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ABSTRACT 

This article defines the optimal conditions for the detection of a heavy metal ion of lead 

(II) using a newly synthesized PPA 1 sorbent immobilized with a sulfarsazene reagent; 

PPA 1 and SMA 1 sorbents are selected as sorbents. 

The maximum reflectance spectrum of the reagent is 480 nm the maximum light 

reflectance of the complex is 580 nm (for SMA 1), 570 nm (for PPA 1). The sorption rate 

of lead exceeds 90% on average. 
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Introduction 

 

Currently, the identification of foreign substances in water and food products resulting from 

environmental pollution is becoming increasingly relevant. In the latest resolutions of the 

government of our country, in the Republic of Belarus, aimed at improving the quality of 

products and measures to protect the environment, the need to control the chemical 

composition of raw materials and products used for the content of heavy and toxic metals is 

indicated [1]. 

 

In this regard, the first priority is to identify toxic metals, including mercury, lead, cadmium 

and other heavy metals due to the established toxic effect of these elements on the human 

body. To obtain reliable information, it is necessary to carry out constant analytical 

monitoring of the content of toxic metals in environmental objects and food products.  

 

A number of recent publications [2-4] are devoted to the problems environmental pollution of 

environmental pollution [5-7]. Various aspects related to the ingress ions of lead ions into the 

environment, as wellas its effects on the human body, were studied in [ 5-7]it. Heavy metals 

(HMS) occupy the second place in terms of danger, behind pesticides and significantly ahead 
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of such well-known pollutants as carbon dioxide and sulfur, while in the forecast they should 

become the most dangerous, more dangerous than nuclear power plant waste and solid waste 

[8]. Heavy metal pollution is associated with their widespread use in industrial production, 

coupled with weak purification systems, as a result of which heavy metals enter the 

environment, including the aquatic environment, polluting and poisoning it. The main sources 

of anthropogenic HM input into the environment are various industrial enterprises, 

incineration of oil and various waste products, production of glass, fertilizers, cement, etc. 

The most powerful TM occur around ferrous and especially non-ferrous metallurgy 

enterprises as a result of atmospheric emissions. The effect of pollutants extends for tens of 

kilometers from the source of elements entering the atmosphere. Thus, metals in the amount 

of 10 to 30 % of the total emission into the atmosphere are distributed at a distance of 10 km 

or more from an industrial enterprise. At the same time, combined plant contamination is 

observed, consisting of direct deposition of aerosols and dust on the surface of leaves and root 

assimilation of HMS accumulated in the soil during a long time of atmospheric pollution [9-

11]. The largest amount of air pollutants is emitted from the exhaust gases of cars. The most 

dangerous pollutants include mercury, lead, and cadmium [12]. 

 

Modern requirements for the analysis of environmental objects and food products provide for 

the development of new highly sensitive and rapid methods for the determination of toxic 

metals. The multicomponent nature of the objects of analysis, low concentrations of metal 

pollutants for solving such problems, make it necessary to use combined analysis methods 

that include the concentration stage. One of the most promising methods for determining 

metals in complex objects is spectrophotometric analysis methods [13]. Many photometric 

and electrochemical methods have been proposed [14-16] for determining lead, but the 

disadvantage of these methods is their low sensitivity and selectivity, so the development of 

simple highly sensitive methods for analytical control of lead content in various objects is 

relevant, since lead is one of the most toxic and dangerous environmental pollutants. 

 

The aim of this work is to develop sorption-spectro photo metric methods definitions for the 

determination of lead ions, which are one of the new approaches based on the use of 

immobilized organic reagents and meet the requirements for sensitivity and reliability [19-24]. 

 

The Experimental Part 

 

Reagents and equipment: A standard lead solution with a concentration of 1 mg / ml was 

prepared by dissolving a high-purity metal in HCl and HNO33 "OC.h." [25, 26]. Buffer 

solutions with pH from 1 to 10 were prepared from salts and acids "CH. CH." according to the 

procedure [25]. 

 

The organic reagent sulfarsazene with a concentration of 0.01 M was prepared by dissolving 

0.0572 g of the reagent in a 10.0 ml volumetric flask0 мл. 

 

We used freshly distilled and purified [26]solvents and bidistillate, deionized water, and 

previously checked for the absence of luminescence according to [ 26]. 

 

Other assets used marks HH grades. and h. e. a. Solutions of metal salts (1.0 mg / ml) were 

prepared by dissolving the corresponding nitrates or chlorides according to the methods. 

 

Various fibrous materials (polyacrylonitrile type) containing various functional groups were 

tested as the solid phase. The sorbent was used in the form of disks with a diameter of 20 mm 
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and a mass of 30-40 mg in the wet state, for which the disks were kept in 0.1 M hydrochloric 

acid solution, washed with distilled water and then stored in Petri dishes. 

 

IR spectra were recorded on an UR-10 spectrophotometer (Karl Zeiss, Jena), "Analitrsystem 

360 FT-IR" by Nikolet Justrument Corporation(USA) in the range of 500-4000 cm
1
. 

 

To measure pH, a pH meter from «A METTLER TOLEDO pH meter», calibrated for 

standard buffer solutions and an I-130 iono meter were used to measure pH ionomer I-130. 

 

To take diffuse reflection spectra from a solid surface and study the dependence of the 

reflection coefficient (R) and the function of the reflection coefficient F(R) on various factors 

spectro photo colori meter “, an X-Rite recording spectro photo colorimeter and a UV–ViS 

SPECORD M -40 two-beam recording spectro photo meter were used SPECORD M. 

 

The difference in diffuse reflection coefficients (∆R) measured at 5757.0 nm after sorption of 

the element from the control and analyzed solutions and reaction with the reagent in the solid 

phase was taken as the analytical signal. 

 

Method of Determination 
 

The study was performed in static and dynamic modes. In the static mode, 10.0 ml of the 

reagent solution was introduced into the flasks for 50.0 ml, the carrier disk was lowered there, 

and the mixture was stirred for 5-8 minutes. Holding the carrier with a glass rod, the reagents 

were drained, the immobilized carrier was washed with distilled water, and it was lowered 

into the analyzed solution. In dynamic mode, the analyzed solution was passed through the 

immobilized disk at a rate of 10 ml/min. 

 

The degree of retention of sulforsazene (R%) on the support was calculated by the formula: 

R=100
.
A/AA0, where A is the optical density of the reagent after immobilization, and0 is the 

optical density before immobilization [22-7]. 

Results and Discussion 

 

Reagent sulfarsazene (CC) a representativeдиof the diazo dye classкрасителей, characterized 

by a low sensitivity of the reaction with lead. The dye has a complex structure and the 

reaction mechanism of sulfarsazene with metal ions to be investigated. It is believed that the 

interaction of the dye with metals can lead to the formation of an ionic chemical bond and 

physical adsorption. 

 

 

Sulfarsazen (4-((4-(3(2-arseno 4-nitrophenyl) tRiaz-2 (enyl) 

(phenyl)have diazenyl) bansilalsfat sodium. 

Mr=572.32 g/mol 

Fig. 1. The structural formula of a reagent of sulfarsazene 

 

The determination of lead is strongly hindered by iron, aluminum, bismuth, lead and other 

metals, the interfering effect of which is eliminated by introducing masking substances and 

varying the acidity of the medium. 
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As a carrier for the immobilization of sulfarsazene Fibrous materials modified with various 

anion-exchange groups SMA-1, SMA-2, SMA-3, and SMA-2 were tested as a carrier for the 

immobilization of Sul-farsazene. PPA-1 VA PPM-1. 

 

Sorption of the reagent on various types of carriers was studied (table 1). 

 

Table 1. The degree of retention of selfandRazina (R%) for different nositels 

Carrier R1 R2 R3 R4 Rcf 

SMA-1 98,9 99,0 100,0 98,0 99,0 

SMA-2 51,5 50,5 51,0 51,0 51,0 

SMA-3 41,0 43.0 42.5 42.5 42.3 

PPA-1 79,5 79,5 79,5 79,5 79,5 

PPM-1 69,0 70,5 68,0 69,5 69,0 

 

When studying the degree of retention of reagenta, in the pH range 3-of 3-5, its yield on the 

SMA-1 sorbent is 98-998-9 9 %. 

 

The greatest analytical effect was achieved by sorption on a fibrous support modified with 

hexamethylenediamine (SMA-1) and on the sorbent PPA-1 with subsequent complexation on 

the solid phase and it was found that on ettheir type is Ah theей Sul-farsazen carrier is 

sufficiently strongly held, and therefore the SMA-1 system was chosen for further research: 

SS (NAMESS) and PPA-1-SS (figs. 2 and 3). 

 

  

Fig. 2. Reflection Spectra of the polymer 

support PPA-1 (1) and the sulforsazene 

reagent immobilized on it sulforsazena (2), a 

complex with lead at pH 5 (3) and pH 4 (4). 

Fig. 3. Reflection Spectra of the polymer 

carrier SMA-1 (1) and the sulforsazene 

reagent sulforsazena (2) immobilized on it, a 

complex with lead at pH 5 (3) and pH 4(4). 

Effect of concentrationSS and immobilization time were studied in the range of 1·10
-6

 – 1· 10
-

3 
M of Sulfarsazen solution and 3-30 minutes, respectively (table 2). 

 

Table 2. Spectrophotometric characteristics Sulsof farcasanu, fixed on the sorbent of the 

AGR-1 and PPA-1 

Carrier λR,nm 
λMeR, 

nm 
∆λ pH 

Time, 

Min 

The concentration of the reactant on the 

media M 

AGR-

1 
480 580 100 4,0 6 0,9

.
10

-4 

PPA-1 480 570 90 9,0 30 4,2
.
10

-5 
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The reaction of lead with sulforsarsen on a solid SMA-1 sorbent is more contrasting than with 

PPA-1 (=100 nm), so the SMA-1 sorbent was used for further studies. 

 

The dependence of the analytical signal of the immobilized sulforsarsena complex with lead 

on pH, time, and lead concentration was studied in static and dynamic modes. The effect of 

acidity was studied in the pH range from 2 to 10. It is found that the maxima in the spectra of 

complexes shift by 100 nm, and the diffuse reflection coefficient is minimal at pH-3 -5, i.e., 

immobilization leads to a shift in the pH of complex formation by two units to a more acidic 

region. 

 

The absorption spectra were recorded under optimized conditions at room temperature (Fig. 4, 

5). 

 

  

Fig. 4. Absorption Spectrum of sulforsazene 

reagent  sulforsazene, PPA-1 support (l=2, 

CRCR = 0.0001 M,max= 480 nm) 

Fig. 5. Absorption spectrum of the lead 

complex with sulforsazene reagent  

sulforsazene, PPA-1 carrier (l=2, CRCR = 

0.0001 M,max=570 nm) 

 

  
Fig. 6. absorption Spectrum of the 

sulforsazene reagent  sulforsazene, SMA 1 

carrier (l=2,CRCR = 0.0001 M,max= 520-580 

nm) 

Fig. 7. Absorption spectrum of the complex, 

sma1 lead carrier with sulforsazene reagent  

sulforsazene (l=2,CRCR = 0.0001 M,max=630 

nm hm) 
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Fig. 8. X-ray fluorescence spectrum of the complex lead sulfarsazene 

 

According to the results of x-ray fluorescence analysis, it was found that the lead content on 

the carrier is 89.4 %. 

 

When immobilized sulforsazene solutions lead solutions with different volumes were passed 

through immobilized sulfarsazene, similar results were obtained (table 1).3). 

 

Table 3. Results of determination of Cof wine from various volumes (n=3; P=,0.95; 

CPb=50mkg) 

The size of the samples, ml 50,0 100,0 200,0 to 500,0 800,0 1000 

Found lead, mcg 49,8 49,6 49,7 49,6 49,1 48,7 

Coefficient Concentration coefficient 99,6 99,2 99,4 99,2 98,2 97,4 

 

It is shown that the volume of the analyzed solution in certain quantities does not significantly 

affect the degree and amount retrieving of metal recovery and its concentration coefficient. 

 

When comparing the results of the analysis obtained in solution and on an immobilized 

sorbent, it is shown that during immobilization, the pH of complexation of sulfarsazene with 

lead shifts to a more acidic region and the detection limit decreases by an order of magnitude 

(tab.4). 

 

To assess the selectivity of reactions, numerous experiments were conducted to determine the 

effect of foreign ions on the results of lead ion determination. According to the obtained data, 

the maximum permissible ratios of the foreign element to the determined ion were found, 

which were taken as the selectivity factor (table 4). 

 

Table 4. Comparative characteristics of some analytical parameters of the immobilized 

sulfarsazene reagent sulfarsazene obtained in solution and on a support 

System 

max, 

HR, 

nm 

max, 

MeR, 

Nm 

pH 

The limit of 

detection, 

mkg/ml 

Concentration of interfering cations, 

Mkg 

Solution 415 390 9,8-10 0,02 
Zn (10), Cd (20), Co (40), Al (80), Zn 

(50), Cu (2), Ni (50), etc. 
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Carrier 520 620 3-4 0,008 

Ca, Mg (1000), Cd (500), Co, Ni(350), 

Al(300), Cr(250), Hg (70), Pb(50) 

Cu(20), Zn (100) 

 

As can be seen from table 4, sulfarsazene can detect lead in the presence of copper (1:20), 

iron, and mercury (1: 50) and other cations. 

 

One of the most common ways to increase the specificity of detection is to use masking 

organic and inorganic compounds. However, in some cases, this approach is associated with 

certain difficulties associated with the need to accurately maintain the optimal ratios between 

the masking substance and the detected or interfering ion. Nevertheless, the use of various 

masking agents allowed us to increase the selectivity of certain reactions to some extent. The 

interfering influence of copper and iron in the determination of lead was eliminated by 

introducing thiourea into the analyzed solution thiourea, and mercury was masked with 

triethanolamine. 

 

Method of Determination of Lead 
 

A sample solution containing 2-50 micrograms of lead is introduced into a measuring flask 

(50 ml), a buffer mixture with a pH of 4.0 and 5 ml of the masking mixture is added and 

passed through the immobilized reagent on a carrier at a rate of 10 ml / min. The lead content 

is determined by a calibration graph plotted in coordinates F=f(C). The relative standard 

deviation (Sr) does not exceed 0.013 (table 5). 

 

Table 5. Results of lead determination using immobilized sulfarsazene by diffuse reflection 

(n=5, P=0.95, msorbent m=0.2 g) 

Lead introduced, mcg Found lead, mcg S Sr 

2,50 2,48±0,26 1,97 0,008 

10,0 3,07±0,06 5,11 0,019 

15,0 4,11±0,09 7,57 0,029 

20,0 5,10±0,04 2,99 0,023 

 

Conclusion 

 

The results of the study made it possible to propose the SMA-1 - sulfarsazene system for use 

as a sensitive layer of a sensor sensor for lead ions, which was used to detect industrial 

wastewater samples. 

 

Determination of lead using immobilized sulfarsazene on fibrous materials makes it possible 

to selectively determine it without elution, which significantly increases the speed of analysis 

with a decrease in the detection limit by an order of magnitude. 
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