent 

method and sorption materials from it.  

Express testing is one of the best solutions to the determining trace quantities of contaminants in water. 

Special attention is drawn to development of methods combining preliminary solid phase extraction with the fol-

lowing separation of contaminants from matrices and the subsequent rapid determination of them by such analytical 

techniques as flame atomic absorption spectrometry (FAAS) and inductively coupled plasma optical emission spec-

troscopy (ICP-OES). When preconcentrating trace amounts of the contaminants, sensitivity and rate of the analysis 

are influenced by the sorption kinetic parameters and sorption characteristics of the sorption materials applied as 

matrix-carriers. The materials are capable both to modification of a surface by organic reagents [3–6] and for selec-

tive interaction with ions of metals [7].  

When selecting the matrixes, the main characteristics are following: the well-developed material surface, a 

variety of use, mechanical durability, and high capacity. Such matrix-carriers as silica gel [3, 5, 7] materials modified 

with organic chelating agents [3, 4, 7] are widely used. 

A special focus is on the modification of sheet-shaped cellulose sorbents produced via oxygen-organosolv 

treatment of rice husk and oat straw [8, 9]. Such physical and chemical properties of the sorbents as high hydrophilic 

property, –COOH, –ОН, –СО-containing reactive groups, large amorphous regions in cellulose, and controlled ini-

tial neutral colours contribute to development of hybrid methods for the analysis which provide separation, concen-

tration, visual and optical detections during the same analytical procedure. 

In the presented research, a range of combinations of chromogenic reagents and cellulose matrixes had been 

studied for development of solid-phase reactive indicator systems (SPRIS). Hetarylformazans [10–12] were used as 

chromophoric reagents. High variability of substituents and high flexibility of covalent bonds in the formazan chain 

make it available to synthesize sorbents with predetermined operational characteristics. Cellulose properties as well 

as properties of hetarylformazanes fixed on the surface of the matrix in different tautomeric forms directly influence 

on analytical properties of the sorbents. This fact allows predicting their using at the stage of synthesis. The presence 

of the azohydrazone group and additional coordination center in the polydentate formazan structure is responsible 

for both intense light absorption in the visible spectrum and significant bathochromic shift effect emerging when 

interacting the cellulose matrix with toxic metal ions. It is the chromogenic characteristics of formazans that make 

it available to synthesize solid-phase reactive indicator systems on the base of cellulose matrices for water analysis 

[10, 11]. 

The study presented by the authors is devoted to the study of the properties and the possibility of using 

technical cellulose from non-wood plant raw materials as a solid-phase matrix to obtain solid-phase reactive indica-

tor systems by the following methods: 

– 1st method: synthesis of  SPRIS on the base of a hetarylformazane immobilized on a cellulose matrix;  

– 2nd method: developing analytical systems based on preconcentration of the determined metal ion by a 

matrix with subsequent its «revealing» by the formazan («revealing» method). 

Developed express analytical systems (SPRIS) will be tested to develop methods for the visual determination 

of toxic metals in aqueous media. 

Experimental 

Cellulose matrices. Production of plant-based pulp was carried out in two stages: the first stage – alkaline 

treatment [13], the second stage – oxygen-organosolv pulping [14, 15]. After delignification, the pulp was washed 

with distilled water and ground. Then different compositions were composed and further pulp sheets were produced 

on the base of the compositions. The obtained sheets were used as cellulose matrices. Cellulose matrices made of 

rice husks (RH) exhibit excellent sorption properties, but poor strength properties because the matrices consist of 

short fibres. To enhance the strength and keep the sorption properties of cellulose matrices, it was composed a 

composition based on the cellulose made of rice husk and oat straw. Because oat straw cellulose consists of longer 

bast fibres, it was used as reinforcement in the composition. As it was established [13] the best composition ratio is 

50% rice husk cellulose to 50% oat straw cellulose (RHOS). The whiteness of the obtained samples meets the re-

quirements for matrices for reaction indicator systems [16]. Structure parameters and properties of the cellulose 

matrices are presented in Table 1. 
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Table 1. Structure parameters and properties of the cellulose matrices 

Matrix  Cellulose  matrix composition (freeness, °SR)   
Маss, 

g/1m2 

Thickness, 

mm 

Whiteness, 

%,  

Carboxyl groups 

content, mmol/g 

RHOS 
50% oat straw (50° SR) +50% rice husk (30° 

SR) 
100±1.0 0.23±0.2 81.2±0.5 0.401 

RH 100% rice husk (30° SR) 160±1.5 0.46±0.2 82.7±0.5 0.495 

Carboxyl groups content in cellulose matrices were determined by potentiometric titration of the acetic acid 

released after reaction between acid cellulose groups and calcium acetate.  

Preparing the cellulose sorbents. The cellulose sorbents were synthesized by immobilizing hetarylforma-

zanes on cellulose carrier matrices – RH and RHOS. To modify the cellulose matrices it was selected hetarylform-

azanes (I-IX) (Tab. 2) which react with bivalent metal ions with formation of deeply coloured complex compounds 

[10, 11, 17, 18]. Immobilization of hetarylformazanes (I-IX) had been carried out under static conditions by the 

method of varying concentrations of formazanes in aqueous ethanol solutions (10 : 1) at 293 K for 40 minutes. The 

cellulose matrices were prepared by cutting from cellulose pulp sheets as squares sized (15±1) mm, mass 

(0.0248±0.0050) g. The matrices were placed into 20 сm3 of (5.0–8.5)∙10-5 mol/dm3 formazan solution (pH 

(5.6±0.5)) put in 100 сm3 conical flask. The contents in the flask had been stirred for 40 minutes at room temperature. 

After decanting, the cellulose sorbents were placed on filter paper and dried in air. Properties of the formazanes (I–

IX) and formazan-based cellulose matrices 1–9 are presented in Table 2, 3. 

Adsorption isotherms. The adsorbed amount of formazanes or metal ions was determined by the equation: 

V
m

CC
a

f





0

max
 

where amax – amount of formazanes or metal ions adsorbed per unit mass of the adsorbent, mol/g; C0 and Cf – initial 

and finish concentrations of formazanes or metal ions in the solution, respectively, mol/dm3; V – volume of the 

solution, dm3; m – mass of the adsorbent, g. 

The residual concentration of formazan in the solution was determined graphically according to the depend-

ence of the optical density on the organic reagent concentration obtained by photometric method. The content of 

metal ions in the solution before and after sorption was determined by voltammetry. The average values of adsorp-

tion amounts were calculated for every concentration in three experiments.  

Quantum chemical calculations. Quantum chemical calculations were carried out using Spartan’10 and 

Gaussian’08 software packages by the B3LYP density functional method with the 6-31G** basis. Atomic charges 

were determined using a modern adaptation of Millikan’s oil drop experiment. GaussView software package was 

used for molecule modelling.  

Calibration curves. The calibration curves were plotted using single-colored scales for the determination of 

metals, when optimized concentrating them onto the sorbents. The colored matrices were scanned and processed 

with Adobe Photoshop software. Determination of the color coordinates in the RGB system has revealed a linear 

relationship between G-coordinates and the metal ion concentrations. 

Results and discussion 

1. Studies of modified cellulose-containing matrices 

Dependence of the adsorbed amount of hetarylformazanes (I–IX) on the nature of the cellulose matrix is 

shown in Figure 1. It was found that benzyl-benzimidazolyl-<diphenyl-pyrimidinylformazanes (V–IX) were effec-

tively fixed and distributed on the cellulose matrix surface.  

It was noticed the only RH matrix was uniformly stained due to the high content of epidermal fibres in outer 

layer of a seed. Epidermal fibres contain up to 30% mineral components by the end of the growing season [14, 19, 

20]. While growing, two processes occur simultaneously within the cell wall: formation of the supramolecular struc-

ture of cellulose and accumulation of silica dioxide [21]. It results to deformation of cellulose crystal lattice during 

developing the cell and reduces its degree of crystallinity. In this regard, RH-cellulose matrices perform high sorp-

tion and absorption properties allowing uniform fixing the reagents onto the surface.  
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Table 2. Hetarylformazanes for modification of the cellulose matrices 

 

Compound  

№ 
Het R1 R2 

Compound  

№ 
Het R1 R2 

I  С2Н5 H VI 

 

С2Н5 2-CH3 

II  С2Н5 2-CH3 VII 

 

СН3 H 

III  С2Н5 4-COOH VIII 

 

СН3 2-CH3 

IV  СН(СН3)2 4-COOH IX 

 

СН3 4-COOH 

V 

 

С2Н5 H 

    

Table 3. Sorption properties of cellulose sorbents 1–9 

Compound № I II III IV V VI VII VIII IX 

Sorbent № 1 2 3 4 5 6 7 8 9 

amax, mmol/kg RH 1.21 1.42 1.52 0.33 4.66 5.96 5.60 7.46 12.26 

amax, mmol/kg RHOS – – – – 4.58 5.88 5.11 7.41 12.06 
 

 

Fig. 1. The adsorbed amount of formazanes onto 

RH-cellulose matrix (black) and RHOS-cellulose 

matrix (grey) 

As it has been shown the pattern of adsorption of formazanes onto RH- and RHOS-matrices depends on both 

the reagent structure and the composition of solid-phase carriers [22].  

Since the hetarylformazanes analyzed can be in different tautomeric forms [10, 23], to determine the adsorp-

tion efficiency it was calculated values for the highest occupied molecular orbital energy EHOMO and lowest unoc-

cupied molecular orbital energy ELUMO by the method of quantum chemical calculations using Spartan’10 and 

Gaussian’08 software packages by the B3LYP density functional method with the 6-31G** basis set [24]. The 

values EHOMO and ELUMO, representing in fact the ionization potential and electron affinity in the framework of 

Koopmans' theorem, determine the «softness» of the molecule (S) and the higher the "softness" of the molecule, the 

more efficient the adsorption [25, 26].  

According to the calculated values of S (Tab. 4), adsorption capacity of 1-phenyl formazanes is increasing 

in the series: diphenyl-pyrimidinyl-<benzyl-benzimidazolyl-<benzothiazolylformazanes; adsorption capacity of 1-

4-carboxyphenyl formazanes is increasing in the series: diphenyl-pyrimidinyl-< benzothiazolylformazanes; and ad-

sorption capacity of 1-2-tolyl derivatives is increasing in the series: diphenyl-pyrimidinyl-<benzothiazolyl-< benzyl-

benzimidazolyl formazanes. The results of the calculations are presented in Table 4  
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Table 4. Dipole moments and values of «softness» of the formazanes studied 

Compound № I II III IV V VI VII VIII IX 

S∙103 1.476 1.457 1.452 1.524 1.429 1.538 1.402 1.404 1.375 

μ, D 2.99 2.43 3.48 4.42 1.03 4.26 6.18 5.43 8.61 

Despite similar values of physical and chemical parameters of the compounds (Tab. 4), under the same con-

ditions 1-(4-carboxyphenyl)-3-methyl-5-(4,6-diphenylpyrimidine-2-yl)formazan has a greater dipole moment and 

consequently it is kept stronger on the RH-cellulose matrix than the others. By diffuse reflection spectroscopy in the 

IR region, it is shown that the "soft" modification of benzazolyl- and diphenylpyrimidinylformazanes on a cellulose-

containing matrix involves sterically more accessible hydroxyl groups in the atom (C-3) of cellulose. Using the 

diffuse reflectance spectroscopy in the infrared spectrum, it was shown that sterically more accessible hydroxyl 

groups of the C-3 atom in the cellulose molecule are involved into the «soft» immobilization of benzazolyl- and 

diphenylpyrimidinyl formazanes onto the cellulose matrix. 

In addition it was found that the modification of cellulose matrices (due to the steric requirements of the 

carriers and the substituents in the formazan molecule) resulted to formation of immobilized hetarylformazan rea-

gents with the certain form. The fact that the matrix colour and colour of the initial ethanol solutions of the reagents 

were identical to each other gave evidence that fixed dimethyl-pyrimidinyl-substituted formazanes (рКа=10–12) 

were in ionized state. However, immobilizing benzothiazolylformazanes (рКа=6–8) resulted to a bathochromic shift 

the carrier colour (Δλ=10–25 nm) in comparison to initial solutions of the reagents. That was evidence that benzo-

thiazolylformazanes were in partly ionized state [21].  

Due to the high content of carboxyl groups, formazanes immobilized onto the RH-cellulose matrix were 

strongly kept and formed deeply coloured compounds when reacting with aqueous solutions of metal salts Cu(II), 

Hg(II), Zn(II) and Pb(II) (Δλ=80–180 nm). While studying sorption analytical characteristics of the used sorbents,  

it was observed that the sorption capacity and the maximum extraction efficiency for ions of Co(II), Ni(II), Cu(II), 

Hg(II), Zn(II), Cd(II), Ni(II), and Pb(II) depended on the heterocycle of a formazan immobilized and the efficiency 

increases in the series: benzothiazolyl-< pyrimidinyl- < benzylbenzimidazolyl.  

Study of immobilizing formazanes I–IX onto RHOS-cellulose matrices showed that formazan groups were 

weakly kept and were leached by the flow of the analyzed solution of metal salts.  

While reacting with aqueous solution of metal salts, the RH-matrix surfaces 1–9 change their initial colour, 

which allows to detect visually the presence of Cu(II), Hg(II), Zn(II) and Pb(II) ions in the solution at the concen-

tration not less than 1.0 µg/cm3. However, when increasing metal concentration, the change of staining intensity of 

the matrices of the sorbents 1-5, 8 is not observed. The phenomena allowed to develop test-forms for rapid detection 

of Cu(II), Hg(II), Zn(II), and Pb(II) ions in pure solutions and water systems.  

The scanning electronic microscopy (SEM) which use secondary electrons with different zooms in natural 

state was used for investigation of structural changes in the RH cellulose matrix and the sorbent 9 modified by 1-

(4-carboxyphenyl)-3-methyl-5-(4,6-diphenylpyrimidine-2-yl) formazan (Fig. 2). It has been established that RH 

cellulose matrix is characterized by a dense adhesion between fibrillated epidermal fibers and bast ones (Fig. 2a). 

Formazan IX immobilized is seen on the fiber surface of RH cellulose matrix as light both small-sized (<1 mcm) 

and large-sized (up to 3 µm) particles which are unequally distributed (Fig. 2b). After the interaction between the 

sorbent 9 and aqueous solution of mercury (II) acetate, the HR surface morphology became loose, along with ap-

pearing the formazan particles and particles of ~5 µm in size. Apparently, the formed chelate mercury(II) complexes 

form clusters or agglomerates (Fig. 2c). 

Since no noticeable changes in their color were observed during the interaction with salt solutions of Cu(II), 

Hg(II), Zn(II), and Pb(II) for sorbents 1–5, 8, for further studies, sorbents 6, 7, and 9 were used as SPRIS, charac-

terized by a noticeable bathochromic change in the color of solid-phase SPRIS reagents upon complexation.  

2. Development of test analysis methods using cellulose-containing matrices 

2.1. Study of the obtained SPRIS (1st method) for water safety control 

Sorbents 7 and 9 having 1-phenyl and 1-(4-carboxyphenyl)-3-methyl-5-(4,6-diphenylpyrimidine-2-yl)form-

azane immobilized onto the HR-cellulose matrix can be used to develop SPRIS for express determination of mer-

cury(II) in waste and natural waters in the range of 2–30 mg/dm3 and 2–46 mg/dm3, respectively. When determining 

the content of lead(II) ions using sorbent 6 modified by 1-(2-tolyl)-3-ethyl-5-(benzylbenzimidazole-2-yl)formazan 

VI, the detection limit was 0.04 mg/dm3. 
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a b c 

Fig. 2. Microphotographs of the RH-cellulose matrix surface obtained by SEM, zoom in 1000 times: a) the 

initial RH-cellulose matrix; b) the sorbent 9; c) after the interaction between the sorbent 9 and aqueous 

solution of mercury(II) acetate 

Mercury(II) contents in the model solution, natural waters, as well as in specimen of snow taken in Oktyabr-

skiy district, Ekaterinburg, Russian Federation, were determined. The results of the study are presented in table 5. 

The correctness of the developed method has been proved by the analysis of spiked samples, using the water from 

the Iset River and the water from melted snow as a basis (background) to obtain a solution with a given concentration 

of the metal being determined. A satisfactory agreement between the data of visual determination and the results of 

quantitative analysis, including inversion voltammetry, has been shown. 

Table 5. Mercury(II) contents in the model solution, natural waters, as well as in specimen of snow taken in 

Oktyabrskiy district, Ekaterinburg, Russian Federation, (n=5; P=0.95) 

Object of analysis Method Introduced, mg / dm3 Found, mg / dm3 Relative standard deviation Sr 

Model solution  

Test-determination 

using SPRIS with 

sorbent 7  

2.1 2.0±0.1 0.23 

4.6 4.7±0.2 0.18 

8.7 8.0±0.5 0.23 

16.5 16.0±0.6 0.24 

32.3 32.0±0.4 0.13 

Spectrophotometric 

method 

2.1 2.00±0.08 0.125 

4.6 4.68±0.05 0.068 

8.7 8.80±0.05 0.046 

16.5 16.60±0.05 0.034 

32.3 32.5±0.06 0.056 

Inversion 

voltammetry 

2.1 2.000±0.003 0.106 

4.6 4.705±0.002 0.034 

8.7 8.695±0.005 0.015 

16.5 16.500±0.001 0.014 

32.3 32.300±0.001 0.016 

Samples of the 

water of the Iset 

river  

Test-determination 

using SPRIS with 

sorbent 7  

2.0 2.1±0.5 0.20 

4.0 4.2±0.5 0.17 

8.0 8.5±0.5 0.14 

Spectrophotometric 

method 

2.0 2.10±0.05 0.108 

4.0 4.05±0.05 0.117 

8.0 8.10±0.07 0.114 

Inversion 

voltammetry 

2.0 2.000±0.003 0.020 

4.0 4.050±0.005 0.013 

8.0 8.010±0.007 0.018 

Samples of snow 

cover  

Test-determination 

using SPRIS with 

sorbent 7  

2.0 2.3±0.5 0.12 

4.0 4.2±0.5 0.23 

8.0 7.5±0.5 0.24 

Spectrophotometric 

method 

2.0 2.15±0.05 0.095 

4.0 4.10±0.08 0.108 

8.0 8.15±0.08 0.116 

Inversion 

voltammetry 

2.0 2.000±0.006 0.034 

4.0 4.030±0.003 0.012 

8.0 8.000±0.003 0.054 
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2.2. Study of the possibility of using cellulose-containing matrices for the concentration of metal ions with 

subsequent development with a solution of formazans (2nd method) 

It is known that the sensitivity, selectivity and accuracy of the determination of the toxic metal ion content in 

natural aqueous media using SPRIS is often influenced by the matrix composition of specimens as well as low concen-

trations. In this case, using preconcentration allows to determine concentrations of trace elements in salt solution of 

different metals, reduce the determination limits, avoid  or reduce significantly the influence of background macronu-

trients thereby increase the selectivity, sensitivity of the analysis and reduce the time of the analysis. 

In addition, preconcentration allows simultaneous testing several variants of the «revealing» method for pre-

liminary sorbed metal ions on the matrix, thereby expanding the range of used formazanes contributing to finding a 

unique combination of matrix, metal ion and highly sensitive reagent. 

To determine the parameters which characterize the maximum sorption capacity of sorbents, the isotherms for 

adsorption of metal ions in aqueous solutions onto RH-cellulose matrix metal ions under static conditions were obtained 

by stirring and thermostating in the temperature range (295±5) K (Fig. 3). The initial and current metal ion concentra-

tions were determined by the method of inversion voltammetry (voltammetric analyzer IVA-5, Russia). 

High hydrophilicity of cellulose matrices, a large number of amorphous areas, and high content of carboxyl 

groups (89.8%) in RH-cellulose matrices facilitate to easier penetration and strong "fixing" of sorbed ions Cu(II), 

Ni(II), Zn(II), Cd(II) and Pb(II) on their surface. 

According to the obtained data, the maximum adsorption capacity (amax) for metal ions calculated by Lang-

muir equation is 86.92; 68.20; 70.05; 59.35; 84.23 mmol / kg for Cu(II), Ni(II), Zn(II), Cd(II) and Pb(II), respec-

tively. When reacting metal ions fixed on the matrix with hetarylformazan solutions («revealing» method), deeply 

coloured compounds are formed (Δλ= 80–180 nm). It is shown the possibility of developing SPRIS for the express 

determination of mercury(II) concentration using 1-(4-carboxyphenyl)-3-methyl-5-(4,6-diphenylpyridine)formazan 

IX and 1-(4-carboxyphenyl)-3-isopropyl-5-(benzoxazol-2-yl)formazan IV on the base of RH-cellulose matrices to 

use in wastewater in the range of 2.0–46,0 mg/cm3. The lower limit of mercury(II) determined using 1-(4-carboxy-

phenyl)-3-isopropyl-5-(benzoxazole-2-yl)formazane is 0.05 mg/dm3. When determining the content of lead(II) ions 

using 1-(2-tolyl)-3-ethyl-5-(benzylbenzimidazole-2-yl)formazane, determination limit is 0.04 mg/dm3. Concentra-

tions of Zn(II), Ni(II), Co(II), Cd(II) exceeding the content of the analyzed ions by 5 times don’t interfere to the 

determination. The duration of the determination procedure does not exceed 15 minutes. 

It was found that when using «revealing» method by hetarylformazan solution, the time to develop the max-

imum chromogenic effect depends not only on a metal ion sorbed onto a cellulose matrix but on the nature of the 

formazan heterocycle as well. Thus, when using 1-(2-tolyl)-3-ethyl-5-(benzylbenzimidazole-2-yl)formazan VI (op-

timal concentration is 0.018 mmol/dm3) to determine the content of mercury ions(II), the colour at the solution pH 

5.5±0.3 develops within 1–2 minutes, while when visual determining lead ions(II) at the solution pH 6.5±0.3, the 

matrix gets coloured instantly. In the case of applying 1-(4-carboxyphenyl)-3-isopropyl-5-(benzoxazole-2-yl)form-

azane solution (optimal concentration is 0.01 mmol/dm3) onto a matrix which contain mercury or lead ions the 

colour develops instantly. 

 

Fig. 3. Sorption of metal ions on RH-cellulose 

matrix: 1 – copper (II), 2 – nickel (II), 3 – zinc (II),  

4 – cadmium (II), 5 – lead (II) 
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The negatively charged surface of cellulose fibres [27–29], which is the basis of RHOS-cellulose matrix, 

effectively absorbs lead ions (amax=80.7 mmol/kg). The interaction of fixed Pb(II) ions with 1-(2-hydroxy-5-nitro-

phenyl)-3-ethyl-5-(benzoxazole-2-yl)formazan solution results to the formation of an chelate complexes with Pb(II) 

ions, which is manifested on a white background of the matrix by greenish-blue staining, thereby the compound is 

easily determined by the observer with an error not more than 15%. Developing the chromogenic effect is available 

when the concentration of Pb(II) ions ≥0.5 mg/dm3, however, the presence of Ni(II) ions,  ratio 1 : 1, interferes to 

determine correctly. 

When the cellulose matrices have different strength characteristics they can be superimposed on each other 

in the flow cell to perform simultaneous sorption of different elements. It should be noted that it is possible to 

concentrate 2–3 elements on each cellulose matrix with following determination of each of them by the "develop-

ment" reaction with a suitable organic reagent. The authors showed SPRIS synthesis routs on RHOS-cellulose ma-

trices using this method of test-determination of mercury(II) and copper(II) in natural waters with the use of 1-(4-

carboxyphenyl)- and 1-phenyl-3-methyl-5-(4,6-diphenylpyrimidine-2-yl)formazanes. According to calculations, 

the lower limit of mercury(II) is 0.06 mg/dm3, copper(II) is 0.05 mg/dm3. 

The developed SPRIS were tested on various real objects: natural and rain waters, snow cover, washing the 

leaves of trees placed on the city highways. A satisfactory agreement between the visually determined data and the 

results of quantitative analysis in the mean value depreciation area of the standard scale is shown. Metrological 

characteristics indicate their correctness and absence of systematic errors. 

Conclusion  

1. The combinations of chromogenic reagents and cellulose matrices presented in this paper allow regulating 

the sensitivity and selectivity of test-systems. While studying sorption analytical characteristics of used RH-cellu-

lose sorbents, it was observed that the sorption capacity and the maximum extraction efficiency for ions of Co(II), 

Ni(II), Cu(II), Hg(II), Zn(II), Cd(II), Ni(II), and Pb(II) depended on the heterocycle of a formazan immobilized and 

the efficiency increases in the series: benzothiazolyl-< pyrimidinyl- < benzylbenzimidazolyl. Study of immobilizing 

formazanes onto RHOS-cellulose matrices showed that formazan groups were weakly kept and were leached by the 

flow of the analyzed solution of metal salts.  

2. Solid-phase reactive indicator systems (SPRIS) were developed for determination of metal ions.  Sorbents 

having 1-phenyl and 1-(4-carboxyphenyl)-3-methyl-5-(4,6-diphenylpyrimidine-2-yl)formazane immobilized onto 

the HR-cellulose matrix can be used for express determination of mercury(II) in waste and natural waters in the 

range of 2-30 mg/dm3 and 2-46 mg/dm3, respectively. When determining the content of lead(II) ions using sorbent 

modified by 1-(2-tolyl)-3-ethyl-5-(benzylbenzimidazole-2-yl)formazan, the detection limit was 0.04 mg/dm3. It was 

found that when using «revealing» method by hetarylformazan solution, the time for developing the maximum 

chromogenic effect depends not only on a metal ion sorbed onto a cellulose matrix but on the nature of the formazan 

heterocycle as well. Thus, when using 1-(2-tolyl)-3-ethyl-5-(benzylbenzimidazole-2-yl)formazan (optimal concen-

tration is 0.018 mmol/dm3) to determine the content of mercury ions(II), the colour at the solution pH 5.5±0.3 

develops within 1–2 minutes, while when visual determining lead ions(II) at the solution pH 6.5±0.3, the matrix 

gets coloured instantly. 

3. Due to their small size, rapidity, and energy saving, the systems SPRIS can be successfully used in on-line 

mode, which has crucial importance for the controlling environmental objects in emergency management. 
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