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Purification of natural water of Dnieper River by ozonation

A. Barannik, O. Smoliak, A. Smoliak, H. Stolyarenko*

Cherkassy State Technological University, 460, Shevchenko Boulevard, 18006, Cherkassy, Ukraine
* E-mail: ozon_gs@rambler.ru

Abstract

Here, we considered the problem of purification of natural waters of Dnieper river from
pollution by ozone. Ozonation - the only modern method of water treatment that allows you
to not only remove bacteria and germs, but also improve the organoleptic properties of water.
It was conducted quantitative and qualitative analysis of the Dnieper water, the theoretical basis
of the process of ozonation of water and investigated the possibility of using this method to
clean the water. So, we studied the conditions of application of ozone for water purification of
Dnieper River from various kinds of pollution in order to use this water for the city of
Cherkassy as an economic - drinking water.

AHHOTAIUSA

Paccmorpena mpoOnema OYHCTKM TPUPOAHBIX BOM peku JIHEemp OT 3arps3HEeHusl C
UCTIONb30BaHUEM 030HA. O30HUPOBAHUE - CIMHCTBCHHBIN COBPEMEHHBIM METOJ] 00pabOoTKH
BOJIbI, KOTOPBIH MO3BOJISET HE TOJIBKO YJANUTh OAKTEPUH W MHKPOOBI, HO W YJIYYIIHUTh
OPraHoJICITUYECKHUE CBOMCTBA BOJbI. BbUIM MPOBENECHBI KOJUUYECTBEHHBIH M KAaU€CTBEHHBIN
aHaJu3 3arpsi3HEHUN BoAbl peku JlHemp, paccMOTpEeHbl TEOPETHUYECKHME OCHOBBI Ipoliecca
O30HUPOBAHMS M TMPEACTABICHBl HCCIENOBAHUS, KOTOpbIE TIOKa3ald BO3MOXKHOCTb
WCTIONB30BaHUS ATOTO METO/a JJIsl MOJATOTOBKH MUTHEBOM BOABI. TakuM 00pa3oM, H3yudeHbBI
TEXHOJIOTHYECKHE M JKOHOMHUYECKHE YCJIOBHS MPUMEHEHHsS O30Ha C IENbI0 MOJyYeHUS
MIUTBEBOM BOJBI I roposa Yepkaccsl.

Keywords: water, ozonation, color, bacteria, ozone dose, cleaning.

Introduction

We studied the conditions of application of ozone for water purification of Dnieper River
from various kinds of pollution in order to use this water for the city of Cherkassy as an
economic - drinking water.

The scheme of experimental setup for treatment of natural water of the River of Dnieper by
ozonation is shown in Figure 1.

Ozone is produced in the ozone generator with a system of drying gas flow of air, which is
served into the system. The generator may operate in air, air - oxygen mixture and pure oxygen.
During the experiments we used air. The Ozone generator - in fact, is a radiator, which consists
of two electro conductive parts and electrodes, which are located at a small distance from each
other. Constructively, the electrodes are two cylinders. If you connect the electrodes to a source
of alternating current of high voltage, than ozone is formed between these electrodes
(transformed air oxygen). The air, that passed through the source of silent discharge , must pass
a deep cleaning and drying to a water content of not more than 0.05 g/cm?. Possibility of
production of ozone on place of consumption - this is a great advantage over the other chemical
reagents. Drying system and air purification includes three vessels, which are series connected



with absorbers. The first of them - silica gel, the second — absorber of brand of NaX, the third
- phosphorus pentoxide, which allows you to clean the gas flow from the water vapor.

ozone  gjection

Figure 1 The scheme of plants for ozonation: 1 - compressor; 2 - monostat; 3 - flowmeter; 4 - the block of air
drying; 5 - the ozone generator; 6 - step-up transformer; 7 - bubble column; 8 - spectrophotometer; 9 - Drexel glass
with a solution of KI; 10 - a container of cleaning solution; 11- the tank with clean solution; 12 - drip tray; 13 -
the linear autotransformer.

The dried gas mixture is sent to the ozonator, voltage is applied to electrodes from a step-
up transformer (the voltage is 9.5 - 11 kV). The resulting ozone is fed into the bottom of the
bubble column through the porous plate. For determining of ozone in the gaseous phase, we
used a technique iodometric titration.

For the control of the gas phase, lines were connected to the scheme of the gas analysis,
which consist of two series connected absorption vessel, the gas meter and rheometer.

Chromaticity of water is determined by the photometric method - by comparing the samples
of test liquid with solutions, that mimic the color of natural water. Determination of the optical
density was performed at a wavelength A = 430 nm, the layer thickness 50 mm. The optical
density was measured at the FEC at A =430 nm and 1 = 50 mm.

Photometric method for determination of iron is based on the reaction of formation of two -
and trivalent iron with sulfosalicylic acid of complex compound of yellow color. Determination
of the optical density was carried out at A =430 nm, the thickness of the liquid layer 1 = 50 mm.

The oxidizability of water is determined by the permanganate. Oxidation is carried out by
potassium permanganate with heating.

When the water of the river of Dnieper treated with ozone-air mixture with low doses, there
is a series of parallel physico-chemical and biological destructive-oxidation processes,
competing with each other:

1. Ozonation of bacteria. The effect of water disinfection with ozone depends on several
factors: number of bacteria, species of bacteria, water temperature, the presence of readily-



oxidizable impurities. The bactericidal dose of ozone for 99% inhibition of bacterial cells of all
kinds in the Dnieper water at the time of vegetation is 2.1 - 2.4 mg/dm’. The contact time: 6 -
8 minutes; the concentration of ozone in the ozone-air mixture is 20 g/m?.

2. Destruction of spores, cysts, and various pathogens. The bactericidal 99% effect of is
achieved at a dose of 0zone from 0.3 to 1.85 mg/dm?. The contact time - from several seconds
to 20 - 25 minutes. The suppression of majority of colonies of microorganisms at a
concentration of ozone in the ozone-air mixture 20 g/m? is 4 - 7 minutes.

3. The time of contact of the phases decreases with increasing doses of ozone with 15-16
minutes to 3 minutes.

4. Discoloration of water.
5. Removal of tastes and odors of water.
6. The reaction of ozone with an easy-oxidized microorganisms.

All these processes are competing with reactions of suppression of life aquatic, especially,
the elimination of protozoa from the water (type of Dracena and microalgae).

In such a way, the ozone is used for the purpose, which we are interested In, partially, since
it has a number of simultaneous processes, in which the speed of the same order.

Effect of ozone on bacteria and viruses is a high speed fast-flowing process. In parallel
experiments, it was found, that the processing of the clarified water, which contains the microbe
number of 1.7 million. pers / ml and the index number 10000, disinfection takes place
completely at 20-40 seconds.

Moreover, for cold water (8 °C) - 25 seconds is enough; for water with a temperature of 16-
20 °C - 40 seconds. The dose of ozone during the experiments was 1.65 mg/dm?®. Increasing the
ozone dose up to 2.25 mg/dm? did not produce a significant growth of rate of bactericidal
decomposition. The interesting fact is, what with increasing temperature increases the contact
time of the phases. This shows, that ozone is the basic agent, which is dissolved in the water. It
means, that the biological processes, that unlike the chemical liquid, depend on the
concentration of dissolved ozone.

The results of the process of destruction of algae and protozoa for a contact time of 12
minutes are shown in the table 1. Number of protozoa was determined totally.

Table 1 The efficiency of the biological water purification of Dnieper River.

Source water Water after ozonation,
Ne number of pieces./dm3 number of pieces./dm3
winter summer ozone dose
1,0 1,65 2,25 3,0

1 28 12 2 0 0
2 16 9 4 0 0
3 14 7 1 0 0
4 46 30 10 9 0
5 42 25 18 9 0
6 38 22 17 8 0




By the graphical interpolation it was found, that for winter water the dose of ozone for the
complete suppression of protozoa is 1.8-2.2 mg/dm?. When the temperature increases in the
summer, there is increase the number of protozoa in 1 liter of water, and also decrease the
solubility of ozone. The dose of ozone increases and it is 2,8-2,84 mg/dm?®. Let us take as a
basis the average result of 2.82 mg/dm?.

While the ozonation, it was found, that complete suppression of life of blue-green algae
achieved in the samples with the dose ozone - 2.25 mg/dm?, for the ozone dose of 1.65 mg/dm3

- destroyed up to 90% of microalgae; to 1.0 mg/dm? - 70%.
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Figure 2 Results of oxidative action of ozone-air mixture on microorganisms at different concentrations of
ozone. 1,2,3 - winter water; 4,5,6- summer water.

Reducing the contact time of the ozone-air mixture with water, leads to a dramatic
reduction of effectiveness of the ozonation. So, with the ozone dose of 2.25 mg/dm? for a

contact time of 12 minutes, achieved 80% inhibition protozoa, for a contact time of 9 minutes,
it falls to 50%.

This is easily to explain by the rate of dissolution of 0zone in the water. For distilled water
the saturation time of ozone in the same apparatus over a wide range the concentration of O3
and the ratio of gas: liquid is 11-12 minutes. Autoclaving of water samples produced in the
standard laboratory autoclave with a mixer on 5 liters. The autoclave was filled with 3.4 liters
of water and air was supplied with the ozone-air mixture (C (O3) = 20 mg/dm?). The air
volume is 0.2-0.5 dm? depending on the necessary dose of ozone.

The system pressure was created by the technical nitrogen and maintained at 0.5-0.6 MPa.
After staying the water in an autoclave 12-13 minutes, its samples were sent for analysis.

Results of ozonation samples of the water of Dnieper river under the pressure are shown in
Table 2.

Table 2 Efficiency of water purification of Dnieper River from the simplest under the pressure

Ne The dose of ozon, mg/dm?

0 1,0 1,65 2,25
1 46 25 12 0
2 42 22 12 0
3 38 20 10 0




By graphical interpolation we determine the required dose of ozone, for the calculation of
the process of the bubble water treatment by the ozone-air mixture. It is 2.82 mg/dm?®. For
injection system of ozonation under the pressure - 2.25 mg/dm?.

Research showed, that the ozonation of water affects the water color. In this, the maximum
rate of color is 37 ° at the dose of 5 mg/dm? and a contact time -10 min, without the further
treatment, which corresponds to GOST 2872-84.

Chromaticity, degree

The ozone dose, mg/dm’

Figure 3 Graphical dependence of water color of the river of Dnieper and the ozone dose: 1 - the experience Nel;
2 - the experience Ne2.

The turbidity of river water caused by organic substances and some substances of mineral
origin -by suspended particles. The turbidity of both waters decreases already at the minimum
ozone dose of 3 mg/dm? and more effectively extends the decrease than its index increase.

The results of ozonation of waters showed, that the process of reduction of turbidity take
place gradually.

Following the ozonation, water, which investigated, been tested by oxidation. As the
oxidizing agent it was taken the potassium permanganate, as the analysis with the oxidant with
high precision can be carried out in the laboratory of the Institute, and more necessary reagents
are available.
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Figure 4 Graphical dependence of the turbidity of the water of Dnieper and ozone dose: 1 - the experience Nel;
2 - the experience Ne2.



We studied the dependence of the oxidizability from the ozone dose. Figure 5 shows plots,
which show the degree of reduction of oxidizability from the ozone dose. In order to determine
the actual amount of ozone, that went to the oxidation of organic matter as well as some easy-
oxidizable inorganic compounds, were constructed the response function.

Line 1 shows the concentration of ozone at the inlet of the contact chamber.

Line 2 , which was obtained during the ozonation of natural water with layer of 1m (the
height of the bubbling layer) and a contact time of 10 minutes.

The analysis, that showed the concentration of ozone, conducted the first two minutes — after
10 seconds, the second two minutes - 20 seconds, rest for 6 minutes. - after 30 seconds. On the
basis of experience, we can conclude, that for the destruction of ozone the consumption of
ozone is less than it is supplied in the contact chamber. Knowing the consumption of ozone and

the volume of test liquid, we are building a dependency of using the ozone on the height of the
liquid.
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Figure 5 The graphical dependence of the oxidizability of water of the river of Dnieper and ozone dose:
1 - the experience Nel; 2 - the experience Ne2

At the analyzed water, we also determined the iron content. Analysis has shown,
underground sources contain it in large amounts, more than in the water of the river of Dnieper.

Experiments were carried out under the similar consumption of ozone. Dependence of the
iron content from the ozone dose, shows, that the minimum dose of the oxidant affects the iron
content and lowers it. The process goes smoothly, and almost in a straight line.

When the quantity of iron in water large, we observe a proportional relation of iron on the
dose of ozone.

The curves, that show changes in the content of iron in the water, depending on the dose of
ozone, are shown in Figure 6.

The obtained results of the study provided the basis for tehniko-economic calculations of the
ozonation technology.
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Figure 6 The graphical dependence of the iron content in the water of the river of Dnieper and the ozone dose:
1 - the experience Ne 1; 2 - the experience Ne 2
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Waste water treatment which passed the stage of aerobic digestion

A. Barannik, A. Smoliak, O. Smoliak, H. Stolyarenko*
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Abstract

On the laboratory installation of ozonator studied the conditions of 0zone using in wastewater
treatment, which passed the stage of aerobic digestion from various organic impurities. To
minimize the formation of trihalomethanes and other chlorinated compounds in the wastewater
proposed to use the method of ozonation. Preliminary experiments showed that the selected
method of oxidative degradation makes it possible to achieve the high quality of water. Results
of research made it possible to calculate the technological parameters of the ozonation stage,
parameters for calculating the performance of ozonator, power of energy rig and the size of
ozonator chamber.

AHHOTAIUSA

Ha naGopaTopHoii ycTaHOBKE 030HMPOBAHUS U3YUEHBI YCIOBUS IPUMEHEHHS OKUCIUTENS IS
OUYUCTKM CTOYHBIX BOJI, KOTOpBIE MPOLUIA CTaJUI0 a3pOOHOT0 cOpakMBaHUs, OT Pa3IMYHbBIX
OpraHMYECKHUX IpuMeced. Bo3Mo)kHas 3aMeHa CTagud XJIOPUPOBaHMsSI Ha CTaJUIO
O30HUPOBAHMUS MPEIOTBPATUT 0OpPA30BAHUE XJIOPUPOBAHHBIX COCTUHEHUI B CTOUHBIX BOJAX,
cOpacbiBaeMbIX B BOJI0eMBI. lIpeaBapurenbHble SKCIEPUMEHTHI IO 030HUPOBAHHUIO CTOYHBIX
BOJl IIOKA3aJid, YTO BBHIOPAHHBIA CHOCOO OKUCIUTENHFHOU JECTPYKIMH TO3BOJISIET TOCTUYb
BBICOKOTO KadecTBa BOJBL. [Ipom3BeneHBI pacyeThl TEXHOJIOTHYECKUX IMAapaMEeTPOB CTaJNH
O30HUPOBAHMWS; 1O TapaMeTpaM BBIOPAHBI: MPOHU3BOAMTEIHLHOCTh O030HATOPA, MOIIHOCTH
SHEPTreTHYECKON YCTAaHOBKH U pa3Mephl KaMepbl 030HUPOBAHMS.

Keywords: ozonation, aerobic digestion, quality of water, organic impurities.

Introduction

On the laboratory installation of ozonator studied the conditions of ozone using in
wastewater treatment, which passed the stage of aerobic digestion from various organic
impurities.

The process of reducing the amount of organic impurities in the water was carried out using
the most active oxidant - ozone-air mixture. Simulation of the purification process of
representative samples of industrial water was done on the pilot installation for ozonation,
which is presented in the figure 1.
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Figure 1 The scheme of installation for ozonation. 1 — compressor; 2 — monostat; 3 — rotameter; 4 — unit for air
drying; 5 — ozone generator; 6 — step-up transformer; 7 — column of ozonation; § — spectrophotometer; 9 — Drexel
glass with a solution of KI; 10 — with solution for cleaning; 11— container with clean solution; 12 — drip pan; 13 —
linear autotransformer.

For determining of optimal operation of laboratory installation we investigated the
dependence of the productivity of the installation from voltage. Results are shown in the
table 1.

Table 1 The dependence of the performance installation from the voltage.

Voltage, kV 7 8 9 10 11 12
Performance of O3 0 0,58 2,5 4.8 7,7 7.4
10~ g/min.

For determining the ozone in the gaseous phase was used the iodometric method.
Measurement and control of ozone concentration was carried out outlet of the ozone generator
and output of the contact column of ozonation. The results of analysis are shown in the figure
2.

For the purpose of simplify the method of determining the ozone in the gas phase, reduction
the detection time, improving the accuracy of analysis, automation of control method was used
the method of spectrophotometry. Was built the calibration graph for determination of ozone
in the gas phase on the spectrophotometer SF-45 by correlating the results of determining of
the optical density of the gas mixture and the actual content of ozone, which was determined
by iodometric method. For the construction of the calibration graph the ozone - air mixture
from the ozonizer was sent to the gas cuvette of spectrophotometer, and then passed through
the vessels of Drexel which prepared for the research the ozone content by iodometric method.
Samples were collected outlet of ozonator with constant mode at different air flow rates. At the
same time measured the optical density of the gas flow at the wavelength of 254 nm.

The results of the definitions are shown in the table 2. From the obtained data was
constructed the calibration graph which used in the research for determining the concentration
of ozone in the gas phase by optical density.
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Table 2 Dependence the concentration of ozone from the air flow.

Ne Rotameter The optical density The volume 0,1 N The ozone
showing of the gaseous Na:S,03, that gone to concentration in
mixture, nm titration, ml the gas phase ,

% vol.

1 0 680 3,6 0,29

2 10 650 4,0 0,212

3 20 610 4,7 0,145

4 40 595 5,0 0,118

5 60 575 5,25 0,075

6 80 505 5,3 0,06

Representative sample of water after aeration tanks and irrigation fields contains in its
composition some organic impurities because of incomplete aerobic fermentation. To
minimize the formation of trihalomethanes and other chlorinated compounds proposed to use
the method of ozonation. Preliminary experiments showed that the selected method of
oxidative degradation makes it possible to achieve the high quality of water. Decreasing the
amount of organic contaminants in the working solution is easily achieved by single-stage
ozonation.

The main indicators of ozonation process are the following factors:

1. The specific 0zone consumption (g/m* of solution).

2. The contact time of the liquid and gas phases which are necessary for color reduction or
COD reduction to the predetermined level.

3. Effect of pH on the time of ozonation and ozone consumption.

4. Effect of temperature on the bleaching solution and COD.

5. Kinetics the color change of the solution and COD reduction of solutions (the kinetics of
oxidation reactions of organic compounds was not studied).

6. The coefficient of 0ozon using.

7. The amount of residual ozone in the liquid phase by varying the contact time (testing the
possibility liquid-phase oxidation by bypass).

Methods of carrying out of experiments of ozonation the working solutions consisted of the
following steps:

1) preparation the installation of ozonation for launch, sorbent regeneration from the water
vapor;

2) preliminary work of ozonators for output the discharge tubes to mode;

3) adjusting the parameters of gas supply, stabilization of the ozone content in the gas
stream, determining the concentration of ozone, ejection the ozone into the atmosphere is
made by the bypass line to the atmosphere;

4) Connection the mixer in the ozonation column. There is a sample of the solution (the
volume of the sample of ozonation is 250 ml). The value of volume of the sample is related to
performance of the laboratory ozone generator and with the need (While studying the kinetics
of bleaching solution and reducing COD) to eliminate the influence of diffusion processes of
dissolution of ozone. While studying the kinetics of ozonation in the stationary conditions
(expenditures of the liquid and gas phase are constant) establishment of expenditure of the
liquid phase carried out in parallel with stage 3, depending on the expenditure of the gas phase.
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5) determination of kinetic parameters is performed by measuring the concentration of
ozone in the gaseous and liquid phases, by the response function of the ozonation column;
measured by the speed of change the optical density of ozone while keeping constant the flow
rates of the liquid and gaseous phases, the temperature in the an ozone generator, tension of
high-voltage electrode, ozone concentration at the inlet of reactor.

The described technique of ozonization not different from known methods of studying the
kinetics of ozonolysis, where the main parameters are changing the concentration of O3 in the
gaseous phase at the outlet of the reactor. The kinetic parameters of discoloration the liquid
phase were determined by the changing the optical density of ozonated solution in the visible
region of the spectrum (transparent for ozone).

To monitoring the changes in the amount of the organic impurities selected the change in
the degree of cleaning solution by chemical oxygen demand (COD). COD was determined by
dichromate method.

Preliminary experiments of ozonation of solutions found that for preventing the diffusion
effects in the studies of kinetics of discoloration and reduction the COD for the liquid phase
volume of 250 ml volumetric rate of gas flow is 7,7g / min. Specific consumption of ozone
which was used for bleaching and absorption determined by the integral method, by calculation
the equation of the material balance. Considering that bleaching for any class of organic
compounds is the act of breaking one of ties in the molecule. Gross reaction of ozone - mixture
of organic compounds can be considered as a first-order reaction (by ozone), based on this the
kinetics of the bleaching phenomenon should be comply with the exponential function, which
corresponds to the reaction of the 2nd order.

To eliminate the effects of various mineral impurities, accurate determination of the
necessary parameters of ozonation, and above all the dose of ozone and the time of contact of
phases, previous experiments were carried out on the model solutions, which contained some
organic compounds with concentration of COD in the range of 150 - 220 mg/L.

1. To determine the dose of ozone (Do3s) constructed the graphical dependence of ozone
concentration at the inlet and outlet of the ozonator (CO3 = f (1)) from the time of handling the
solution. A dose of ozone which is necessary for complete cleaning the sample of solution,
defined as the difference between the amount of ozone, which was filed on the handling of
solution in an amount of not absorbed ozon.

Graphical integration depending Dos = f (10, 1), on the figure 2, determined the area which
corresponds to the unit costs of ozone. After scaling the values of the area and the graphical
integration were identified the real unit costs of oxidant. Calculated Dos is 4,44.10-3 g/ml.
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1 — Os content in the ozone - air mixture inlet of the bubbling apparatus,
2 — change the concentration of O3 during processing of distilled water,
3 — change the concentration of O3 during processing of waste water.

2. Investigated the dependence of the COD from the dose of ozone, the height of the liquid
layer, the concentration of ozone in the initial ozone - air mixture, time of ozonation.
Experimental data are presented in table 3.

Table 3 Experimental data of changing the value of COD from the time of ozonation

Ne COD,mg The height of the C of ozon, % 00 The time of
0,/L liquid layer, cm ozonation, min
before after ozonation
ozonation

1 150 125 100 0,075 10
2 150 85 100 0,075 30
3 150 65 100 0,075 60
4 150 110 100 0,212 10
5 150 65 100 0,212 30
6 150 35 100 0,212 60
7 150 90 100 0,29 10
8 150 30 100 0,29 30
9 150 30 100 0,29 60
10 150 145 10 0,29 10
11 150 135 10 0,29 30
12 150 120 10 0,29 60
13 150 115 50 0,29 10
14 150 75 50 0,29 30
15 150 55 50 0,29 60
16 150 90 100 0,29 10
17 150 35 100 0,29 30
18 150 30 100 0,29 60
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Relevant depending of changes the COD during the ozonation of solutions are shown in the
figure 3.
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Figure 3 Dependence the COD from the concentration of ozone in the ozone - air mixture, % vol.: 1 - 0,075; 2 -
0,212;3-0,29 .

The initial value of COD is 150 mg/L.

For further studies chosen C of ozon is 0.29 % vol. as the optimal mode of operation of
industrial ozonators.

To determine the dose of ozone were calculated the settlements with integrating the area of
the total costs of ozone - the dependence gl = f(8); the actual costs of 0zone considering height
of the liquid layer gi = fi (t). Graphical integration carried out with using the standard program
of Microsoft Office Excel 2003, distributed with the operating system.

3. To determine the extent of absorption, the real amount of ozone, that has gone to the
oxidation of organic matter (according to experience) constructed the response functions of
ozone reactors (figure 5). Dependence corresponds to the line 1, which corresponds the
concentration of ozone at the inlet of ozonator - contact bubble chamber at the initial
concentration of ozone in the ozone - air mixture of 0.29%. Line 2 obtained by ozonization the
solution (1560 ml), which corresponds to the height of the bubble layer of 10 cm. Line 3
obtained by ozonization the solution (1580 ml), which corresponds to the height of the bubble
layer of 30 cm. Line 4 obtained by ozonization the solution (1500 ml), which corresponds to
the height of the bubble layer of 100 cm. The main difficulty of this research was the careful
selection of glass tubes. The equation of the reaction volumes and selection the height achieved
by introducing into the reaction zone of thin tubes which were sealed at the bottom.
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Figure 4 Dependence the COD doring the ozonation the solutions from the height of the liquid layer, mm: 1 -
100; 2 - 500; 3 - 1000 (the system of g - g).

The concentration of ozone in the ozone - air mixture is 0.29%.
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Figure 5 The influence of the height of the liquid layer to the degree of ozone using.
1 - ozone concentration at the inlet of the reaction zone; 2 - 5 - 0zone concentration at the outlet at the layer height,
mm: 2 - 100 (g-g); 3 - 300 (g-g); 4 - 1000 (g-g); 5 - 1000 (g-1-g);
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Figure 6 Dependence the degree of purification from the treatment time of working solution (by change
the COD).

4. The results in the figure 5 which shows the actual amount of consumed ozone from the
height of the liquid layer. Thus for the decomposition and oxidation of high-molecular
compounds need the high dose of ozone, 3.5-3.8 g/L of solution.

5. Results of research made it possible to calculate the technological parameters of the
ozonation stage, parameters for calculating the performance of ozonator, power of energy rig
and the size of ozonator chamber.

Conclusions

1. It was found that to achieve the desired quality of water should be used a method of
oxidative degradation.

2. It was determined that best results are achieved at the optimal dose of ozone of 3.5 - 3.8
mg/L.

3. Reduction of COD after processing solutions reaches 70.5% at the time of ozonation of
12 min, the concentration of ozone in the ozone - air mixture is 0.29% vol. at the height of the
aqueous layer of ozonation is more than 1 meter.
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Abstract

Currently, there is no doubt of needing to develop and improve the treatment processes.
Nowadays, increasingly used methods of water purification with the help of reagents, such as
coagulation and flocculation. So there is need for improvement and finding more effective
chemicals (EDZWALD & TOBIASON, 1999). An important role are playing environmental,
natural and economic factors (P Jarvis, Jefferson, Gregory, & Parsons, 2005). The purpose of
these studies is to compare the quality of water treatment of zirconium-based coagulants with
traditional coagulants based on aluminum and iron. For achieving this goal, setting minimum
dose of coagulants and working conditions for the occurrence of effective coagulation,
coagulant doses studied depending on the residual turbidity and purities of suspended solids,
phosphates and orthophosphate (Sharp, Jarvis, Parsons, & Jefferson, 2006). Data collected
during the "Jar-test-experiments" and further analysis of selected water samples after
coagulation. After carrying out the experiment on a model water in the laboratory, coagulants
were tested in real conditions on the water treatment plant. Based on the results obtained by
experiment, it was found that the minimum dose of the coagulants ZrNo, AlS, PIX-318 and
ZrUkrare 3.3 mg/1,3.4mg/1, 3.5 mg/1and 4.4 mg, respectively. In this study results for the
model solution are close to those obtained on the real waste water. That's why it indicates the
correct choosing the dosing of coagulants and performance not only in laboratory conditions,
but also in the production.

Keywords: water, treatment, coagulation, aluminium, ferrum, zirconium, phosphate removal
Introduction

Water treatment with chemicals is one of the most effective methods of water purification
(Faust & Aly, 1998). Although many chemicals, namely coagulants available in the wastewater
treatment, the rate of industrial development, climate change and economic problems forced to
develop the traditional method. Common coagulants based on aluminum and iron, have several
disadvantages such as residual aluminum (XIAO, ZHANG, & LEE, 2008) and reduce the
quality of treatment water at a low pH of coagulants based on aluminum and iron, respectively
(Duan & Gregory, 2003). The aim of this work is to evaluate the use of zirconium-based
coagulants with traditional coagulants based on aluminum and iron. The report describes the
degree of purification of water using conventional coagulants and compare them with the newer
ones. Application of the proposed chemicals based on zirconium should simplify conditions of
the coagulation process. It should extend the range of different degrees of purification of water
pollution, making the process more economical (Peter Jarvis et al., 2012).

Materials and methods

Model water, was used in this research, hard and contained middle content of suspended
particles (Engelbrecht & Mckinney, 2014). Its initial turbidity was approximately 300.0
nephelometric turbidity units (NTU) (Meozzi, n.d.). Its other properties were as follows:
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pH=8.3; T-SS=120 mg/l; T-P=12.6 mg/l; OP=5.8 mg/l. The coagulants under investigation
were an aluminum sulphate (AIS, Kemira), polyaluminium chloride (PAX XL-61), ferric

sulphate (PIX-318, Kemira), and zirconium oxychloride based coagulants (ZrNo, Norwegian;
ZrUk, Ukrainian).

The Zr coagulant contained 27% and 42% weight equivalent ZrOz respectively. Coagulants had
specific gravity at 1.24 (ZrNo) and 1.38 (ZrUk) mg/l and a pH of <1 for both (Table 1).

Table 1 Coagulants properties

Zr+4 Al+3 Fe+3
ZrUk ZrNo AlS PAX XL 61 PIX XI-61
Ion, g/l 8.4 6.6 4.3 5.4 11.6
M, g/mol 322.2 3222 342.2 3422 815.55
density, g/cm3 1.38 1.24 1.3 1.27 1.50
pH <1 <1 >2 >2.5 <1

After validation of the coagulant performance in laboratory jar tests, further experiments were
carried out on real wastewater on NRV (Lillestom).

Jar tests

Coagulation trials were undertaken on a Floculator 2000 jar tester using 6 cylindrical jars
containing 1 L of raw water. Coagulation is performed in three steps of mixing: a rapid (60 sec,
400 rpm), the slow (10 min, 30 rpm), mixing and settling (30 min.) Using an automatic pipette,
after the start phase of rapid stirring was added a coagulant, as well as during slow stirring, pH
was measured. Water samples were analyzed for turbidity ("2100Q Portable Turbidimeter -
Hach ®," nd), particulate matter (filtration, glass fiber filters), total phosphate and
orthophosphate, which was carried out after filtration through 0.45 mm glass microfibre filter
(Fisher Scientific, Loughborough , UK). This method for the determination of phosphate and
orthophosphate based on spectrometric measurements of molybdenum complex with a further
reduction of its ascorbic acid (ISO 6878:2004 "Water quality. & Method", 2004).

Jar-test on real wastewater includes all the steps that have been mentioned above. Except for
the measurement of total phosphate and orthophosphate, which were carried out using the
technology Lange Hach. Hach Lange is based on the method of formation of the molybdenum
complex and ascorbic acid, but it is faster and easier to use.

Results and discussions

During the research work was conducted to compare the efficacy of purification the model and
real wastewater using conventional coagulants based on aluminum and iron (AlS, PAX-XI-61,
PIX-318), and evaluation of zirconium-coagulants (ZrNo, ZrUkr).

One of the most important conditions for the effective conduct of the coagulation process is to
determine the optimal doses of coagulants. The experiment was tested a dose range from 0 to
12 mmol / 1 of coagulant. Data obtained are reported in Figure 1.
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Figure 1 Dependence of turbidity on coagulant dose, 1 — AlS; 2 — PAX; 3 — PIX; 4 — ZrNo; 5 — ZrUk

The results of determining the optimal doses showed a dramatic reduction in haze from 300
NTU till about 5 NTU, at doses of 0.06 mmol Me / 1 for zirconium-coagulants and to 0.15, 0.5
mmol Me /| for aluminum and iron coagulants. So was defined interval doses of coagulants in
which is a high degree of purification model water from the suspensions, causing blurred (up
to 97% for the PAX XI-61). Since zirconium coagulants have a wide range of doses compared
with conventional coagulant, it can be used for application in relation to different degrees of
water contamination.

The selected dose range for further purification model wastewater from suspended particles is
purifying water of about 95% with the help of AIS and PAX XL 61.
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Figure 2. Dependence of purification degree of model waste water on coagulant dose with an initial dose of
coagulant pH = 8 a - suspended solids; b - the total phosphate; 1 — AlS; 2 — PAX; 3 — PIX; 4 — ZrNo; 5 — ZrUk
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Based on the above data, the working range of doses within 0.06-1 mmol Me / | coagulant is
acceptable, since the degree of purification of phosphate and orthophosphate is an average of
60-85%, which is sufficient at this stage of water treatment.

As can be seen from the graphs, PAX XL-61skhozh AIS with the properties of aluminum sulfate
has a greater degree of purification under these conditions. Thus for comparison, it suffices to
use conventional coagulants based on aluminum and iron (ALS PIX-318).

Selection the conditions of coagulation process were conducted studies of influence doses of
coagulants with the given initial pH of the model water (pH = 6-9.5) on the final coagulation
pH.

Based on the experimental data revealed that necessary degree of purification is achieved in a
dosage range from 0.06-1 Me mmol / I, which were further explored.

Selecting the range of pH values determined by the fact that the maximum intensity of the
biological purification process is achieved at pH 7.0 - 8.2, while at pH below 6.0 and above 9.5
is completely inhibited.

Zirconium-based coagulant lowers the pH less than aluminum and iron coagulants. Reduction
of pH by using an aluminum and iron-based coagulant and ranges from 1 to 1.5 units. given
initial pH 9.5-6, which further needs more reagents to maintain working pH. This behavior can
be due to various chemical properties of selected coagulants:

ZrOCl2:8H20— ZrO(OH)2|+2ClI+2H™+6H20 )
Al2(SO4)3 18H20—2AI(OH)s |+ 38042-+6H +12H20 @)
FeCl-6H20— Fe(OH)s)+3C1H+3H+6H20 3)
Fe2(S04)3:9H20— 2Fe(OH)3 | +3S042+6H+3H20 4)

According to the chemical reactions (1.4), result is the formation of 1 mole of zirconium
hydroxide which forms two moles of acid. While in the hydrolysis of aluminum and iron
coagulants form 3-6 moles of acid. Thus, needs a greater amount of alkali to neutralize the acid
and maintain the operating pH .

On the basis of pH studies were selected operating conditions of the coagulation process, t =20
° C, pH = 6-8. These values correspond to the desired pH for economic efficiency, speed of
reaction and efficiency of water purification. By the fact that nucleation occurs slowly at lower
pH and leads to the formation of a colloidal solution. Thus it reduces the effectiveness of water
purification. Also, with increasing pH, the instantaneous solution satiety accrues. Thus it leads
to rapid deposition and maturation of the sediment, which has negative affect on the efficiency
of purification.

Under selected conditions (pH and T) of the coagulation process, were investigated the effect
of pH of the model water on purification affiance from suspended solids, residual turbidity,
total phosphate and orthophosphate.

Coagulants purification efficiency from suspended particles is 80-90% when using aluminum-
and iron-based coagulants. While zirconium-based shows only 55-80% at the selected
operating range of coagulant doses. Further studies were carried out on the residual turbidity
of the water in the model.

22



Residual turbidity of zirconium-based coagulants is 14-16 NTU, at ot Mo
concentrations of coagulant 0.04-0.05 mmol Me/ 1. While the f D\
residual turbidity of aluminum and iron coagulant is 20 cm / 1 H H
under these conditions. This indicates a more efficient purification i AN
of t}.le.tl.lrbldlty on model watc?r‘, using zirconium atpH=7,6and % A /D
the initial pH = 8. Thus the ability of zirconium-based coagulants " o = "
to purify colloids more efficient then aluminum and iron H\ f“
coagulants. Because of specific structure of the colloidal particles e .ot

of hydrated zirconium oxide, which has a charge of 4 + ion, and 8, e
respectively, the unpaired ions that contributes to its greater  Figure 3 Structure of zirconium
capacity of adsorption . oxychloride ZrOCl,*8H,0.

Besides, one of the important parameters of water treatment is the

purification of the total amount of phosphates and orthophosphates. To determine the
purification efficiency of phosphates, have been carried several experiments using the above
coagulants under specified conditions (Figure 4).
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Figure 4 Purification efficiency phosphates on coagulant dose: @ — AlS; 6 — PIX; 6 — ZrNo; e — ZrUk; 1 — pH=6,0;
2 —pH=7,3; 3 — pH=8,0
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During purification process, metal partly goes both on removing suspended substances and
phosphates. Most of the aluminum and iron precipitate suspended solids. But the purification
efficiency of the total PO42- on average is only 55% (Figure 4. a, b). While, the value of T-P
for zirconium coagulant is 80-85% under the same conditions (Figure 4. c, d). This behavior is
explained by the formation of an insoluble precipitate zirconium phosphate:

Zr** + H3PO4 = Zr3 (PO4)4 + nH* ®)

Due to this reaction, a precipitation formed Zr3(PO4) *. So the product has much higher
solubility (Pr =1 * 10-132) than iron and aluminum salts (Pr=1.3 * 5.75 * 10-22 and 10-19,
respectively). Thus, even at low concentrations of zirconium-reagent, occurs almost complete
precipitation of phosphate.

Also, were conducted extra studies, to determine coagulants ability to purify water from
orthophosphate.

From the above data, the zirconium-based coagulants have a purification efficiency of
orthophosphate like phosphates. Thus, it indicates the efficient purification of organic and
inorganic impurities of phosphate in the water. The exception is the iron-coagulant, which
according to the literature (Kul LA, nd) most reacts with organic substances in the water. Thus
causing the difference between the readings of the T-P and PR.

Based on the data which were obtained in the laboratory, coagulants were tested on a real waste
water on NRA in Lillestrom.

Further data of removing suspended solids, phosphates and orthophosphate are shown in
Figure 5.
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Figure 5 Purification efficiency from turbidity of Figure 6 Purification efficiency from suspended
coagulant dose at the initial value. pH=6,5: @ — 1 — solids of coagulant dose at the initial value. pH=6,5: 1
AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk — AIS; 2 —PIX; 3 — ZrNo; 4 — ZrUk

Based on the figure, minimal doses of coagulants, which were selected in the laboratory are
suitable for cleaning real wastewater. Each coagulant has minimal residual turbidity after
coagulation about 5.5 NTU, at doses of coagulants at 0.04 mmol / 1, 00.05 mmol / 1,
0.05 mmol/ | and 0.07 mmol / | respectively for ZrNo, ZrUkr, AIS, and PIX-318. Thus, ZrUkr
has the largest purification rate of suspended solids at 97%, at dose of 0.18 mmol/l. However,
in industrial conditions enough purification efficiency lies in the range 70-80%, which is
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achieved by addition of 0.04; 0.05; 0.16 and 0.21 mmol Me/I1 for ZrNo, ZrUkr PIX-318 and AIS
respectively.

During the experiment, the degree of wastewater purification from phosphates and
orthophosphates was determined on the real water on the wastewater plant in the city
Lillestrom. The experimental data are presented in Figures 7 and 8.
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Figure 7 Purification efficiency from total phosphates  Figure 8 Purification efficiency from orthophosphates
of coagulant dose at the initial value. pH=6,5:: 1 — of coagulant dose at the initial value. pH=6,5:: 1 — AlS;
AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk 2 —PIX; 3 —ZrNo; 4 — ZrUk

Biological treatment is next step in water treatment process which occur in presence of
microorganisms, requiring as a nutrient medium phosphorus-containing compounds. Thus,
there is no need for a complete removal of phosphorus-containing impurities. The required
purification efficiency of waste water from phosphates and orthophosphates achieved at a dose
of zirconium-based coagulant 0.04 mmol Zr/ 1 and amounts to 75-85%.

Conclusion

During this research work were analyzed and compared two traditional coagulants (based on
aluminum and iron), and two zirconium-based coagulant. Under laboratory conditions were
determined conditions for quality of the process of coagulation, which according to
experimental data is coagulation pH = 6 ... 8. Also, were defined minimal doses of coagulants
at 0.04 mmol /1, 0.05 mmol / 1, 0.05 mmol / L and 0.07 mmol / L, for ZrNo, ZrUkr, AIS and
PIX-318, respectively. Coagulants were tested for the ability purify to model and wastewater
from suspended solids, total phosphate and orthophosphate. Zirconium-based coagulants have
purification efficiency from phosphate about 75-85%. at doses of 0.04-0.05 mol Zr / 1, which is
more effective as compared to traditional coagulants. The study has confirmed the effectiveness
of water purification both in the laboratory on a model solution and in the factory, on the real
wastewater.
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CpaBHeHne TPAaAULMOHHBIX aJIOMHHUI- U JKeJge3ocoaepkammux KoaryJjJsiHtoB ¢

KOoaryJ/JsiHTaMu Ha OCHOB€ IUPKOHMSA. OIIeHKa uupxouuﬁcouepmamnx KOaryJjJsHToOB

A. Byunnckasn *, A. Kyabunnckas *, X. PatnaBupa

Hopsesxckuit yHuBepeuter ecrecTtBeHHbIX Hayk, PO Box 5003-IMT, 1432 Aac, Hopserus

* CootBeTcTBYIOIIHKE aBTOphl; E-mail: anastasiia.buchynska@nmbu.no, alina.kulchynska@nmbu.no

AHHOTAIUSA

B Hacrosimee Bpemsi HE BBI3BIBAET COMHEHHE PA3BUTHE U YCOBEPILIECHCTBOBAHME IPOLIECCOB
BO/I00YHCTKHU. [T0CKONBKY peareHTHBIN CrIoco0 OYMCTKU BOIBI, KaK KOATYJISIHS U (IIOKYIISIHS,
npuoOperaeT Bce OONBIICH MOMYJSPHOCTH, BOSHHUKIA MOTPEOHOCTh B YCOBEPIICHCTBOBAHUU H
noucke Ooinee sddextuBHbx xumukaroB (EDZWALD & TOBIASON, 1999). Tak xe
NPUYMHAMM HCCIIEIOBAaHUH HOBBIX KOAryJISHTOB SIBIISIOTCS SKOJIOTMYECKHE, SKOHOMHUYECKUE U
npuponueie ¢dakropel (P Jarvis, Jefferson, Gregory, & Parsons, 2005). Ilenbto ngaHHBIX
UCCIIeIOBAaHNH SIBJISIETCS CPaBHEHHE KauecTBa OYMCTKM KOAryJsSHTOB Ha OCHOBE IIMPKOHUS C
TPaJWIMOHHBIMU KOAryJIIHTAMH Ha OCHOBE AIIOMUHHS M Kene3a. [ TOCTMKEHWW ITaHHOM
1eJ OBUTH OTIpeIeNIeHbl MUHUMAaJIbHBIC pabouue T03bl KOAryJITHTOB M YCIIOBHS TSI TPOTEKAHHS
3G GEKTUBHOIN KOaryJisiiy, U3y4eHbl 3aBUCHMOCTH OCTaTOYHOW MYTHOCTH M CTCTICHEH OYUCTKH
OT B3BEIIEHHBIX 4YacTull, (pochatoB u oprodocdaroB oT 036l KoarynsHTa (Sharp, Jarvis,
Parsons, & Jefferson, 2006). [lamnbie mnomyudeHsl B Xoxae '"Jar-test-okcriepuMeHTOB" W
JanpHEWIIeM aHannM3e OTOOpaHHBIX IMocie Koaryimsauuu npoO Boxabel. [locnme mposeneHus
IKCIICPUMEHTAa B JA0OPATOPHBIX YCIOBHSAX, Ha MOJICIBHOW BOJE, KOAryJISHTHl ObUIH
anpoOUpOBaHbl B pEabHBIX YCIOBUSX CTaHIIMKA BOJOMOJATOTOBKM. Ha OCHOBE pe3ysibTaToB
MOJTYYSHHBIX SKCHEPUMEHTANBHBIM IyTeM OBLIO BBISICHEHO, YTO MHHUMAJIbHBIE pabouyue J03bI
mis ZrNo, AlS, PIX-318 u ZrUkr seisrorcs 3.3 wmr/m, 3.4 wmr/m, 3.5 mr/n u 44 wmr
COOTBETCTBEHHO. [IpH 3TOM pe3ynbTaThl HCCICIOBAHWS HAa MOJEIBHOM pacTBOpe OJIM3KH C
pe3yJbTaTaMu, IMOJTyYCHHBIMH Ha peallbHOW CTOYHOM BOJIE, YTO CBHCTEIBCTBYET O MPABUIBHOM
MOCTAHOBKE dKcTiepuMeHTa U d()PEKTUBHOCTH pabOThl KOAryJIsSIHTA HE TOJIBKO B JIA0OPATOPHBIX,
HO ¥ TIPOU3BO/ICTBEHHBIX YCIOBUSX.

KiroueBble cjioBa: BOJla, OYMCTKA, KOATYJISIUS, aTIOMUHUH, Kelle30, IUPKOHUM, M3BJICUCHHUEC

tdocharos
Berynienne

BoponoaroroBka ¢ MOMOIIBI0 XWMHUYECKUX BEIIECTB SBISIETCS OJAHUM U3 d(DPEKTUBHBIX
MeTo10B ourcTkr Boabl (Faust & Aly, 1998). XoTs, MHOrMe XMMUYECKUE BEIECTBA, & UMEHHO
KOaryJISIHTBI, JIOCTyIHBI B OOJIACTHM OYHCTKHA CTOYHBIX BOJ[, CKOPOCTH IPOMBIITUICHHOTO
pa3BHUTHS, W3MCHCHHUS KIUMaTa H OKOHOMHYECKH TPOOJIEMbl BBIHYXKJAIOT Pa3BUBATH
TPaAWIIMOHHBIA MeTO . PactipocTpaH€HHBIC KOATryJISTHTHI HA OCHOBE aJTFOMUHUS U JKelie3a UMCIOT
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P HEJOCTAaTKOB TakuX Kak ocratouHblidi amomubnii (XIAO, ZHANG, & LEE, 2008) u
CHIDKCHHSI Ka4eCTBa OYMCTKU BOJBI MPHU HU3KUX pH [UIs KOaryJisHTOB Ha OCHOBE aJIOMUHHS U
xkenesa coorBeTcTBeHHO (Duan & Gregory, 2003). Llenbro maHHOW paOOTHI SBISETCS OICHKA
HCIOJIb30BaHUS KOAryJISHTOB Ha OCHOBE IIMPKOHUS C TPAJAMIIMOHHBIMU KOAryJISIHTAMH Ha OCHOBE
QIIOMUHMSI W JKele3a. B oTdeTe omMchIBaeTCS CTEMEHb OYMCTKHA BOJBI TPH HCIIOJIH30BAaHUHU
TPAJMIIMOHHBIX KOAryJISIHTOB W WX CpaBHEHHE C 0ojice HOBbIMU. [IpMMeHEHHe MpeiaracMbix
XUMHUCCKHX BEIIECTB HA OCHOBE IIUPKOHUS JIOJIKHBI YIIPOCTUTH YCIIOBHS ITPOIIecca KOaryJIsIny,
pACIIMPUTh JTUAMa30H U1 OYHUCTKH Pa3HBbIX CTEMCHEH 3arpsA3HEHUs BOJBI, CAEIaTh IMPOIECC
koarysiiuu 0osee sSkoHoMudHbIM (Peter Jarvis et al., 2012).

Metoabl 1 MaTepHAJIbI

MopenbHast BoJa, KOTOpasi OblUla MCIIOJNB30BaHA B JAHHOM HCCICIOBaHHMHM, OblUIa KECTKas H
coZiep)kaia CpelHee KOJIMYECTBO B3BEIICHHBIX dvacTul. HauambHas (McxomHas Boxa nMelna
CIIEIYIOIINE TTapaMeTpbl) MyTHOCTh cocTaBiistiia npuMepHo 300,0 HedeToMeTPUIECKUX C/IMHHIL
mytHoctu (NTU), pH = 8.3; T-SS = 120 mr/n; T-P = 12.6 mr/m; OP = 5.8 mr/n. B pamkax
WcciIeoBaHusl  ObUIM  WCMONb30BaHbl  cynb(ara  amomuHus  (ALS,  Kewmwupa),
nonmantomuauiixinopun (PAX XL-61), cynedar xeneza (PIX 318, Kemupa) u oxcuxmopus
mupkoHus (ZrNo, HopBexckuit; ZrUkr, ykpanHCKHIA).

Koarynsat Ha ocHoBe nupkonus conepxai 27% u 42% ZrOz cOOTBETCTBEHHO. Y ICJIbHBIN BeC
KoarynsiHToB coctasisun 1.24 (ZrNo) u 1.38 (ZrUk) r/em® u pH <1 mis 060ux KoaryJsiHTOB

(Tabm. 1).

Ta6auna 1 - XapakrepucTruka KoaryJissHTOB

Zr+4 Al+3 Fet3
ZrUk ZrNo AlS PAX XL 61 PIX 318
Wou meramia, 1/ 8.4 6.6 4.3 5.4 11.6
M, r/monb 322.2 322.2 342.2 342.2 815.55
V nenbHblA Bec, T/cM> 1.38 1.24 1.3 1.27 1.50
pH <1 <1 > >2.5 <1

Ilocne oueHkum kauecTBa pabOTHl KOAryJiIssHTOB B JIAOOPAaTOPHBIX YCJIOBUSX, JajbHEHIINe
SKCIIEPUMEHTHI POBOJMIIMCH HA peaibHON CTOYHON Boje Ha 3aBoje NRA (r. Jlumiectpém).

Jar TecTbI

Koarymsiiust mpoBogmnace Ha ammapare Floculator 2000, ¢ ucmonb3oBaHHeM 6 CTEKIISHHBIX
cTakaHoB, éMkocTbio 1 J1. Ilpomecc koarynsuuu npoBOAMICS B TpPU 3Tala MepeMelIMBaHUSA:
osicTpoe (60 cex, 400 obopoTtoB B MuHyTy) U MemieaHoe (10 muH, 30 000pOTOB B MUHYTY)
cmemrBanug U otcranBaHue.(30 muH). C IOMOIIBIO AaBTOMAaTUYECKOM MUIETKH I0OCiIe Havyaia
¢a3pl  OBICTPOrO mepeMemmuBaHus ObUT J00aBIeH KoaryisHT. M3mepenus Benmunabl pH
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pacTBOpa NpPOBOAWIM Ha CTagud MEICHHOro mnepememmBanus. [IpoObl BoAbl  ObLIH
npoaHanu3upoBanbl Ha MyTHOCTH (“2100Q Portable Turbidimeter — Hach®,” n.d.), B3Bemiennsie
BemecTBa ((uibTpanus, CTEKIOBOJOKOHHOM (uibTpe), obmiee konumdyectBo (ochatoB u
oprodocharoB, mociie Guibrpanuu depe3 0.45 MM MHUKPOBOJIOKHHBIH CTEKISTHHBIA (DHIIBTP
(Fisher Scientific, Loughborough, UK). Onpenenenue dpocdatos u oprodochaToB OCHOBAHO HA
CIIEKTPOMETPUYECKOM H3MEPEHUH KOHIICHTPAIUU TeTepONOIUMOINO1eHPOoCcHOpPHON KHUCIOTHI,
BOCCTaHOBJICHHOTO ackopOuHOBO#l kucimoTtoit (ISO 6878:2004 "Water quality. & Method",
2004).

Jar-Tect Ha peanbHBIX CTOYHBIX BOJAX BKJIIOYAT BCE YIMOMSHYTBIC STallbl 32 HMCKIIOYEHUEM
n3MepeHust odumx ¢ocdaror u oprodocdaToB, KOTOpbIE B JaHHOM CIIy4ae MPOBOJWIH C
ucrnonb3oBanueM Metoma Lange Hach, ocHOBaHHOTO Ha CHEKTPOMETPHYECKOM H3MEpPEHHH
KOHIIGHTPALUN TeTepONOIMMONNO1eHPOCHOPHON KUCIOTHI BOCCTAHOBIECHOTO aCKOPOMHOBOM
KHCIJIOTOM, YTO MO3BOJIET IPOBOAUTH OINpeesieHne 0oee SKCIPECHO.

PesyabTaTsl

B xone wmccnenoBaTenbckolt paboOThl, OBUIO MPOBENICHO CpaBHEHHE 3(PPEKTUBHOCTH OYUCTKH
MOJICIGHOW M CTOYHOW BOJ C HCIIOJIb30BAHWEM TPAJUIMOHHBIX KOAryJIsHTOB Ha OCHOBE
amomuans u xkeneza (AIS, PAX-XI-61, PIX-318) wu omeHka IMPKOHUHCOIEPKAIIIX
koaryssiHToB (ZrNo, ZrUkr).

OxHuM W3 BaXHEHIINX YCIOBUI 3(P(PEKTHBHOTO MPOBEACHUS MpPOIecca KOATryJALUHN SBISETCS
oTpeiesieHe MUHUMAaJIBbHOTO AUana3ona pado4ymx 03 KoaryJIsHTOB. B xoze sxcnepumenTa Obut
MPOTECTUPOBAH MIMPOKHIA qrara3oH 103 ot 0 1o 12 Mmonbe/n koarynsHTta. [loaydeHHbIe JTaHHBIC

MIPUBE/ICHBI HA PUCYHKE 1.
300

. NTU

100

T

TU

50

0

Dose mmol Me/l
Puc 1 - 3aBHCHMOCTh MYTHOCTH OT J103bI KoaryJisiuta; 1 — AlS; 2 — PAX; 3 — PIX; 4 — ZrNo; 5 — ZrUk

29



PesynbraTthl ompeneneHuss MHHUMAIBHOTO MPOMEXYTKa pabouyux [03 TOKa3zald pe3Koe
cHmwkenne mytHocte ¢ 300 EM/n no npubmusurensHo 5 EM/n, npu nozax 0,06 mmons Me/n s
IUPKOHUKCcOoAep)Kaux koaryiasatoB u g0 0.15, 0.5 mmomp Me/n mis alOMUHUR U
KeJe30coiepKallluX KOoaryJassHToB. Tak ke ObL1 OnpesieneH MPOMEeXyTOK 103 KOAryJsIHTOB MpU
KOTOPBIX Ha0JII0JJaeTCsl BHICOKAsl CTENEHb OYMCTKH MOJEIHHON BOJBI OT B3BECEH, BHI3BIBAIOIINX
nomyTHeHUE (10 97% nns PAX-X1-61). [TockonbKy IMPKOHAKCOIEPIKAIIIE KOATYJISTHTHl UMEIOT
OoJiee MUPOKMIA JAMANa30H /03 10 CPABHEHUIO C TPAJAUIMOHHBIMU KOATYJISIHTAMH, 3TO MOXKET
OBITh UCTIOJIB30BAHO /ISl MX MPHUMEHEHHS IO OTHOIICHUIO K PA3HOM CTETICHU 3arpsA3HEHHS BOIBL.

[Ipu nanpHEIEH OYMCTKE MOJETHHONW BOJBI OT B3BEUICHHBIX YACTHII, BHIOPAHHBIN JHana3oH
J103 OBLT TIOJITBEPIK/ICH 3HAUEHUEM CTEIICHN OYUCTKHU 0K0JI0 95% s AlS u PAX XL 61.

100
90
80

o 70

o

= 00
50
40
30

0.0 1.0 2.0 0,0 1.0 2.0
mmol Me/l mmol Me/I
a) 6)

Puc 2 — 3aBUCHMOCTb CTETIEHU OYMCTKU CTOYHON BOJBI OT J03bI KOATyJIsIHTa MPU HavalbHOM 3HaueHuu pH=8: a —
OT B3BCIICHHBIX BEUIECTB; 6 — oT 00mmux pocdaros; 1 — AlS; 2 — PAX; 3 — PIX; 4 — ZrNo; 5 — ZrUk

Vcxons w3 BIMIENEPEUHCICHHBIX JaHHBIX, MUAna3oH padounx m03 B mpenenax 0.06-1 momns
Me/n xoaryisHTa SBISETCS TPUEMIIEMBIMH, TOCKOJIBKY CTENEHb OYHCTKHA OT (ocdaroB u
optodocharoB cocraBiasier B cpegHeM 60-85%, uTO JOCTAaTOYHO HA JAaHHOM JTame
BOJIOTIO/ATOTOBKH.

Kak BumnO u3 rpadukoB, PAX XL-61cxox mo cBoiictBam ¢ AlS cynbdarom amoMuHHS, HMEET
OOJIBIIYIO0 CTENCHb OYHMCTKU MPU JAHHBIX YCIOBHAX. TakuM o0pa3oM, Ui CpaBHEHUS OBLIO
JIOCTaTOYHO MCIOJBh30BATh TPAJUIIMOHHBIC KOATyJISIHTHI Ha OCHOBE alfOMHHHUA U xkene3a (ALS
PIX-318).
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Jns moxbopa ycioBuil MpoBeAEHUs! Mpoliecca KOaryssaluu ObUIM TPOBEICHBI MCCIEIOBAHMS
BIMSIHUSL /103 KOAryJIsIHTOB NPH 33JaHHBIX HadanbHbIX pH MoxenbHo#l Bomel (pH=6-9,5) Ha
KOHEUYHYIO KOaryJsiuoHHyto pH.

Ha ocHOBaHMM SKCHEpUMEHTANbHBIX JAHHBIX YCTAHOBJEHO, HEOOXOauMasl CTENEeHb OYMCTKU
Jocturaercs B quanasone 103 ot 0.06-1 mmons Me/in, KoTopble B ObIITH HCCIIEI0OBAHBI Jaliee.
Bri6op nuanazona 3HaueHnid pH 00yciioBiIeH TeM 4TO MaKCHMallbHAsi MHTEHCHBHOCTD MPOIEcca
Ouonoruueckoi ouncTku gocruraercs npu pH 7.0 - 8.2, B To Bpems, kak npu pH Huxe 6.0 u
BbIIIE 9.5 OH MOJTHOCTHIO 3aTOPMAKUBACTCSL.

[{upkoHHMEBBII KOAryJisHT MOHMXaeT pH MeHblle 4YeMm allOMHHUH- U JKelIe30CoepiKaliie
KoaryJsiHTel. CHIKEeHUe 3HaueHuid pH mpu ncnosib30BaHUU aIIOMUHUN- U 5KEJIe30COAepKaIInX
KOAaryJsiHTOB JIKHUT B Auana3one oT 1 go 1.5 en. npu 3amanHbix HadanbHbIX pH 9.5-6, uyto B
JanpHeWIeM MoTpeOyeT BBEAEHUS OOJBLIEr0 KOJUYECTBA PEAareHTOB Ul MOJJAepKaHMs
pabounx pH. JlanHoe moBeneHHE MOXKET ObITh BBI3BAHO pA3IMYHBIMM  XHMHYECKUMHU
CBOWCTBaMHM BBIOPAHHBIX KOATyJISIHTOB:

ZrOCl>-8H20— ZrO(OH)» | +2C1+2H +6H>0 (1)
AL(SO04)3- 18H20—2Al(OH)3 |+ 38042 +6H+12H,0 ©)
FeCls-6H20— Fe(OH)3 | +3C1+3H +6H>0 3)
Fex(S04)3-90H20— 2Fe(OH)3 | +3S042+6H +3H20 ()

CornacHo BBIIENPEACTABICHHBIM XHMUYECKHM PEaKIUsM, B pe3yibraTe oOpa3oBaHuu 1 Mons
THIPOKCUIA IIMPKOHUS O0pasyercss 2 Moy KHCJIOTBI, B TO BpeMS Kak IPH THIPOIH3E
ATIOMHHUI- U JKEeNe30CO/IePIKaINX KOaryJIstHTOB o0paszyercst 3-6 MoJisi KHCJIOThI, HA KOTOpBIE
HEOOX0AMMO OOoJbllIee KOJTMYECTBO MICTOYM ISl HEHTpaIM3allid KHUCJIOTHI U TOJIEPKaHHs
paboueii pH.

Ha ocnoBe wuccnenoBanust pH, Obuinm BbeIOpaHbl paboume YCIOBHS IPOBEICHHS Mpolecca
koaryssiuu, t=20°C, pH=6-8. Jlanneie 3HaueHuss pH coOTBETCTBYIOT TpeOyeMbIM C TOUKH
3peHUs SKOHOMUYECKOW pPEeHTa0eTbHOCTH, CKOPOCTH TPOBEACHUS peakiuud U d((HEKTHBHOCTH
OUYMCTKU BOJbI. Takol BBIOOpP OOOCHOBBIBaeTCs TeM, uTo Tpu Oosiee HM3KuUX pH mporecc
3apofpIIe00pa3oBaHsl MPOUCXOTUT Oojiee MEUIEHHO, YTO TPHUBOAUT K OOpa30BAHHUIO
KOJUIOWZHOTO pPAacTBOpa, 4YTO CHIKaeT 3()(EeKTHBHOCTh OYMCTKH BOXBL. [IpW yBenmueHHH
3HaueHHs pH, NpPOMCXOOUT MTHOBEHHOE IPECHIIIEHHE PACTBOpA, MPHUBOISAIIEE K OBICTPOMY
OCAKICHUIO M HE CO3PEBAHUIO OCAJKa, YTO HEraTHMBHO CKa3bIBaeTcs Ha 3S(PPEKTUBHOCTU
OYHCTKH.

[Tpu BBIOpaHHBIX ycioBHsX mporecca koarysuud (pH u T) Obuim mpoBeneHBI UCCIETOBAHHS
BiusHUST pH BOIBI MOCie KOaryJsiiid Ha MOJCIBHBIX PacTBOpax OT B3BEIICHHBIX BEIICCTB,
0CTAaTOYHYIO0 MyTHOCTb, CTETIEHb OUMCTKH 0o0mmx GocdaroB u oprodocdaros.

[Ipu WCMONB30BaHUM ATIOMHHHUI- W JKEIE30COJCPIKAIIMX KOAryJSIHTOB CTENeHb OYHCTKHA OT
B3BemICHHBIX YacTwr jgocturaeT 80-90%, a NUPKOHWIA- CojepKamero Toiabko 55-80% mpwu
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BBIOpaHHOM JHana3oHe pabouumx 103 KOAaryjsHTa. JlOMOJHUTETHHO OBUIM IPOBEACHBI
HCCIIEIOBaHMsI Ha OCTaTOYHYI0 MYTHOCTb B MOJIEIIbHOM BOJIE.

OcratoyHass MYTHOCTb MOJETBHOW BOABI MmpU  00paboTKe - W -
UPKOHUHCOIEPKAIMMH KOaryIstHTamu coctasisieT 14-16 EM/n npu J/D D\
koHIeHTpanuu koaryssiara 0.04-0.05 mmons Me/in. B To Bpems kak HH o HH
OCTaTOYHAasi MYTHOCTb Ui QJIIOMHHHMNA- M KEJIe30COIeprKalliX o 5,
KoarynssHToB coctaBisier 20 EM/m mpu [OaHHBIX YCIOBUSAX. JTO \H o g /
CBUJICTEILCTBYET O OoJyiee d(H(HEKTUBHOW OYMCTKH MOJICITBHON BOIBI ”\ fH
OT MYTHOCTH C IIOMOIIbIO IIUPKOHUHCOJEPKALIMX KOAryJsHTOB IpU P o w"

o

KoaryJsuoHHbeIXx pH=7, 6 u HagampHOW pH=8. UTo 00ycioBiIEeHO

. Pucynok 3 - Ctpoenue
CIOCOOHOCTBIO  IIUPKOHMHCOAEpPKALIMX  KOAryJsHTOB  OYMIIATh

OKCHUXJIOpUaa HUPKOHUS

KOJUIOW/THBIC BeIECTBA s dexTuBHEE AITFOMUHMN- u  ZrOCL*8H,0.
KeNe30coiepKamuX KoarynsHToB. JlaHHeid 3Q@eKT MokKeT ObITH
BBI3BAaH CHENU(UUECKON CTPYKTYpOH KOJUIOMIHOW YacCTHIBI THUIAPATHPOBAHHOTO OKCHAA
IUPKOHMSI, KOTOPBI MMEET 3apsij HMOHAa 4+ M COOTBETCTBEHHO 8 HECHApEHHBIX HOHOB, YTO
crocoOCTBYET ero 0oJbIIel aJcopOIMOHHON CTOCOOHOCTH.

BwMmecrte ¢ TeMm, OHMM W3 BaXKHBIX MAPAMETPOB B BOJOIMOJITOTOBKE SIBISICTCS OYHUCTKA BOJBI OT
obmiero konnyectBa Gocharor u oprodochator. C 1ENBIO ONPEACICHHS CTSICHU OYNUCTKUA OT
¢dochaToB OBUT IPOBE/IEH Ps UCCICAOBAHHIA C MCIIOIB30BAHNHN BBIIICOMMCAHHBIX KOATYJITHTOB
IIPY 3a/IaHHBIX YCTIOBHSIX (puc 4).

100 - 20 - 1
90 - 70 - 2
80 -
5 60 - 3
70 | 2 3
i 50
e 0, <
o 50 47 > 40 -
. a0 4 1 = 30 -
30 -+
20 A
20 +
10 - 10 -
0 T T T T T 1 0 T T T T T 1
0,05 0,13 0,16 0,21 0,29 0,32 006 0,21 035 0,52
mmol Al/I mmol Fe/l
a) 0)
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100 - 3| 100 -
90 1 90 1
80 - 2 80 - 3
70 70 - 2
3360 . 3360 .
a~50 - a~50
'L40 . #40 .
30 4 30 4
20 20 4
10 10
0 ‘ T T ‘ T ] 0 T T T T T 1
0,04 015 0029 0,44 058 0,69 0,05 0,14 0,28 042 046 0,70
mmol Al/I mmol Al/]
B) r)

Puc 4 - Crenenp ounctku oomux ¢ocdaros ot 1036l koaryisara: a) — AlS; 6) — PIX; 6) — ZrNo; ¢) — ZrUk; 1 —
pH=6.0; 2 — pH=7.3; 3 — pH=8.0

B mporecce koarynsiMM 4acTh MeTala MIET HA OYHUCTKY HE TOJIBKO B3BEIICHHBIX H
KOJUIOWJIHBIX BelecTB, HO U ¢ocdaron. Kak BuaHO U3 prc. a) u 0), Oosbiias 4acTh aTlOMUHUS U
JKeJe3a OCAXKTAIOT B3BEIICHHBIE BEIIECTBA, OJHAKO CTENEHb OYHCTKU OT OOIIETO COMEpKaHHS
PO4* cocraBnser B cpeaneM numb 55% (puc 3 - a, 6). B To Bpems kak, BenmuuuHa T-P ms
IUPKOHUN CojeprKalue KoaryssaTa gocturaer 80-85 % mpwu tex ke ycnoBusx (puc 3 - B, T).
Takoe noBeieHue 00BICHIETCS 00pa30BaHUEM HEPACTBOPUMOTO ocajika dochaTa MIUPKOHUS:

Zr** + H3PO4 = Zr3 (PO4)s + nH" ®)

B cnenctBum mpoTekaHUs JaHHOW peaknuu obOpasyercs ocamok Zri(POs4)s, mpousBeneHue
PacTBOPUMOCTH KOTOpOro 3HaumtensHo Bhime (IIp=1*10"1%?) yem coneil xene3a ¥ amOMUHUS
(Mp=1.3*10%2 u 5.75*10"'°, COOTBETCTBEHHO) NPAKTHYECKU MOJNHOE OcaxaeHue (pocharon
MPOMCXOIUT JAXKE NMPH HE3HAYMTENBHBIX KOHIEHTPAIUSX IIMPKOHUHCOIEPIKALINK PEArEHTOB.

Jlnst Gornee AETaTbHOTO M3YYEHHUS! CIIOCOOHOCTH KOAryJSIHTOB OYMINATH BOAY OT OCTATOYHBIX
pactBopeHHbIX (QopMm ¢docdaTtoB (oprodocharoB), ObUTM TPOBEJACHBI  JOMOJHUTEIHHBIE
HCCIICIOBAHMSL.

Vcxonst w3 BBIICIPUBEACHHBIX JAAHHBIX, [TUPKOHUHACOICPKAINA KOATYJISIHTHI UMEIOT CTEICHb
OUYHMCTKH OT OpTO(OCHaTOB CXOTHYIO CO CTEIEHBIO OUUCTKH OT (Oc(haTOB, UTO CBUIETEILCTBYET
00 3 eKxTUBHON OYKMCTKE OpPraHWYeCKHUX M HeopraHudeckux (ocdaTHBIX MpuMeced B BOJE.
HckirouenneM SIBIISICTCS KEIE€30COASPIKALINNA KOAryJIsIHT, KOTOPBI COTJIAaCHO JIMTepaTypHBIM
nanabM (Kynbckuii JILA., n.d.) B Oounblieit cTeneHu pearupyer ¢ OpraHMuecKUMU BEIIECTBAMHU B
BOJIC, TEM CaMbIM 00yCIIaBIMBas pasHUILy MeX1y nokazanusmu T-P u OP.

baszupysce Ha maHHBIE TOTy4YEHHBIE B JAOOPATOPHBIX YCIOBHSIX, BEIOPAHHBIE KOATYJISHTHI OBbLIH
anpoOupoOBaHbl HA peTbHON CTOUYHOH BoJie 3aBoj1a NRA B ropoje Jlnnnectpém.
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JlanbHelIasi OYUCTKA CTOYHOW BOJM OT B3BEIICHHBIX BemlecTB, (ocdaToB u oprodocdartos
MOKa3aJIy 3aBUCUMOCTH, KOTOPBIE NIPECTABICHBI HA PHC. 5.

160 120
40 $
ta 100
120
100 80
= 50 g !
. L 60
2 7
— 60
= 40
40
20 20
. - = o ! ,
0 0
0 0,5 1 -
mmol Me/l 0.0 nnngTDNIe.-ﬂ Lo
Puc 5- CremeHb OYHCTKHM MYTHOCTH OT 103l Puc 6 - CTerneHb OYHCTKH B3BEIICHHBIX BEIIECTB OT
koaryisiara: 1 — AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk 1036l koaryisaTta: 1 — AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk

Ucxons u3 pucyHka, pabourie MUHUMAIIbHBIE J103bI KOAryJISIHTOB, KOTOpPbIE ObLUTH BHIOPAHBI B
Ja0OPATOPHBIX YCIOBUAX TOJXOJAT JUIS OYUCTKA PEATbHON CTOYHOW BOJBI. MUHHMMaNbHAS
0CTaTOYHAsi MyTHOCTb MOCJIC MPOIECca KOArYJIAIUH I KaXKA0r0 KOArysiHTa COCTABIIAET OKOJIO
5.5 EM/n, npu no3ax koarynssHToB 0.04 MMo:s/mn, 00.05 mmons/mn, 0.05 Mmoms/n u 0.07 Mmoite/i
cootBetcTBeHHO st ZrNo, ZrUkr, AIS u PIX-318 . [Ipu sToM, aHanmu3upys CTENeHb OYUCTKU
OT B3BCIICHHBIX BEIIECTB, MaKCUMalbHas CTENeHb OYMCTKU B 97% jgocturaercs mpH
ucrnonb3oBanun ZrUkr mozoit 0.18 MMoIb/T, OJHAKO B 3aBOJICKUX YCIOBHUSX JOCTATOYHAS
CTENEeHb OYMUCTKH JIGKUT B mipeeniax 70-80%, uro mocturaercs qodasmenuem 0.04 ; 0.05; 0.16 u
0.21 mmomb Me/n mis ZrNo, ZrUkr PIX-318AIlS cooTBeTCTBEHHO.

B xome skcmepumeHTta Oblia ompejaenieHa CTENEHb OYMUCTKHA pealbHOM CTOYHOM BOJBI OT
tdocharoB u oprodocdaroB B pamMkax 3aBojia 1O OYHUCTKE CTOYHOM Bonbl T. Jlmmimectpém.

JlaHHble 3KCIIepUMEHTA MIPeICTaBICHbI Ha PUCYHKaX 7, 8.
100
5 NN 100
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Puc 7 - Crenenp oumctku (ocdatoB or o361 Puc 8- Cremenb ounctku optodocdaroB OT H03bI
koarymsiata: 1 — AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk koarymstata: 1 — AlS; 2 — PIX; 3 — ZrNo; 4 — ZrUk
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Tak xak manpHEHIIEH cTamrell BOLOIIOATOTOBKHU SIBJIISIETCS OMOJIOTMYECKAsl OYMCTKA, OCHOBHEIE
MPOLIECChI KOTOPOM MPOTEKAIOT B MPHUCYTCTBUU MHKPOOPTaHU3MOB, TPEOYIONIHE B KayeCTBE
MMATATEILHOUN cpebl pocdopcoaepkaiiue coequHeHus. Takum 00pa3oM, HET HEOOXOIUMOCTH B
MOJTHOW OYHCTKEe OT (ocdopcomepxkamux npumeceil. Tpedyemas CTEIEHb OYUCTKH CTOYHOU
Bojbl OT (ochaTtoB W oprodocdaToB AOCTHraeTcss MPU J03€ HUPKOHHWH COJEpIKAIIETo
koarynsHTa B 0.04 Mmmouts Zr/n u coctaBnsieT 75-85%.

BrIiBoabI

B xoze uccnenoBarenbckoit paboThl OBLIM MPOAHAIIM3UPOBAHBI U CPABHEHBI J1BA TPAAUIIMOHHBIX
KoaryJsiHTa (Ha OCHOBE aJIIOMHUHHS M JKeJie3a), W JIBa LUPKOHUHCOAEpKAIMX KoaryssHra. B
1abopaTOpHBIX YCIOBUSIX OBUIM OMpPENENeHbl yCIOBUS JJIi KadeCTBEHHOTO TMPOTEKaHHS
mporecca KOaryJislidd, KOTOPBIMH COIVIACHO AKCIEPUMEHTAIBHBIM JaHHBIM  SIBIISIOTCS
koarysuonasle pH=6...8. OnpeneneHsl MUHUMaNbHBIE PadOYHe 03Bl KOATYISHTOB KOTOPHIE
cocraBunu 0.04 mmons/n, 0.05 mmons/n, 0.05 mmons/n 1 0.07 MMOJIB/II COOTBETCTBEHHO ISt
ZrNo, ZrUkr, AIS u PIX-318 cootBercTBenHO. [IpencTaBneHHbIe KOATYISIHTHI OBUTH POBEPEHBI
Ha CHOCOOHOCTh OYMINATh MOJEIbHYI0 M CTOYHYIO BOJBI OT B3BEUICHHBIX BELIECTB, OOLIMX
tdocharoB u oprodocharoB. YcTaHOBIEHA CTENEHb OYUCTKH (ochaToB y MHPKOHHM-
COJIEpIKaIMX KOAaryJssHTOB okojo 75-85%. mpu no3ax ot 0.04-0.05 mmons Zr/m, uto OGonee
3(pGEKTHBHO IO CPABHEHHIO CO CTEMEHBIO OYMCTKH TPAIMIMOHHBIX KOAaryJssHTOB. B xoxe
UCCIIeIOBaHMsl ObUIa TOATBEPXKICHA Y(PPEKTHBHOCTh OYUCTKH BOJBI KaKk B JIAOOPATOPHBIX
YCIIOBUSIX Ha MOJIEIbBHOM PacTBOPE, TAK U B 3aBOJICKUX YCIOBHUSIX, HA peabHOW CTOYHOU BOJIE.
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Abstract

The necessary precondition of transition to reserved water circulating systems in the mineral
fertilizers plants is the increase of the waste water purification degree. In this connection, in the
present work the results of researches of thin purification of waste water on the base of a carbone
method are discussed. As a result of study of the process various variants realization has been
established, that the deepest purification degree is achieved at its realization on base of two stage
scheme of the basic purification without preliminary branch of a deposit before carbonization. The
practical realization of the developed method of waste water purification will ensure an
opportunity of stable functioning of reserved water circulating systems in manufacture of
fertilizers and will allow to prevent ‘the fluoration’ of others water circulating systems.

AHHOTAIIMSA

HeoOxoauMoil MpennochlIKOM Mmepexoja Ha 3aMKHYTBbIE BOJOOOOPOTHBIE CHUCTEMBI B
MIPOU3BOJICTBE MUHEPATIBHBIX yI00pEHUN SBISETCS MOBBIIIEHUE CTEIIEHN OUYUCTKUA CTOYHBIX BOJI.
B pesynbrare u3ydeHus pa3iaMuHbIX BAPUAHTOB OCYILECTBIICHMS NPOLIECCa YCTAHOBJIEHO, YTO
HambOoJsee rTy0oKas OYMCTKA JOCTUTACTCS NIPH €€ MPOBEICHUHN Ha 0a3e ABYXCTAJHHHON CXEMBI
OCHOBHOM O4YHMCTKM 0€3 TMpeABapUTENbHOTO OTIAEICHHUS Ocaaka TMepea  KapOOHMU3AIHEH.
Pe3ynbrarhl 3aBOACKMX HMCHBITAHUM MOATBEPAMIM JaHHBIE JaOOpPaTOPHBIX HCClenoBaHUU. B
YaCTHOCTH MPHU HAYAIBFHOM COZAepkKaHuH (PTOpa B CTOYHBIX BoJax B xone ucnsitanuit ot 3011 mo
7920 mr/n, octatrouHoe coaepxkanue Gropa konedarocs ot 0,22 1o 0,6 mr/i (o cpaBaeHuto ¢ 20-
25 mr/n no aeiictByromei cxeme). [Ipaktudeckas peanuzanus pa3pabOTaHHOTO METO/Ia OYHCTKH
CTOYHBIX BOJ OOECIEYHT BO3MOXHOCTh CTAOWJIBLHOTO (DYHKIIMOHUPOBAHUS 3aMKHYTHIX
BOZ00OOPOTHBIX ITUKJIOB B MPOU3BOJACTBE (HOCHOPHBIX YAOOPEHUH U MO3BOIHUT MPEAOTBPATHTD
«3aTOpUBAHUEY JPYTHX BOJTOOOOPOTHBIX IIUKIIOB.

Keywords: Water cycle optimization; fluorine and phosphorus; waste water; reagent method;
neutralization.

Introduction

Due to the recent aggravating ecological situation, all the countries have toughened their
environmental legislation and the related requirements imposed on industrial enterprises.
Fluorinated and phosphorus-containing waste water is one of the most large-tonnage waste
produced by complex fertilizer enterprises. Therefore, one of the major challenges in the field of
environmental protection facing the industry is the change-over to closed water use system based
on zero waste discharge from industrial sites by its technological recirculation and fresh water use
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only to compensate the imbalance resulting from water leakage with final products and partly
water losses.

Organization of several autonomous water cycles is the basic concept of zero-discharge water
systems. The key factor for the organization of such cycles is the uniformity of the qualitative
composition of water used in particular industry or group of industries and the produced waste
water. Thus, the most contaminated fluorinated and phosphorus-containing waste water in the
complex fertilizer manufacturing is allocated in the form of «fluoric» water cycle.

As it is seen from the scheme, «fluoric» water cycle contains the stage of intermediate treatment
of waste water at the neutralization station. Moreover, one of the advantages of closed water cycles
is that you don’t need to purify the waste water to MPC values but only to the values of ionic and
heterogeneous impurity concentrations, thus allowing this water to be reused in the technological
process.

The system of closed water cycles is implemented in almost all industrial enterprises (Figure 1).

However, the analysis of existing water cycles and survey results of neutralization station
activity of some enterprises revealed that the forming of schemes of water cycles and cleaning
regime is organized without special considerations to waste water qualitative and quantitative
composition of different workshops as well as physical-chemical and kinematic patterns of
neutralization process in CaO-H3PO4-H2SiFes-H20 system in the field of dilute solutions under
imbalanced conditions. Qualitative and quantitative composition of waste water discharged to
waste water treatment plant was not often to meet the regulatory requirements and the remaining
content of impurities in clarified water exceeded the specified values. Thus, the survey of one
enterprise revealed that the content of airborne dusts in clarified water after neutralization reached
7,000 mg/1 (standard value being max 200 mg/1), fluorine to150 mg/l, phosphorus from 50 to 600
mg/l (standard value being max 50 mg/l). As a result, it proved to be impossible to allocate a
separate «fluoric» water cycle, to rapidly fill slurry reservoirs and to clean them, resulting in
contamination of pure water cycles that had a negative impact on the operation of all facilities, in
particular, heat-exchange equipment.

feeding from other
water cycles, fresh
water

water treatment . , .
water usage in intermediate

lyi ith th >
co::pug:.:i:;:ts of ¢ technological treatment of
o i - operations —> waste water
technological
processes (processes)

clarified water

transfer to other
water cycles

Figure 1 The principal scheme of closed water cycles organization
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But even in case of allocation of «fluoric» water cycle as a separate cycle recycling is not always
possible. So, if the water balance of «fluoric» water cycle is negative and the volume of generated
waste water is less than or equal to the volume of water injected into the cycle, recycling proves
to be feasible. As shown by the surveys, when some enterprises organize «fluoric» water cycle
they have positive imbalance in which part of clarified water is surcharged and should be
transferred to other water cycles or discharged into water reservoirs. But in this case there occur
serious problems because the content of fluoride ions in water of other water cycles does not
exceed the MPC values and additional fluorination is unacceptable (Lamp et al. 1979).

Thus, fine or integrated waste water treatment to reach the residual concentrations not
exceeding the MPC remains relevant to the water cycle optimization problem.

Reagent method at the neutralization stations is limited in use. This is explained by the fact that
in the process of waste water reagent treatment the fluorine contained in waste water in the form
of hexafluorosilicic acid binds to calcium ions and precipitates in the form of calcium fluoride.
Although the solubility of calcium fluoride is negligible, it corresponds to residual value of fluoride
ion in 16 mg/l water (when MPC=0.75). Under real conditions with other present ionic impurities
the residual value of fluorine comes to 30-50 mg/1.

The most promising methods are combined methods which include main treatment stage, in
which the content of impurities is reduced to several tens of milligrams per liter and tertiary
treatment stage. It is proposed to use traditional lime method in the first stage and sorption,
electrochemical and ion-exchange methods for tertiary treatment. These methods provide almost
complete removal of impurities but their usage for waste water treatment of large industrial
enterprises is limited by some reasons, first of all by economic ones. At present one of the most
advanced methods is a carbon method. The principle of this method is that the excess of lime milk
is injected in water, this water is treated by carbon dioxide and then calcium carbonate is formed
with the ionic impurities being adsorbed on its crystals. Known as a reagent method of fractional
precipitation, this method is used for extracting and concentrating of trace elements from seawaters
(Khozhainov et al. 2000).

In the literature there is information about the possibility of using this method for waste water
treatment from fluorine. Japanese researchers proposed the waste water treatment by lime to the
pH values that are more than or equal to 11.0 followed by heating to 60 °C and polyacrylamide
coagulation (Miyake et al. 1978). Then the suspension was carbonized. Clarified water contained
to 25 mg/dm? of fluorine that is not considered to be a good indicator. According to the result of
research conducted by Russian scientists under the supervision of B.A. Dmitrevskiy it was possible
to find out the operating conditions of carbon tertiary waste water treatment reducing fluorine
impurities to values less than MPC (Saibatalov et al. 1987). For this experiment scientists used
model solutions which contain relatively small amounts of ionic impurities: 60 - 365 mg/l by
fluorine, 800-1,650 mg/l by P2Os. Though, the content of these impurities in real waste water
comes to 10 g/l and more.

In that context, the aim of this work is to study the effectiveness of various types of fine waste
water treatment of phosphorus fertilizer manufacturing from fluorine based on carbon method,
study particular stages of the process and establish optimal technological regime.

Materials and methods

This research is conducted on the samples of model waste water prepared on the basis of
hexafluorosilicic and orthophosphoric acids. Model waste water content corresponds with the
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content of real waste water of one industrial enterprise: 2.87-10.4 mg/I of fluorine-ion, 6.4-10.0
mg/1 of phosphorus expressed as P20s.
There are some different variants of the technological process have been studied:
= the 1* variant — carbonization of clarified waste water after the main treatment stage
without additional injection of lime milk;
= the 2™ variant — carbonization of neutralized suspension after the main treatment stage
without additional injection of lime milk;
= the 3™ variant — carbonization of clarified waste water after the main treatment stage
with additional injection of lime milk in waste water.

Results and discussion

The research results of treatment variants named above are shown in Table 1. According to the
analysis results the traditional reagent method of treatment using lime milk doesn’t provide high
degree of treatment. Moreover, increase of injected calcium hygroxide at high pH values leads to
negative effect — fluorine content increases from 33,72 mg/l when pH=9,75 to 43,33 mg/l when
pH=11,9. This fact correlates with the earlier findings about solubility rise of calcium fluoride with
pH rise over 10-11 (Dormeshkin et al. 2004). At the same time two-stage treatment processing
helps to improve its efficiency, but nevertheless the residual fluorine content is significantly higher
than MPC values.

Comparison of different variants of carbon tertiary treatment leads to the conclusion that
the highest degree of treatment is achieved by the 3™ variant of technological processing.

Table 1 Comparison of various types of waste water treatment from fluorine
(Content in the source water, mg/: F — 3600; P,Os— 9860.)

Method of pH of neutralization pH of Fluorine content, mg/l
treatment  the 1%  the 2™ carbonization after the after the after
stage stage 1% stage 2" stage carbonization
Basic 9.75 no test no test 33.72
(without 11.90 the same the same 43.44
carbonization) ~g 55 11.45 - «- 29.30 11.40
10.47 12.05 -« - 41.50 8.30
the 1 9.00 no test 7.75 30.11
variant 5.50 9.50 8.00 30.00
the 2" 10.05 no test 6.00 32.26
variant 9.50 the same 8.00 3091
the 3™ 8.05 11.95 8.46 2.44
variant 8.81 12.36 8.14 0.75
9.90 12.80 7.76 0.71

The fundamental difference of this variant is the additional injection of lime milk in clarified
water after the main treatment just before the carbonization. As the carbon method of treatment is
based on cation and anion liquid-phase adsorption onto the collector surface — nascent precipitate
of calcium carbonate —the availability of active CaO in liquid is the necessary precondition for this
method. So it is assumed that the low efficiency of carbon treatment by the first two variants results
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from the inadequate availability of active CaO. To confirm this hypothesis it was studied the
relationship between the active CaO content in liquid and pH of neutralization value.

Table 2 Relationship between the CaO,; content in liquid, CO, consumption and pH of neutralization value
(Content in the source water, mg/l: F — 2870, P,Os — 10000.)

pH of CaO;c¢ content, % CO; consumption for carbonization
neutralization to pH 8,0, kg/m? of water

9.50 none 0.010

10.00 0.006 0.050

10.70 0.07 0.130

11.64 0.022 0.173

11.85 0.031 0.240

12.00 0.042 0.330

As it is seen from the Table 2, there is no CaOact. in liquid over the pH range to 9,5. This is the
explanation of no solid phase in the carbonization process of waste water with pH lower than 10
as well as the residual fluorine content fall-off following the additional injection of lime milk after
the main treatment stage. Accordingly to this the necessity of the additional injection of lime milk
before the carbonization is confirmed.

Moreover, it was established from the additional studies, that phosphorus and fluorine content
changes in the source waste water has no appreciable impact on active CaO content in liquid when
pH values of neutralization are equaled.

These findings correlate well with the research results of the effect of pH of neutralization on
the residual fluorine content (when pH of carbonization is constant and equal to 7,0).

Table 3 The effect of pH of neutralization on the residual fluorine content
(pH of carbonization is equal to 7,0)

pH of neutralization 9.70 10.70 11.70 12.50 12.90
Residual fluorine content, 12.67 7.80 3.18 1.00 0.79
mg/l

Apart from pH of neutralization the important technological characteristic which determines
both the efficiency of treatment and chemical-engineering properties of produced precipitates is
pH value of carbonization.

The research results of the effect of pH of carbonization on the degree of treatment (residual
fluorine content) and chemical-engineering properties of produced precipitates are shown in the
Table 4.

Table 4 The effect of pH of carbonization on the residual fluorine content in liquid and suspension properties

pH of carbonization 980 900 850 800 750 7.00 6.50 6.00

The fluorine content in the 2.08 1.52 0.50 0.48 0.43 0.48 0.57 0.75
filtrate, mg/1

Clarification speed, m/h 241 1.97 1.91 1.59 1.39 1.46 1.52 1.56

Filtration coefficient, 7.62 7.60 7.52 7.13 6.11 6.02 6.00 no
cm/s*1073 test
Final volume of sludge 24,10 23.08 20.00 18.80 21.90 26.15 285  the
sediment (% of the volume same

of initial suspension)
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As it is seen from this Table, the minimum residual fluorine content is equal to the pH range
from 6,5 to 8,5. However, the carbonated suspension properties and chemical-engineering
properties of produced precipitate go down when pH is lower than 8,0. That is why the optimum
pH value of carbonization is 8,0-8,5. It is known from the literature that to achieve high degree of
impurity coprecipitation, the building-up and precipitation process of collector (in this case —
calcium carbonate) should be carried out when pH values close to pl value (Saibatalov et al. 1987).
With that the precipitate of calcium carbonate with feebly marked crystallinity is formed on the
surface of which impurity coprecipitation is happen. Value of pl for CaCOs is equal to 8,6 and
close to optimum pH values of carbonization established by experiment.

As mentioned earlier when traditional reagent methods are used the achievable depth of waste
water treatment is determined by the solubility product value of produced poorly soluble
compounds. But previous researches showed that it is possible to achieve higher degree of waste
water treatment from the main ionic impurities under certain conditions of technological process
(Dormeshkin et al. 1987). In particular it was established that the main quantity of fluorine and
phosphorus goes into solid phase when pH values are equal to 5,0-5,5. Moreover, the sludges
determined at these pH values contain P2Os to 25-28 % and it is close to phosphorus content in
conditioned phosphate feedstock. After intermediate separation of solid phase on the second stage
when pH is equal to 5,0-5,5 the residual content of fluoride ions and PO4* in liquid is not large
and it provides the achievement of higher degree of treatment in comparison with traditional one-
stage scheme.

That is why it can be assumed that the organization of fine carbon tertiary treatment based on
two-stage scheme of main treatment mentioned above will provide more effective reduction of
residual content of fluoride-ion.

The obtained results confirmed those suspicions (Table 5).

Table S Research results of fine carbon tertiary treatment based on two-stage scheme of main treatment

Main treatment Fine tertiary treatment
the 1% stage the 2" stage with the preliminary without the
sediment detachment preliminary sediment
detachment
pH  Fluorine pH Fluorine pHof  Fluorine pH of Fluorine
content, mg/I content, carboni content, mg/l  carboni content, mg/l
mg/l -zation zation.
58 1341 10.55 2.08 7.0 0.42 7.0 0.20
55  16.50 9.80 4.15 7.0 0.50 7.0 0.24

The residual fluorine content ranged from 0,2 to 0,5 mg/l that was lower than in other variants
of carbon tertiary treatment. The best results of treatment were achieved by carbonization of
unfiltered suspension after the second stage of neutralization. This fact has positive practical value
because it helps to simplify the technological scheme by elimination of thickening and suspension
filtration stages.

The laboratory findings are completely confirmed by the results of industrial tests on Gomel
chemical plant. In particular, if the initial fluorine content in waste water during the tests was from
3011 to 7920 mg/l, then the residual fluorine content ranged from 0,22 to 0,6 mg/I (in comparison
with 20-25 mg/l under the current scheme).
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Conclusions

So there are some conclusions based on given results:
e  One of the main technological parameters which determine the fine carbon treatment is the
quantity of lime milk injection and pH value.

e The minimum content of fluoride-ions complies with the pH value equaled to 7,0-8,5.
However, the main chemical-engineering properties of produced precipitate go down when pH is
lower than 8,0. That is why the recommended pH value of carbonization is 8,0-8,5.

e Comparison of different variants of technological process leads to the conclusion that the
most integrated waste water treatment from the fluorine is achieved by before carbonization. In
this case the residual fluorine content is 0,2-0,5 mg/I.

e The implementation of recommendations for changes in waste water forming scheme with
consideration of special aspects of their qualitative-quantitative content, regime of their
neutralization, necessity of maintaining the optimal pH values and providing with necessary time
of neutralization allowed to achieve the significant reduction of impurity content to regulated
values without considerable additional costs, and the implementation of combined scheme of stage
waste water treatment with following carbon tertiary treatment helps to provide the reduction of
fluorine content from 0,22 to 0,6 mg/l (in comparison with 20-25 mg/I under the current scheme).
Practical using of developed method of fine fluorinated waste water treatment will make it
possible to stable function the closed «fluoric» water cycle for phosphorus fertilizer manufacturing
and optimize the organization of all water cycles of enterprise.
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Abstract

The article presents the results of studies of treatment of wastewater containing urea-
formaldehyde resins (UFR) from woodworking industry. Methods for purifying wastewater
from pollutants are proposed. The paper presents the effect of pH, temperature and
concentration of the components of UFR on the formation and precipitation of the condensation
products of urea and formaldehyde. It is shown that UV-treatment in the presence of the powder
of a composite material containing TiO2 at a dose of exposure 10.8 J/cm? reduces the
formaldehyde content by 97% at concentration of formaldehyde ranging from 10 to
150 mg/dm?. Schematic diagram of treatment of wastewater containing components UFR are
proposed.

AHHOTAIHUSA

B cratbe nmpenctaBieHbl  pe3yibTaThl  UCCIEAOBAHMM  OYMCTKHM  CTOYHBIX  BOJ
JIepeBo00padaThIBAIOIIMX — MPEANPUSATHH,  COJEpXKAIIMX  KOMIIOHEHTBI  KapOamuJo-
¢opmanpaerunusix cmon (KDC). IlpemnoskeHsl cmocoObl OYHCTKA CTOYHBIX BOJ OT
3arps3HAONMX BemecTB. Onucano BiausHue pH, TemmepaTypsl M KOHIIEHTpPALUH
komrioHeHToB K®PC Ha o0pa3zoBaHMe M OCaKICHHE MPOTYKTOB KOHICHCAMU KapOamuaa u
¢dopmansaeruna. [lokazano, uto Y P-006paboTka B MPUCYTCTBUH MOPOIIKA KOMIIO3UITHOHHOTO
maTepuana, cogepxkamero TiO2, npu no3ze obayuenus 10,8 Jx/cM? CHMXKAET COIEp:KaHUE
dopmanbaeruna Ha 97% B auanaszoHe KoHIeHTpauui Gopmansaeruaa ot 10 o 150 mr/am?3.
[IpemiokeHa MpUHIUNHATIBHAS CXEMa OYMCTKH CTOYHBIX BOJl COACPIKAIIMX KOMIIOHEHTHI
KoC.

Keywords: formaldehyde; urea formaldehyde resins, UV treatment; wastewater

Introduction

Most adhesives on woodworking factories, which are used in the manufacture of plywood,
MDF, furniture boards, are obtained from urea-formaldehyde resins (UFR or UF resins). UF
resins make up about 80% of all produced amino resins (Salamone, 1998). One of the problems
for companies producing and using UF resins is the treatment of wastewater that contains
condensation products of urea and formaldehyde and free formaldehyde.

Wastewater, which is formed during the process of washing of equipment and containers
that are used at the stage of the preparation and dispensing of adhesives from urea-
formaldehyde resin, is characterized by formaldehyde concentration 500-8000 mg/dm?,
chemical oxygen demand (COD) of the liquid phase accompanying 8000- 20000 mgO2/dm?
(Vossoughi, 2001, Kowalik, 2011). In the Republic of Belarus wastewater from the wood
processing enterprises is characterized by concentration of formaldehyde - 1000-5000 mg/dm?,
COD of the liquid phase accompanying 15,0-60,0 gO2/dm?,content of UFR components - 50,0-
80.0 g/dm’. Wastewater is translucent liquid without extraneous suspended solids. The
composition of the wastewater includes the uncured resin fraction in water-soluble form.
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Wastewater has a specific odor of formaldehyde, its color changes from grey to light grey, pH
is usually in the range between 5 and 7.

Despite the formation of small amounts of wastewater, treatment such water causes
difficulties associated with unstable composition of wastewater, deposition of condensation
products of UF resins on the walls of tanks and pipelines and significant change of
formaldehyde concentration during a short time.

Because the oligomers UFR hydrolytically unstable, the main process affecting the
composition of wastewater is the hydrolysis of components of UF resins. As the result, residual
methylol group and ether bonds are converted into the methylene ether bonds with the
formation of free formaldehyde and water.

Feature of wastewater, containing components of UFR, is high content of nitrogen in the
solid and liquid phase, which can be up to 33% of dry mass weight.

While it is not possible to organize the re-use of such waters without pre-treatment, it is
important to search for technological solutions that can provide at least their partial return to
water rotation cycle of the enterprise.

It is known that for the neutralization of wastewater with the same or similar composition
oxidation (vapor phase and liquid phase, electrochemical, biochemical, photochemical
oxidation) (Kowalik, 2011, Oliveira, 2004, Barbusinski, 2005, Kajitvichyanukul, 2006) as well
as physical and chemical (adsorption, flotation, coagulation, etc.) (Salman, 2012) purification
methods are used. However, in practice these methods have limited application, which is
associated with considerable costs, insufficient extent of purification. Most often wastewater
is not subjected to purification and after dilution is discharged into the sewer for further
treatment at centralized wastewater treatment plant.

The aim of the research is to develop technology for the removal of cured components
of UFR in a form that would be suitable for further re-use, and reduction of formaldehyde
concentration to levels at which wastewater can be used or disposed to centralized wastewater
treatment plant without dilution.

Methods of control and materials
Methods of control

Formaldehyde concentration was determined by the sulfite method using automatic titration
unit (Rice, 2012), pH value was determined by potentiometric method (Rice, 2012), the dry
residue was determined gravimetrically, COD was determined according to ISO 6060.
Determination of the elemental composition of the dispersed phase was carried out on CHNS
- analyzer VarioEL cube.

Materials

Wastewater was characterized by content of formaldehyde - 1000 mg/dm?3, components of
UF resins - 60000 mg/dm?3, COD of the liquid phase - 20000 mgO2/dm?® and pH 5.

Treatment was carried out at the experimental setup by source of UV radiation. The
experimental setup is shown in Figure 1. The reactor represented a vertical cylinder made of
stainless steel. Inner part of the cylinder had quartz cover, in which ultraviolet lamp DRT-400
was installed.
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Figure 1 Experimental setup for the UV treatment of wastewater
The course of study and the results
Stabilization of wastewater

Because hydrolysis process influences the composition of wastewater, one of the tasks of
the research was to determine the conditions under which maximal condensation of UFR in the
form of fine particulate material occurred. This was achieved by stabilization of wastewater by
preventing subsequent condensation of UFR and by obtaining the lowest possible
concentration of formaldehyde.

The main methods of condensation of dissolved oligomers are raising the temperature or
lowering pH to a certain values. Polycondensation process is well studied for solutions of UFR,
which are characterized by a high concentration of oligomers. For dilute solutions of UFR, the
selection of special conditions is required. These conditions should provide polycondensation
with maximum removal of oligomeric products from the solution and be suitable for obtaining
of a particulate precipitate.

The condensation process is the formation of cross ethylene and methylene ether bonds
between macromolecules of UFR by reacting of the methylol groups CH20H with each other
and hydrogen of amide group. In this process three-dimensional structures are formed, which
fragment is shown in Fig.2 (Salamone, 1998).

i
“-NH-CO-N-CH;-N-CO-N-CH;-N-CO-NH---
| | |
CH; CH> CH,OH
| |
“-NH-CO-N-CH;-N-CO-N-CH;- NI -CO—-NH -
|
CH- CH; S
o
CH

= NH=CO=N-CH;-N-CO-N-CH;- N=-CO-NH=-
Figure 2 Fragment of three-dimensional structure of cured UF resins

Investigations of curing process of UFR in wastewater at the increasing temperature have
shown that in the liquid phase, containing oligomers and formaldehyde, several parallel
reactions occurs. The reactions of attachment, condensation and hydrolysis are characterized
by different mechanisms, rates and equilibrium constants.
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The results show that when the temperature of wastewater was in range 40-60 + 2 °C and
the reaction time was 2 hours dissolved UFR was condensed to 60-70%, while the initial
concentration of formaldehyde reduced by 30-40%. Reduction formaldehyde concentration can
be explained by the involvement of formaldehyde in reaction of polycondensation, and the
partial emission of formaldehyde into the atmosphere during heating. However, the hydrolysis
of formed sludge was accelerated with an increase of the temperature of wastewater that
presumably could increase the concentration of formaldehyde in the solution.

We established that in carrying out reaction of polycondensation by reducing pH of
wastewater to the value 2.0, the condensation degree of dissolved UFR could be substantially
increased due to the division of the deposition process of condensation products into several
steps, each of which finished by a separation of precipitate.

Experiments were carried out using 1000 cm?® of wastewater, which pH was lowered to a
value of 2.0. We observed intense formation of the disperse phase (stage 1) consisting of a
cured resin. UFR concentration in solution decreased by 70%. After sedimentation of dispersed
particles the solution became clear. After separation of the precipitate the secondary process
of polycondensation was activated in the remaining supernatant (stage 2). After separation of
the formed precipitate, the composition of wastewater was stabilized. Changes in the content
of components of UFR in a solution at a two-stage separation of the precipitate are illustrated
on Figure 3.
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Figure 3 The content of pollutants in the wastewater during stabilization

The 98.8% decrease in the concentration of dissolved UFR was achieved by the use of a
two-stage separation of the precipitate. This provided a deeper decrease of the concentration of
free formaldehyde in solution (90%) as formaldehyde participated in the reaction of
polycondensation of components of UF resins. The concentration of formaldehyde in stabilized
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wastewater (line 2) practically did not change for a long time if to compare with the untreated
wastewater (line 1) figure 4.
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Figure 4 Time depending changes of formaldehyde content

Wastewater sludge is a white hygroscopic mass, which chemical composition is represented
by a cured UF resins with a mass fraction of moisture from 70 to 80%. The precipitate contains
a fairly large amount of nitrogen, which is a part of amino groups. Elemental analysis of the
composition of solid state showed the following results: nitrogen - 35%, carbon - 31%, oxygen
- 28%, hydrogen - 6%. Due to high nitrogen content, the precipitate can be considered as a
potential nitrogen fertilizer.

After separation of the oligomeric products of UF resins wastewater was a transparent liquid
with stable composition, and the formaldehyde content did not exceed 100 mg/dm?. The
supernatant after stabilization of wastewater was neutralized to pH 7 with Ca(OH)z.

UV treatment of wastewater

Obtained stabilized wastewater was used in the experiments on wastewater treatment from
formaldehyde. In the work for the removal of formaldehyde the UV treatment using a catalytic
TiO2 was applied.

It is known that the main factor, effecting the initial rate of destruction of formaldehyde, is
a pH value. The initial stage of the oxidation of aqueous formaldehyde solution proceeds via a
radical mechanism. The depth of degradation increases at high concentrations of radicals (Shin,
1996, Kowalik, 2011). The changes in pH level lead to a significant increase of the initial rate
of the process. In most cases it occurs with the increase of the concentration of hydroxyl
radicals in an alkaline environment.

Two mechanisms of photodegradation of organic compounds involving the use of catalyst
are possible. The first mechanism includes adsorption of organic substances onto the catalyst
with subsequent oxidation of the hydroxyl radical. The second mechanism is a formation of
hydroxyl radicals in the interaction of water with a catalyst and subsequent oxidation of the
organic substrate.

Effect of catalyst on the process of photodegradation of formaldehyde was illustrated in
Figure 5 and 6.
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Figure 5 Dependence of formaldehyde content in solution with UV treatment by time and pH values: 1) pH=4,

2) pH=7, 3) pH=11

As seen from Figures 5 and 6 the degradation rate of formaldehyde in presence of the
catalyst and alkaline pH value increased.

During processing, the initial pH decreased (Table 1), indicating the formation of the

intermediate product of formic acid by a mechanism which is shown below.

Table 1 Change of pH during treatment of wastewater by UV light

pH T, min
0 10 20 30
pH=7 7 6,9 6,9 6,8
pH=11 11 10,9 10,7 10,5

According to (Kowalik, 2011, Hong, 2005), photocatalytic oxidation of formaldehyde
proceeds with participation of OH- radicals, which interact with the adsorbed molecule of
HCHO as described by the following reactions:

HCHO + OH: = HCO: + H20
HCO:- + OH: = HCOOH
HCOOH + 2h"=CO2 + 2H"

(1)
(2)
3)

Formaldehyde
concentration, mg/dm3
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Figure 6 Effect of the catalyst on the degradation of formaldehyde at pH 7.
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Conclusion

We determined conditions for almost complete precipitation of dissolved UF resins from
wastewater and their stabilization. The results showed that stabilization of wastewater was
achieved by two step precipitation of the dissolved components of UF resins. The two step
precipitation approach significantly reduced the concentration of free formaldehyde in
solution.

Treatment of stabilized wastewater by UV radiation in the presence of catalyst TiO2 can
reduce the formaldehyde content to levels at which purified water can be reused or discharged
into sewerage without diluting.
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Abstract

In Norway, as in the other Nordic countries, the surface water is used as a common source for
the production of drinking water. Surface waters are often characterized by a high content of
Natural Organic Matter (NOM), which leads to high color and low hardness due to natural
conditions. Processing of such treatment involves the removal of color, as well as control of
corrosion and disinfection. Results of studies show that ozonation positively influences on the
removal of chromaticity, which is caused by presence of natural organic matter and DOC, and
as on removal of the heterotrophic bacteria and coliforms.

Keywords: surface water, ozonation, humic compounds, color removal, coliforms, heterotrophic
bacteria.

Introduction

In Norway, as well as in other Scandinavian countries, surface water is used as the general
source for production of drinking water. Surface waters are often characterized by the high
content of natural organic matter (NOM), which conducts to high chromaticity (color rate) and
low hardness due to natural conditions. Processing of such waters consists of removal of
chromaticity and control over corrosion and disinfection. At present exist the set of methods
for removal of natural organic matter, namely a biofiltration and a nanofiltration, coagulation,
also combined and advanced oxidizing processes. In Norway at all water treatment and
purification plants usually used coagulation, that rather well removes color and NOM. But
coagulation doesn't influence in any way on the maintenance of microorganisms and bacteria
in surface water. It was offered to use ozonation as an alternative method for removal of
chromaticity and water disinfection. The studies were conducted at the Norwegian university
of life sciences, where the laboratory system of liquid-phase ozonation was developed. The
purpose of scientific work was to prove positive influence of ozonation on removal of
chromaticity and bacteria in surface water. Studies were conducted both on natural surface
water, and on model waters with the different content of humic connections and bacteria. Were
observed positive results at small concentrations of ozone (0,25 — 1 mg/l) after 10 minutes of
contact with test water. Were observed extent of color removal for a natural surface water up
to 21-43%, and up to 10-40% for model waters on the basis of humic compounds. Also the
quantity of the heterotrophic bacteria considerably decreases on 91-94% and coliforms — on
88-90% in natural and model waters.

In Norway, surface water is the main source of drinking water. The microbial quality and
high content of humic substances and color are the main problems in water treatment
(Odegaard, 1996; Melin and Bdegaard, 1999). Natural water from lakes, rivers, reservoirs, etc.
is the source for the preparation of drinking water. Although it has much lower pollution than
wastewater, natural water also contains numerous and different compounds, most of them of
the organic type, defined as natural organic matter, NOM.
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This matter may contain a large variety of substances from vegetable plant degradation and
animal wastes, and pollutants from agricultural, industrial, and urban activities, which are often
grouped into macromolecules that constitute humic substances. Humic substances can also
contain metal linked to them as complexes or as simple molecules such as pesticides, etc.
Because NOM constitutes the major fraction of the matter present in surface waters, the
parameter usually employed to characterize the water is dissolved organic carbon, DOC
(Fernando J. Beltran, 2005).

Since the discovery of ozone in 1840, this oxidant has been much used for water purification,
due to its strong bactericide activity. However, a widespread application of ozone was only
seen in a few countries in Europe, namely France, Germany and Switzerland. During the last
decades however ozonation is introduced in more and more water treatment plants as a
replacement of primary chlorination in order to control the formation of chlorination by-
products (T. Juhna, E. Melin. 2006). Ozone is a very effective disinfectant and also reacts with
humic molecules reducing color (@degaard, 1996; Melin and @degaard, 1999).

Today ozone is considered an alternative oxidant-disinfectant agent with multiple possible
applications in water, air pollution, medicine, etc. In water treatment, in particular, ozone has
the ability to disinfect, oxidize, or to be used in combination with other technologies and
reagents. Much of the information about these general aspects of ozone has been reported in
excellent works, such as Langlais et al. (1991) (Beltran Fernando J., 2005).

Because ozone is a strong oxidant, it can be used not only for disinfection but also for
removal (oxidation) of organic substances. Ozone is used for the treatment of water polluted
with pesticides or other anthropogenic substances. Ozonation can be combined with UV and
H20: treatment in order to increase the oxidation power. Such advanced oxidation processes
(AOP) appear to be potentially effective methods for the removal of emerging substances like
endocrine disruptors, pharmaceuticals, resin softeners, new disinfections by-products, etc.
Ozone can also be added prior to coagulation to improve particle removal efficiency by
inducing so-called microflocculation. This potential beneficial effect of preliminary ozonation
is however dependent upon several factors: including water hardness and DOC concentration.
Thus, preliminary ozonation effective at a low level of dissolved organic carbon, while it may
have an adverse effect of high level of DOC. By using ozonation it is possible to combine
disinfection and removal of organic substances, which are transformed into the biologically
degradable organic compounds (BDOC), which can be removed in the biofilter (T. Juhna, E.
Melin. 2006).

Despite all the positive points, the impact of ozonation further need to study in greater
details, especially the impact of ozonation on the removal of total organic carbon (TOC) and
dissolved organic carbon (DOC). Also there is need to explore the effect of ozonation on the
level of biodegradable organic carbon (BDOC), microbially available phosphorus (MAP) and
bromate formation and bromorganic compounds.

Therefore, the objectives of this research were to prove the positive effect of ozonation on
the removal of natural organic matter, also determine the optimal dose of ozone for the
treatment of natural surface waters. Show ozonation efficiency for color removal at
wavelengths 410 nm and UV 254 nm for removing of coliforms and E.coli and heterotrophic
bacteria, and also total organic carbon. Show the effective impact of pre-ozonation process on
removing natural organic matter in combination with coagulation.

Methods

For studies was developed laboratory setup of liquid-phase ozonation. The scheme of the
laboratory setup is shown in Figure 1.

Air with high oxygen content (70%) from the oxygen unit with internal air drying 1 fed to
ozone generator 2. Ozone-air mixture after the generator by using the regulator of supply 3 is
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fed to the absorber 4. After absorber ozone-air mixture enters reactor 5 with magnetic stirrer
and dissolved ozone monitor. Dissolved Ozone Monitor consists of measuring and controlling
device DOSAControl DCW 120 MF and ozone sensor OZ7H. By using sensor concentration
of ozone is determined in the water, and data enters the measuring and controlling device.

Off gas

Off gas

0,+0,

1

1 - oxygen unit with internal air drying; 2 - ozone generator; 3 - regulator of supply for ozone-air mixture;
4 - absorber; 5 - reactor with magnetic stirrer and dissolved ozone monitor.

Figure 1 Basic scheme of the laboratory ozonation setup.

In these studies used indirect liquid-phase ozonation. At first the ozone-air mixture is passed
through ionized water, and then in the water, saturated with ozone, added the same volume of
test water. This method allows to more accurately determining the concentration of ozone in
water directly. Studies were conducted on several types of waters. The tests were conducted on
the natural surface waters from the lake Arungen and from the drinking water treatment plant
Vannsja (MOVAR). Also been used water model: model water from the powder of humic salts,
model water from the liquid concentrate of humic acids, the model from gray water with a high
concentration of coliforms. For research, it was decided to use the ozone concentrations of 0.5
mg/L; 0.8 mg/L; 1 mg/L; 1.5 mg/L; 1.75 mg/L; 2 mg/L in ionized water. The contact time of
test water with water, saturated with ozone - 10 minutes.

Test waters after ozonation were analyzed for chromaticity at a wavelength of 410 nm with
a spectrophotometer Hach Lange DR-3900 and at wavelength 254 nm with a
spectrophotometer Shimadzu UV Mini-1240.

Also microbiological analyzes were conducted by using standard techniques and methods
(Eugene W. Rice et al., Standard Methods 22nd ed., 2012). To determine the quantity of
colonies of heterotrophic bacteria was used method - Heterotrophic spread plate counting,
which needs universal KPG agar and sample volume of 0.1 ml of water. To determine the
number of colonies of coliforms and E.coli bacteria was used - Membrane filtration method,
which needs TTS-Lactose agar and sample volume of 100 ml of water.
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Results and discussion

Effect of ozonation on waters with various compositions shows quite different results on the
color removal (Figure 2) and on the removal of heterotrophic bacteria and coliforms (Figures
4,5).
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1 - lake Arungen; 2 — drinking water treatment plant Vannsja (MOVAR); 3 - model water from the liquid
concentrate of humic acid; 4 — model water from powder of humic salts.

Figure 2 The dependence of extent removal of color (%) from ozone concentrations (mg/L): a - at wavelength
410 nm; b - at wavelength 254 nm.

For natural surface waters and model water from liquid concentrate of humic acids extent
of removal of color of is higher than for the model water from the powder of humic salts. Water
from Arungen lake at wavelength 410 nm has extent of removal up to 16-45%, and at
wavelength 254 nm — up to 9-31%. Water from drinking water treatment plant Vannsja
(MOVAR) at a wavelength of 410 nm has extent of color removal 8-24% and at wavelength
254 nm — up to 7-21%. Also, model water from liquid concentrate of humic acids has high
removal extent: 21-39% at wavelength 410 nm, 11-26% at wavelength 254 nm. The extent of
removal of chromaticity for model water from the powder of humic salts is much less than for
other test waters. The reason for this may be the chemical nature of the powder of humic salts,
which is not natural and not consist of natural humic acids and salts. The degree of color
removal for model water from the powder of humic salts is 11-20% at a wavelength of 410 nm,
and up to 3.5-10% at a wavelength of 254 nm. Graphic dependence of absorbance from the
concentration of ozone is shown in Figure 3.

Also microbiological tests were conducted for determination number of colonies of
heterotrophic bacteria in natural surface waters and tests to determine the amount of coliforms
and E.coli bacteria in natural surface water from the Arungen lake and in the model water based
on gray water. The results of the removal efficiency of heterotrophic bacteria are presented in
Figure 4. At the highest ozone concentration of 2 mg / L extent of removal of heterotrophic
bacteria in the water of the Arungen lake up to 91-97.3%, and for water treatment plant Vannsj
(MOVAR) - 93.9-97.5%. To achieve 99-100% extent of removal of heterotrophic bacteria can
be used higher ozone concentration up to 3-5 mg/L.

During the research it was noticed that in all Petri dishes over time the number of colonies
of bacteria growing. So, it was decided to conduct counting three times - after 3 days, after 7
days and after 10 days. Increasing of the number of bacteria can be explained by the fact that
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all the different types of bacteria have different levels of survival after exposure of ozone. Some
species of bacteria need time to grow under normal conditions (7-14 days).
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1 — Arungen lake; 2 — drinking water treatment plant Vannsja (MOVAR); 3 - model water from the liquid
concentrate of humic acids; 4 — model water from powder of humic salts.

Figure 3 The dependence of absorbance from the ozone concentrations (mg/L): a - at wavelength 410 nm; b - at
wavelength 254 nm.
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Figure 4 Dynamics of change the number of colonies of heterotrophic bacteria from ozone concentration (mg/L)
for 3, 7 and 10 days: a - drinking water treatment plant Vannsjid (MOVAR); b - lake Arungen.

Figure 5 shows how the numbers of coliforms in the natural and model waters are dependent
on the concentration of ozone. For the model water based on gray water the extent of removal
is 89.2% and for the surface water from lake Arungen — up to 90.7% for ozone concentration
of 2 mg/L.

The method that was used to determine coliforms — membrane filtration — not quite
suitable for the analysis of water, which contains a large amount E.coli bacteria or coliforms.
Therefore, this method may be inaccurate, since because of large amount of coliforms it is hard
to count the number of colonies. This method is suitable for water, which contain small
amounts of coliforms.
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Figure 5 Dynamics of change the number of colonies of coliforms from ozone concentration (mg/L): a — model
water based on gray water; b — lake Arungen.

During the experiments, it was also observed that during ozonation — test water contacts
with ionized water, which saturated with ozone - ozone concentration after 3-4 minutes of
contact quickly drops to 0.02-0.03 mg/L of ozone (Figure 6). Drop in the concentration for all
types of waters can be explained by the fact that ozone is consumed very quickly by reaction
with natural organic matter, humic acids, bacteria etc.
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1 - ionized water; 2 - lake Arungen; 3 — drinking water treatment plant Vannsja (MOVAR); 4 — model water from
liquid concentrate of humic acids; 5 — model water from powder of humic salts; 6 - model water based on gray
water.

Figure 6 Dynamics of change of ozone concentration over time (for the initial ozone concentration of 2 mg/L).

Ozone concentrations, which were used in the studies are quite low due to the dilution.
Therefore, further research is necessary to use higher doses of ozone to confirm the results of
this study.
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Conclusions

These studies confirm that ozonation has a positive effect on removal of color (natural
organic matter) and humic compounds and also removal of different types of bacteria, such as
heterotrophic bacteria and coliforms. Removal rate of color, generally, for different types of
water for a wavelength of 410 nm reaches 8-45%, for a wavelength of 254 nm — 3.5-31%.
Extent of removal of the heterotrophic bacteria for a natural surface water is 9-24% at
concentration of ozone 0.5 mg/L, and up to 91-97,5% at concentration of ozone 2 mg/L.
Removal rate of coliforms in natural and model water at concentration of ozone 0.5 mg/L
reaches 24.9-27.7%, and at concentration of 2 mg/L. — 89-91%. Ozone not only decomposes
difficult organic substances, but also works as the strong oxidizing and disinfecting agent.

In further researches it is possible to get higher extents of removal of chromaticity and
bacteria by using higher concentration of ozone.
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Abstract

Here is a results of research of the catalytic properties of activated adsorption of natural
sorbents - bentonite clays in relation to the most common pesticides: DDT - 8, DDD - 10,
DDE -8,1,y-HCH - 10, o - HCH - 10, $ - HCH - 10, TMTD - 10, karbofos — 10.

AHHOTAIUSA

[IpuBeneHbl  pe3ynbTaThl UCCICAOBAHMS MPOIECca aJACOPOIMU U KAaTATUTUIECKUX CBOHCTB
AKTUBHPOBAHHBIX TIPUPOJHBIX COPOCHTOB - OCHTOHUTOBBIX TJIMH Pa3IHYHON MOIUPHUKAIIMN
Juist HawOoutee pacnpoctpaneHnbix nmectuinos: JAT, A1, AAE, o,-B,-y-TXIUT, TMT, a
Takke kapoodoca.

Keywords: drinking water, natural sorbents, bentonite clays, ozonation , catalytic
Introduction

The sharp deterioration of the main sources of water supply, which was formed as a result
of poor economic activity, water pollution and groundwater aquifers by nitrates, pesticides,
phosphates, phenols, heavy metals, petroleum products, pesticides, radionuclides and
pathogens, led to breach the natural processes of self-purification of water bodies and
sharpened the problem to get the clean drinking water to the existing water supply stations.
For the city of Cherkasy the main supplier of drinking water is water treatment plant of water
preparation, which is located at 500 m below the village of Sokurne on the bank of the
Dnieper.

The chemical composition of water in the reservoir is determined mainly by the entry of
toxic connections from the upper and middle flows of the Dnieper. Mostly water has no odor
(1-2 points); transparency varies from 25 -30 cm; chromaticity changes from 30 to
60 degrees. By its composition water belongs to the hydro-carbonate-calcium type. Dissolved
oxygen content ranges from 7.29 to 11.9 mg/L, BODs - within acceptable limits, but
sometimes reaches 7.52 mg/L. Active reaction of the environment (pH) mainly is neutral
(7.0 -7.9) and weakly alkaline (8.0 - 8.7).

The statistical analysis of water pollution of the river of Dnieper showed that the average
indicators by the contents of ammonium ions, nitrates, nitrites and heavy metal ions (iron,
manganese, copper, zinc, molybdenum, arsenic, lead, chromium and nickel) in the last decade
increased by 2-20 times; in the natural water was found the organic impurities, humic acid
and fulvic acids (respectively 254-420 and 18000-26000 mg/L). Besides the organic
compounds of natural origin there was recorded the aliphatic hydrocarbons CsHi4 — CioH22,
aromatic hydrocarbons (benzene, toluene, ethyl alcohol), acetaldehyde, diethyl ether,
tetrahydrofuran and others in the water that has the anthropogenic origin. The content of each
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measured in tens or hundreds of mkg/l which considerably exceeds the maximum permissible
concentration (MPC) based on the international standards for drinking water.

Methods

During chlorination of such solution the number of low molecular organic compounds
is increased by 2-3 times; synthesized the isomers of saturated hydrocarbons, simple alcohols,
esters, vinyl acetate, propilatsetat; tetrahydrofuran, ethylbenzene, ortoparaksynoly,
metoparaksynoly and paraxylene, diethyl ether and chlorine derivatives. The required dose
of ozone increases from 2 to 6,4-8,5 g/m* which completely eliminates the possibility of
using of ozone in the stage of water treatment from an economic standpoint.

To reduce the content of organic connections in the water before chlorination stage is
proposed to use the natural sorbents. As a raw material for the production of natural sorbents
should be used the bentonite clay of Cherkassy field, which developed by Dashukivski
industrial complex, with a total of all layers of more than 50 million tons.

Research that were conducted at the laboratory of environmental problems of Cherkassy
State Technological University allow stating that adsorption ability of bentonite clay of
different levels (relative to organic compounds) can be higher when they pass different stages
of activation. Reference designation numbers of activated clay connected with its geological
origin, that points to the placement its layer in the geological composition of bentonite
thickness. The main methods of activation of clay were used:

1. An alkaline activation method (the modified clay of the corresponding layer which
obtained by the processing of salt additives at medium temperatures) 2111-400 means the
alkaline processing of clay of second level at the temperature 400°C.

2. Acid activation method (clay of the corresponding layer received by processing of
acidic solutions at certain temperatures). 2K-100 means the acid activated of clay of second
level at the temperature 100°C.

3. The method of medium-temperature processing - 4T-400 - means the granulation
processing of natural clay of the fourth level at the temperature 400°C without modified
additives.

These types of activated clays were compared by their adsorption properties with natural
clay, which was granulation (for example 2B, 3B and 4B) at the temperature 100-150 °C.

1. Results and Discussion

Were conducted the laboratory studies for water purification from different connections.
Was established that modification of 2K-100 (the clay of the second level processed with acid
solutions at certain temperatures) and 411[-400 (the clay of the fourth level processed with salt
additives at medium temperatures) has adsorption capacitance which is higher in 3-10 times
for a number of toxic connections. The goal of this work is to determine the adsorption
capacitance for such connections as pesticides, namely: DDT and its metabolites, DDD and
DDYE, a-, B-, y- HCH, TMTD and karbofos. These compounds are often used in the
household of Ukraine. They are toxic and harmful for the health of humans and animals. The
massive using of DDT in the past has prompted contamination of underground water, air,
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surface water bodies (the period of decay of DDT in the air is about 40 years). Besides, these
pesticides have properties to accumulate in the fatty tissues of the human body, which leads
to negative consequences.

To obtain the necessary data in the stages of adsorption of pesticides conducted the
research to reduce the content of organic compounds.

Adsorption researches were conducted on the column which was filled with granulated
clay with size of granule is 1- 2.5 mm, and - 5 mm. To provide the sturdiness the granules
baked in a muffle furnace. Clay after preparation(one by one every faction) covered the
column by layers: 10 g of clay with mass of 10-25 g and size 1-2.5 mm. The total mass of
sorbent in the adsorption column was 35 g and the height of a layer of sorbent was 100 mm.
After that through the layer of sorbent passed water (100 ml) by fractional method which was
known the number of pesticides. The rate of expiration of water was 10 drops per second. o
prevent water washed the smallest particles of clay from the column the bottom of the
column put a metal grid and a layer of glass wool over it. The content of pesticides was
determined in each 100 ml of purified water.

As the solvent during analyzes on pesticides were selected n-hexane. For analysis used
the solvent of brands of C.C. To preparation of the aqueous solutions was used the
bidistillate. Under the task to prepare the water meant to add on it a certain amount of each
pesticide in the amount which would not exceeding 10 MAC. For this were took the standard
which is an ampoule where as a powder or organic solution is given pesticide. Prepared the
standard solution where was n-hexane as the solvent. The concentration of the standard
solution was 0.1 mg/ml. Therefore, the water solutions were prepared close to 10 MAC: 1ml
of primary standard solution was added to 100 ml of water. The concentration of pesticides
in samples water solutions was (in MAC): DDT - 8, DDD - 10, DDE -8,1, y - HCH - 10, a -
HCH - 10, B - HCH - 10, karbofos — 10, TMTD - 10.

Before we pass the water through the column with a sorbent we determined the
concentration of pesticides in water. After two hours of shaking the solution the number of
pesticides which has moved into the water was determined by an additional analysis. This
analysis consists of evaporation of dryness, add 2 - 3 ml of n-hexane and then determine the
amount of pesticides by gas-liquid chromatography. The results of this analysis are included
in the table 1.

Table 1 Number of pesticides in the water after saturation

Name of the pesticide Number of pesticides in the working solution,% of
introduced

DDT 80

DDD 97

DDE 100

o - HCH 100

B - HCH 100

vy - HCH 100
TMTD 50
Karbofos 100
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After determining the initial concentration of pesticides in the water solution, it’s sent to
the stage of adsorption cleaning by natural sorbent.

The best results from the equilibrium adsorption capacities for all pesticides gave the clay
of brand 4T-100 with the symbol 2.

From results of the analysis we can conclude that, the bentonite clay has the property to
effectively absorbing from the water some dissolved organic compounds, in particular,
pesticides.

Determination of the dynamic volumetric capacity of the activated clays in relation to
pesticides was performed by the adsorption column with fixed bed of sorbent by the
previously presented method. The rate of water filtration determined successively: first, by
stream and then by 10 drops/sec.

According to the results of experiments determined that the dynamic volumetric
capacity also is higher in clay with the symbol 2. For clay Nel it is 0, 1398 mg/g of clay; for
clay Ne2 - 0, 2019 mg/g of clay. Handling the results of the analysis carried out by the
method of least squares. Results of the analysis were obtained with the gas-liquid
chromatograph brand "Colour-500" which with the help of computer and device gave results
in the form of computer chromatogram. Each peak in the chromatogram goes in its
characteristic time. The time of peak a- i B- HCH (these two pesticide come as a single peak)
is about 130 sec, y - HCH -168 sec, DDE - 630 sec, DDD - 1042 sec, DDT - from 1998 to
2000 sec.

The calculation of peak areas was performed using the programs which are embedded in
the computer and using formulas.

The bentonite clays showed high adsorption performance by ions of heavy metals and
organic compounds, in particular, pesticides (table 2).

Table 2 Changing some parameters of quality the water of Dnieper which passed through adsorber

Ne Average Number of Dnieper water which
n/n Indicators rates of passed through the sorbent, m?
water of 1 2,5 34 4,8
Dnipro River
1 Chromaticity, ° 40 5 22 30 35
2 Turbidity, mg/L 0,69 0,46 0,54 0,68 0,74
3 Alkalinity, mg-eq /L 2.8 1,9 2,0 2,1 2,5
4 Hardness, mg-eq/L 3,0 2,7 2.8 2.9 3,0
5 Oxidation mg Oz /L 12,8 2,2 2.8 4.8 7,09
6 Fe’*, mkg/L 565 260 320 370 560
7 Cu?*, mkg/L 10,4 2,3 2,9 5,6 10,4
8 Ca’’, mg-eq/L 2,3 2,4 2.4 1,9 2,4
9 Mg?*, mg-eq/L 0,75 0,75 0,65 0,6 0,75
10 | NH4", mg/L 0,56 0,54 0,56 0,55 0,56
11 | NOs, mg/L 3,20 1,95 2,65 2,92 3,20
12 | NO2, mg/L 0,0170 0,00052 | 0,0010 | 0,0032 | 0,0071
13 | Total of pesticides, 124 28 36 49 64
mkg/L
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On the basis of experiments it was found the reduction of such parameters:
chromaticity 25-10%, oxidation 82,8-17%; content of heavy metals: iron 43,4-23,5%, copper
78,0-2,2%, zinc 52,0-1,6%; nitrates 38,5-22,7, nitrites 58,8-10%, pesticides 96,4-5,0; chlorine
derivatives 100-10,1%. Comparing the initial and final values it is traced the decrease of
sorption degree after passing through the sorbent, respectively 1.06 and 5, 30 m® of Dnieper
water (figure 1). Natural sorbents have no influence on other indicators.

The results shows that the activated bentonite clay absorbs the macromolecular organic
compounds ( such as humic and fulvic acids which reduces the adsorption capacity of the
sorbent) with high speed.
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Figure 1 Dependence of changing the indicators of water of Dnieper before and after filtration from the number
of transmitted water Q (m?): a) — chromaticity; b)— oxidation; ¢) — heavy metals; d)— pesticides.

2. Results and Discussion

Research of catalytic activity of samples of activated bentonite clays of various
modifications during ozonolysis of organic compounds in water conducted by comparing the
characteristics of the catalytic decomposition on different catalysts. For oxidation of organic
contaminants in the summer water of river Dnieper and Ros used such catalytic mass:
activated coal and the samples of clays Nel, 2, 3 and 4. The primary parameter is the change
of degree of water by COD. COD analysis of water held by known methods. As the
comparative inactive weight which enabled us to consider the diffusion conditions in the
system O3-O2-H20 (COD) been used the glass crumb with size of 2,2 + 0,Imm in diameter
that about to size of the catalytic mass of activated coal and the bentonite clays samples.

To determine the dose of ozone (Dos) which is used to processing the samples of water
constructed the graphical dependencies of ozone concentration inlet and outlet of the ozone

generator (Cos=f(t) from the time of water treatment (min) on data obtained in experiments
(figures. 2-5).

These doses of ozon orrespond to changing the concentration of COD in the liquid
phase.

After scaling of area values were determined the real unit costs of oxidant. The data of
Do:s for different initial values of COD is shown in the table 3.
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Table 3 The doses of ozone for wastewater treatment with various catalysts

Catalysts
Glass Coal Clay | Clay Clay Clay
Nel Ne2 Ne3 Neq
The time of processing 40 12 15 15 40 30
the water 1, min.
% of treatment 50 100 91 84 71 100
Dy, ,g/L 390 100 340 100 150 282

Experimental data which are presented in the figures 2-5 suggest that the bentonite clay
has the ability to absorb some dissolved organic contaminants rom the waste water and and
accelerate the processes of oxidative degradation of organic compounds. Using the bentonite
clays as a catalyst during the water ozonation makes it possible to reduce the time of
processing and reduce the dose of ozone which should be spend for the full water treatment.
Comparing the results of the research, it was determined that the clay Ne2 the best absorbs
some organic impurities from the water. The time of water treatment decreased by 4 times
and the cost of ozone - about 5 times.

Established that with increasing the concentration of organic compounds in the water it is
necessary to increase the processing time of water. Accordingly the dose of ozon (Dos)
increases approximately in 2,2 times. In this case, the sample of clay Ne2 also shows an
increased activity. The specific dose of oxidant reaches the values which are close to Dos for
activated carbon. The sample of clay Ned makes it possible to reduce the COD almost to
Zero.

Thus, the clays Ne2 and Ned4 have greater catalytic property in the wastewater treatment
from organic compounds. The catalytic mass should be composed of two layers of catalysts,
the activated bentonite clay of No2 and Ne4 modifications to achieve the required norms of
content of organic compounds.

Low cost of activated bentonite clay and their regeneration allows you to use the
proposed catalytic mass to the purification of surface water.
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1- C°,; 2 - glass; 3 - coal; 4 clay Nel; 5 - clay Ne2.
Figure 2 Dependence the changing of ozone concentration from time before reactor (1) and after reactor (2-4)
for various catalytic mass.
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Figure 3 Dependence the changing of COD in the liquid phase at different catalytic masses.
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Figure 4 Dependence the changing of ozone concentration from time before reactor (1) and after reactor (2-4)
for different catalytic masses.
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Figure 5 Dependence the changing of COD in the liquid phase at different catalytic masses

Conclusions

The activated bentonite clays are the active modified natural sorbents and they can be
used both during the adsorption purification of the organic toxic contaminants and at the
stage of oxidative chemical degradation of various compounds.
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AHHOTAIHS

B ycnoBusix MHTEHCUBHON XMMM3aLMM CEIBCKOT0 X03HCTBA POCT YPO’KAEB COMPOBOXKIACTCS
YBEJIMUYEHUEM BBIHOCA BCEX JIEMEHTOB IUTAHMSA, B TOM YHCJIE MUKPORIEMEHTOB B IIOYBY U
BOJIHYIO cpeny. Mcmonb3ys paziauyHble XeNaTUPYIOIIUME areHThl B YAOOPEHHAX MOXKHO HE
TONBKO  PEHIMTh  MpOOJEMYy  BOCHPOM3BOACTBA  IUIOJOPOAMS  TIOYB,  ITONyYEHUS
BBICOKOKAUECTBEHHOW MPOAYKIUH, COATaHCHPOBAHHON 10 XUMHYECKOMY COCTaBy H
MUTATENbHOW IICHHOCTH, MOBBIIICHUS PEHTA0ENbHOCTH PACTEHHEBOJCTBA, HO W YYecTb
mpoOJIeMbl OKpY:Karoliel cpeabl (YMEHBIIUTh HArpy3Ky yAOOpeHUil Ha BOJHBIE PECYPCHI U
nouBy). Pa3paboTanel cOCTaBbl KHUJAKHX BBICOKOKOHIICHTPUPOBAHHBIX KOMIUIEKCHBIX
y100OpeHni Ha OCHOBE HE TOKCHYHBIX U XOPOLIO OMOpa3iaraéMbIX XelIaTHBIX areHTOB.

Abstract

In conditions of intensive use of chemicals in agriculture, the growth of harvests is
accompanied with the increase of all nutrients, including microelements, removal into soil and
aquatic environment. The usage of various chelating agents in fertilizers can solve such
problems as soil fertility recovery; obtain of high-quality products with well-balanced chemical
composition and nutritional value; improve the profitability of crop production; and also
consider environmental issues (reduce the influence of fertilizers onto water resources and
soil). The compositions of concentrated liquid complex fertilizers on a base of non-toxic and
well-biodegradable chelating agents are developed.

KuaroueBble ci10Ba: xeaaTHBIE y,Z[O6peHI/I$I, KOMIIJICKCOHBI, MAKPO- U MUKPOCJIIEMCHTHI,
6I/IOI[CCpr1(LII/I$I, TOKCHUYHOCTbD.

BBenenne

KOMITIEKCOHBI U KOMITJIGKCOHATHI METAJUIOB HAXOJSAT MIUPOKOE MPUMEHEHUE BO MHOTHX
o0JnacTsax COBpPEeMEHHOHN aesrtenbHOcTH uvesnoBeka ([stioBa, Temkxuna u Ilomos, 1989;
Boponexesa, Pymsix, Jlatnosa, u ['puropees, 1989; Xaptmu, beprec, u Onkok, 1983; bex,
1973; Bacunbes, 1984; bopucosa, benses, Habwiip, Ecees, 1978). D10 00ycoBICHO psaoM
JIOCTOMHCTB: KOMIUIEKCOHBI M KOMILUIEKCOHATHI METAJJIOB MPOSBIISAIOT B ITUPOKOM HHTEPBAJC
pH amdorepHble CBOWCTBa, CHNOCOOHOCTH Y4YacTBOBATH B PpEAKIUAX OKHCICHHS-
BOCCTAHOBJICHHS, KOMIUIEKCOOOpa30BaHUs, OOpa3yloT COCIWHEHHS C PasHOOOpa3HbIMU
CBOMCTBAaMH B 3aBUCHMOCTH OT CTEMEHU OKHCIICHUS METallla, €ro KOOpJIMHAIIMOHHOW
HACBIIIIEHHOCTH, O0JaIar0T 3JeKTPOMUIBHBIMU M HYKICO(pHIBLHBIMU CBOMCTBamMH. Bee 3TO
oTpesieNisieT CIHOCOOHOCTh CBSI3BIBATH OIPOMHOE YHUCIO YAaCTHUI], YTO TO3BOJSET MallbIM
KOJIMYECTBOM peareHTa pemarb OOJIbIINe U pa3HOOOpa3HbIE 3a/1a4H.

65



I[pyroe JOCTOMHCTBO KOMINICKCOHOB MW KOMINICKCOHATOB MCETAIJIOB — 3TO0 HX Mallas
TOKCHYHOCTB M CITOCOOHOCTh npespanaTb TOKCUIHbIC YaCTHIBI B MaJIOTOKCHUYHBIC UJIN JAXKE
B OMOJIOTMYECKH aKTUBHBIE IIYTEM CBA3BIBAHUA MX B IPOYHBIC KOMIIJICKCBI B BOAC UJIM ITOYBE.

B TpeTbux, MpOAyKTHl pa3pyllIeHNs] KOMIUIEKCOHATOB HE HAKAIlJIMBAIOTCS B OpPraHU3MeE U
0e3BpE/IHBI.

B 4eTBepTHIX - 3T0 BO3MOKHOCTh UX HCIOJIB30BAHNS KaK NCTOYHHKA MUKPOSJIEMEHTOB IS
pacTeHull B CEIbCKOXO035HCTBEHHON MPOMBIIIIIEHHOCTH JIs YJYUIIIEHUS BCXOKECTU M POCTA.
[loBbllIeHHast ~ yCBOSIEMOCTh ~ KOMIUIEKCOHATOB — METAUIOB  OOYyCJOBJIEHA TEM, 4TO
MHUKPO3JIEMEHT BBOJAUTCS B OMOJIOTHUECKH aKTUBHOM (popme 1 001a/1aeT BHICOKOM MEMOpaHo-
NPOHULAEMOCTbI0. PacTeHust pamHoro syunie u 3QQeKTUBHEe yCBaWBaIOT KOMIUIEKCOHATHI
METAJIJIOB, 110 CPAaBHEHHUIO C COJISIMM MUKPO3JEMEHTOB, KOTOPbIE B IIOYBE MOI'YT BCTYNATh B
MepEKPECTHBIC PEaKIK U 00Pa30BBIBATh COCTUHEHNUS, KOTOPBIC HE YCBAUBAIOTCS PACTCHHEM.

Haunbonee wW3BECTHBIM H  UCHOJB3yEeMbIM KOMIUIEKCOHATOM METANIOB  SIBISIETCS
TUICHANaMUHTETpaykcycHas kuciaora (D/TA), koTopas mpo4yHO M 0OpaTUMO CBSI3bIBACT
JIByXBaJICHTHBIE KATHOHBI. HO Kak MOKa3bIBAOT UCCIICIOBAHUS OH SIBISICTCS CAMBIM JICTIIEBBIM
U MaTod(PPEKTUBHBIM CpPEAM BCErO XeJNaTHOro psijga areHToB. CleayeT OTMETHTh, YTO
XENATHPYIONIME AareHThl PAa3INYal0TCs TO CHJIe CBS3BIBAHHWS HOHA MeETaia, T.e. II0
crabmnpHOCTH. COOTBETCTBEHHO O0Jiee CTaOMIBHBIME B IMIMPOKOM JuarnazoHe pH sBisroTcs
¢dochopconepxantie komriekcons (Jlagoruna, 2006).

dochopcopepxkaime  KOMIUIEKCOHBI  (THIPOKCHATHIIMACHIN(OCHOHOBAS  KHUCIIOTA
(OB 1D), HUTpUNTpU(MeTHIICHDOCHOHOBAS) KHCJIOTa (HT®),
strneHauamMuaTeTpadochonoBas kucinora (3TD)) ymeHbIIaOT 3apoablie00pa3oBaHue B
MePECHIIEHHBIX PACTBOPaX M CIIOCOOHBI 3()(HEKTHBHO TOPMO3UTH MPOIIECC POCTA KPUCTAIIIOB.
YcTaHOBIIEHO, YTO  BBICOKash HMHTHOMpYIOHIas  CIOCOOHOCTH  (pocdopcoaepkammx
KOMIIJICKCOHOB CBsI3aHA C OJIOKUPOBAaHHMEM TOJIBKO aKTHBHBIX IIEHTPOB KPHCTALIOB. JTO
OpUBOAUT K  MaJbIM  pacxoJaM  KOMIUIEKCOHA, IIO3BOJISIET  CO37aBaTh  Oosee
KOHIICHTPUPOBAHHBIE PACTBOPHI, a TAKXKE YBEITHYUTH CPOKH XPAaHEHHS XEJIATHBIX KOMITO3UITUH.
Takast cmocoOHOCTE (ochopcogepKaux KOMIUIGKCOHOB TPUMEHSETCS B Pa3TUIHBIX
OTpacysX: XUMHUYECKOW MPOMBIIUICHHOCTH, AHAIUTHYECKOW XUMHH, MEIHUIIMHE, CEIbCKOM
XO03s1HCTBE.

[IpuMeHeHne KOMIUIEKCOHOB, IIO3BOJSET MPOBOIUTH IEPHOANYECKYI0 XHMHUYECKYIO
OUHCTKY 000py/J0BaHHs, a jo00aBka (docopcogaepKalux KOMIJICKCOHOB HWHTHOUPYET
coyieotnokeHne. DHPeKTUBHONW OKazanach Takas 00pabdOTKa BOJBI B TEIIOOOMEHHHKAX
HAJIBOJHBIX W TIOJBOJHBIX CYJOB C AaTOMHBIMH pPEaKTOPaMH, TEIUIOBBIX M aTOMHBIX
SJEKTPOCTAaHIIMKA M B JApyrux obnactsax (BacunbeB, 1996). Illupokoe m MHOTOCTOpOHHEE
IPUMEHEHNE KOMIUIEKCOHBI UIMEIOT B aHaIuTU4YecKol xuMuu. Hanbombiee 3HaueHne nmeer
WX WCIOJBb30BAaHUE B TUTPUMETPUYECKOM (0OBEMHOM) aHaiu3e, Mosporpaduueckom,
(hoTOMeTpHUECKOM, XpOMATOTPAPUUECKOM U APYTUX (PUZUKO-XUMHUECKUX METOJ[aX aHaIH3a,
B TPaBUMETPUYECKOM aHAIN3E.

CriocoOHOCTh CBA3BIBaTh TOKCHYECKHE METaUIbl B OpraHU3ME B MallopacTBOPHUMBIE
COEJMHEHHsS] OYEHb LIMPOKO IO3BOJIAET MCIIOJIb30BATh KOMILJIEKCOHAThl B MEAWLUHE IpU
OTPaBJICHUSAX TSDKEIBIMU METAJNIaMU M PAIMOAKTUBHBIMU d1ieMeHTamu (J{a1ioBa u ap., 1986).

B cenbckoM X03sHCTBE KOMIUIEKCOHBI MCIOJB3YIOT B O0phOe € XJIOpPO30M M aHEeMHEH
BBCJICHUEM JKelie3a W JIPYTMX METaUIOB B TOYBY WJIM B THILY >XHBOTHBIX B BHJIC
KOMILJICKCOHATOB; KOMIUIEKCOHATHI MUKPO- U MAaKpPOAJIEMEHTOB MPUMEHSIOT ISl YTy 4IICHUS
MUHEPAJILHOTO MUTAHUS, XUMHUUECKOTO COCTaBa PACTEHHM, a CIICJOBATEIbHO, TOBBIIICHUS
HPOyKTUBHOCTH.
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B Hacrosiiee BpeMsi oTMeUaeTCs BCE BO3PACcTAOILY 0 Harpy3Ky Ha IPUPOIHBIE 3KOCUCTEMBI
CO CTOPOHBI CEJIbCKOX03AHCTBEHHOI0 IPOU3BOACTBa. BO MHOIOM 3TO CBSI3aHO C MacCOBBIM U
OECKOHTPOJIBHBIM NMPUMEHEHHEM arpOXUMHUYECKHUX TPETapaToB, B YACTHOCTH MHHEPAIBHBIX
ynoOpenuii. bBymyun »>(QQeKTHBHBIMH ¢ TOYKH 3pEHHUS TOBBIMICHHS YPOXKAWHOCTH,
MUHEpaJbHbIe  YAOOpEHUSI  BBIMBIBAIOTCSI C  CEIIbCKOXO3SMCTBEHHBIX  IOJIEH U
JKUBOTHOBO/IUECKMX KOMIUIEKCOB B Ha3eMHbBIE M MOJ3EMHBIE BObl, CTAHOBSICH MPUYUHON
OMACHOTO HAKOIUICHHsI COCTABIISIONIMX WX KOMIIOHEHTOB B NPEJCTABUTEISX OHOLIEHO30B,
BIUIOTH /10 4ejoBeka. OcoOeHHO 3TO KacaeTcs a30T- U (ocdopcoaepkaiux yIo0peHHid,
KOTOpbIE CO/EpKaT OO0JIBIIOE KOJMYECTBO OMOTEHHBIX 3JEMEHTOB, IONAJaHUE KOTOPBHIX B
NOYBY TNPHUBOJUT K AHTPOIOTEHHOM »HBTpodukanuu B Bojgoemax. HecmoTps Ha 3TO
MHUHEpaJbHbIE YJOOpEHHsI TMPOAOJDKAIOT MCIOJIb30BATh IS TIOBBIIICHHS YypoXkaeB 0e3
YBEJIMYEHUS [IJIOLIA/Id 3€MEIb U 3TO OJUH U3 OCHOBHBIX [IPUEMOB HHTEHCUBHOIO 3€MJIEIETIHS.

OpHako, HE TOJIBKO MUHEpaJIbHbIE y100pEHNUs, HO U TPaJULMOHHbIE KOMILJIEKCOHBI MOTYT
HaHOCUTH Bpel BOJHOU cpepe. MccienoBanusMu ydeHbIX JnokazaHo, yTo DJTA u apyrue
TPaJUIIMOHHBIE KOMIUIEKCOHBI, CO BPEMEHEM HAKAIIMBAIOTCS B MUPOBOM OKEaHE U BBI3BIBAIOT
pacTBOpeHHe OTJIOKEHUH TOKCHYHBIX METaNIOB C IEPeXOJA0M HX B pacTBOp B BHIE
CTaOMJIBHBIX U YaCTO JIMIMHUIOPACTBOPUMBIX KOMIUIEKCOHATOB, YTO MPHUBOAUT K OTPABJICHUIO
IUTAaHKTOHA, PBIO, TITUI] M BBICIINX JKUBOTHBIX, @ TAK)KE BBI3BIBAET TUIIOKCHIO B MPHPOIHBIX
Boaax (Mapteinenko u Ky3pmuna, 1986).

[IpumeHeHre B CENBCKOM XO3SICTBE yAOOpEHWH BKJIIOYAIOIIMX B CBOW COCTaB
KOMITJIEKCOHBI M KOMIIJICKCOHAThl METAJUIOB, MEHEE TOKCHYHBIX M Oosee Omopasnoraembix,
MO’KET YMEHBLINTh HAarpy3Ky Kak Ha BOAHYIO Cpely IUIAHEThl TaK M Ha MOYBEHHBIN IOKPOB.
Mukpo- n MakpoyaoOpeHust Ha ocHoBe KomruiekcoHoB (ODA®, HT®, saTapHON KHUCIOTHI)
CTIIOCOOHBI MOBBIIATH YPOKAHHOCTD CETbCKOXO3IMCTBEHHBIX KYJIbTYp M YIy4IIaTh KaueCTBO
MPOAYKIIMHA HA OCHOBHBIX THIIAX [TOYB CTPaHbl 00Jiee HHTEHCUBHO, YEM TPATUIIMOHHBIE ()OPMBI
MUKPOYAOOpeHui. DTH coeAMHEHHUs (KOMILJIEKCOHATHI), 0 MHEHUIO aBTopa (MapThIHEHKO U
Crumpig, 1983), obmamas BRICOKOH KOMILIEKCOOOpa3yIome CrIoCOOHOCThIO, B MPHPOTHBIX
cpenax OBICTPO JAE3aKTUBUPYIOTCS M HE CMEIIAIOT YCTAaHOBMBILETOCS PaBHOBECHS.
Hcnonb30Banne KOMIUIEKCOHOB B Makpo- U MUKPOYAOOpPEHUSX, TAKKE€ KaK M BHECEHHE B
MOYBY, CIOCOOCTBYET NEPEBOYy MAJIOJOCTYIIHBIX PACTEHUSIM MUKPO3JIEMEHTOB B Ha3BaHHbIX
o0bekTax B 0ojiee MOABMKHBIE U OMOIOTHYECKH aKTUBHBIE (popMbl. OnTUMH3anus npouecca
IUTaHUsI MUKPO- M MaKpO3JEMEHTAMH COIPOBOXKIAETCS IMOBBIIIEHUEM HX COAEP)KAHUSA B
OCHOBHOM 1 TOOOYHOM MPOITYKIMH, YCHUIICHHBIM MTOCTYIIJICHUEM B PACTEHHS a30Ta yJ00peHHi
W II0YB, CHUKEHUEM COJEp’KaHUS HUTPATOB B MPOAYKLHUH, M, COOTBETCTBEHHO, POCTOM
YPOKAMHOCTH KYJIBTYP IIPH COXPAHEHUH U yBEIMYCHUH XO3IHCTBEHHO Ba’KHBIX BEIIECTB B HUX
(BUTaMHHOB, caxapoB, 0enkoB U T. 1.) (Uymadenko, 1990). YauteiBas, 9To npu n306ITOUHOM
BHECEHUH YAOOPEHHI C MHUKPO- 1 MAaKPOAJIEMEHTaMH Ha OCHOBE KOMIJIEKCOHATOB, B IEPBYIO
odyepeab OHM TIONMANAIOT B IMOYBY, A 3aT€M B BOJHYIO CPEdy, BO3HHMKAeT BONPOC 00 HMX
TOKCHMYHOCTH ¥ Omopaznaraemoctd. M3BecTHO, 4TO M3ydeHHble KomiiekcoHatsl (021D,
HT®, npousBoaHble SHTApHON KUCJIOTHI) JIETKO MOAJAI0TCS OMOAECTPYKIMH B €CTECTBEHHBIX
YCJIOBUSX B OTVINYKME OT aHAJOTMYHBIX KOMIUIEKCOB C KJIACCHYECKUM KOMIUIEKCOHOM.

br1o yctaHOBIEHO, YTO KOMIUIEKCOHBI OTHOCATCS K YMEPEHHO TOKCUYHBIM COSIUHEHUSIM:
snauenue [1JIK B Bome mnmsa ODJId® pauo 0,6 mr/n, a 3nadenwe LDS0 paBuo 2500.
KomruiekcoHaThl METaIJIOB MHUKPOAJIEMEHTOB SIBIITFOTCS YMEPEHHO W MaJOTOKCHYHBIMHU
coequaeHussMu ([latinoBa, Temkuna, u Ilomos, 1989). KommiekcoHaTbl, B 0COOCHHOCTH
KapOOKcUIICOIepIKaIIue, TOABEPKEHBl PA3IOKCHUIO MO/ JIeHCTBHEM YIbTPadUOIETOBBIX
nyudedl. HekoTopble KOMIUIGKCOHBI CIIOCOOHBI pasiarathCs I0J JICHCTBUEM CBETa —
¢doropaznoxkenne (Henneken, Nortemann, & Hempel, 1995). B crounsix Bogax
KOMIUIEKCOHAThl mojaBepratoTcst oumozerpananuu (Pallumbo, Lee, & Roenmann, 1994),
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KOTOpasi MOJKET OBITh YCHUJICHA JIEHCTBUEM XUMHUYECKUX OKUcauTeneit. Kpome Toro, s aTux
1eJield KCTIONIb3YIOTCS TEPMUYECKUE CIIOcoOb! 1 030HUpoBanue. [Tokazano, yro Agrobacterium
sp. cmocoonsl paszmarath OATA (EdumoBa m Maxkames, 1986). B cmywae ODD
OuropasnoxeHus He 00HapyxkeHo. Adnornueckoe pasnoxenue O3 /1D B mpupoIHBIX BojoeMax
MoJ1 JICHCTBUEM CBETa MPUBOJAUT K 00pa3oBaHuIo aneratoB U (ocdaro. Cienyer OTMETHTD,
4yTo creneHb pacmamaa ODD noBonbsHO BhicoKa ([saTinoBa, Temkuna, u Ilomos, 1989; Means,
Kucok, & Crerar, 1980).

Llenp pa®oOTBI COCTOMT B HCHOJNB30BaHUHM HOBBIX KomruiekcoHaToB (OD®P, HTD) c
9KOJIOTHYECKH YUCTHIMH OMOJHMTaHIAMH B TEXHOJOTHH IMONYYCHHS KHUIKAX KOMIUIEKCHBIX
yanoopenuit (OKKY). Ormnpenenenne OHOIOTHYECKON aKTMBHOCTH ITOJIYYEHHBIX XEIaTHBIX
COCTaBOB U MX YCTOHYMBOCTH BO BPEMEHH.

Pa3paborana TeXHOJOTHSI TIOJMYUYeHHUsS CJIOXHOTo KoHIeHTpupoBanHoro JXKY ¢
KOHIeHTparueit ainemenToB (r/m): K20 = 175,5; Mg =27-30; B =4,5; Cu-7,5-10; Fe = 15; Mo
= 0,15-0,2; Zn = 15-20; Co = 0,04-0,1; S = 78. B kadecTBe XelNaTHPYIOMIETO areHTa JJIs
mukpoanemerToB (Fe, Mn, Cu, Zn, Co, Mo) ucnonb3oBainu komruiekconsl OD1d nu HTD
KOTOpbIE 00pa3yloT OWOJOTHYCCKU-aKTHBHBIC COCJAMHCHHS, O0O0JIaalomne BBICOKOM
TPAHCIIOPTHOW aKTMBHOCTHIO. B KayecTBe JOMOJIHHUTEIHHOIO KOMIUIEKCOOOPa3yIOIIero
BeleCTBa UCTIOIB30BAIN TIIUIHH B KoruecTBe 30-70 r/11, KOTOPBIN SIBJISETCS aMUHOKUCIIOTON
Y TaK JK€ BBITOJIHSET B PACTEHUSIX pa3inyuHble (DYHKIINH.

I'munue sBiIseTcs MpeKypcopoM xsopoduiuia, Oiarogapss 4eMy BIHSIET Ha yBEIUYCHUE
3G GeKTHBHOCTH (OTOCHHTE3a, TAKKE IMPEKypcopoM BKyca. Vcronb3oBaHWE TIIMIMHA, B
cOCTaBe YJOOpeHHusi, CIOCOOCTBYET TOMY, YTO HE TPAaTHTCS DSHEPrus Ha BBIPAOOTKY
AMHUHOKHUCIIOTBI (€CTECTBEHHBIM IIyTeM BBIPA0ATBHIBACTCS PACTCHUSIMH) - OHH Cpasy
BKJIFOYAIOTCS] B MEeTa00IM3M pacTeHus. Bo-BTopbIX, Gnaromapst ToMmy, 4TO MOJIEKYJIa TITUIIMHA
ropaszio MEHbIIIe, Y4eM MOJIEKYJIa KOMILUIEKCOOOpa3yoILIero BeIeCTBa, y100peHne, KOTopoe ee
COZICPIKHUT, UMEET OOJIBIIYIO KOHIIEHTPALUIO MUKPOdJIeMeHTOB. Kpome 3Toro, oHa siBisieTcst
KOMITIOHEHTOM OEJIKOB, W TI03TOMY BMECTE C MHKPOIJIEMEHTAMU BCTPAUBACTCS B CKEJIET
pactenusi. B oTimume OT XeNaTHBIX COCJMHEHHH, NMPU TPHUMEHEHUH KOTOPBIX, PAacTECHHE
«3abupaeTy» JUIIb SJIEMEHT IMUTAHUs, & caM XelaTop (Kak JIMNTHKA 0aJacT) monaaaeT B IOYBY.
B-TpeThux, TIMINH SBISETCS KOMIIOHEHTOM, TaK HAa3bIBAEMBIX CTPYKTYPHBIX OEITKOB, KOTOPBIE
BBICBOOOXKTAIOTCS B MOMEHT BOSHUKHOBEHHS OMOTHYECKUX CTPECCOB. DTH OCNKH YKPETUISIOT
KJICTOYHBIC CTCHKH M OIPaHMYMBAIOT IIPOHUKHOBEHUE TTATOTEHOB B TKAHW pacTeHHs. [ IMIH
UTPAeT IIaBHYIO POJIb B 3aIUTE KJIETKH OT OCIEICTBUI 00€3BOKUBaHUS (MM H30BITKA COJIN).

MeToauka uccjae0oBaHuA
PeareHTnl 1 METOAMKH AHAJIU30B

[IpuroroBnenune nuAMBUAYaNbHBIX XanaToB. K 18,67 r ZnO no0aBistoT COOTBETCTBYIONIEE
CTEXMOMETpUYeCKOMYy KoiudecTBO 45,41 1 OD/I® u THIaTeNThHO W3MENBYAOT B CTYIIKE [0
MBUICBUAHOTO CcOCTOsIHUS. CMech MPEACTaBIsACT COOOH METKOKPHUCTAJUIMYECKUN IMOPOIIOK
6emoro 1nBera. K 98,77 r MnSO4 - SH20 nob6asinsror 81,151 O3 /1P TimaTeasHO H3MENbYAIOT U
MEPEeMEIINBAIOT B CTYIKE JI0 MbUIEBUIHOTO cOCTOsiHUS. CMECh MPENCTaBISIeT OJHOPOIHBIN
MEJNKOKPUCTAIITUIECKHI TOPOIIOK ¢ po30BbIM OTTeHKOM. K 29,47 1 CuSO4 - SH20 nobasinstor
23,38 T OD/1® wu3MenbyalOT U TMEPEMENIMBAIOT B CTYIKE 0 TMBIJIEBUIHOTO COCTOSHHUS,
MoJTydeHHasi CMech CHHero 1Beta 1 ogHopoaHas. K 72,66 r FeCls - 6H20 nobasmnsitor 53,23 T
OB 1P nepememuBarOT B CTyIKe U 100aBIsroT 60 M1 Bo b1, OOpa3yeTcs Ipo3pavHblii pacTBOP
JKEJITOTO IIBETA.
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le/IFOTOB.]IeHI/Ie KUAKOI0 X€JIATHOI'0 KOHIHEHTPUPOBAHHOT0 y)lOﬁpeHI/lﬂ.

B npensapurensro Harperyio 10 50 - 60°C Boxy o6bemom 300 - 400 miut gobasastor 20,47r
O3/1d, TmatensHO MEepeMenIuBaroT JI0 MOJIHOTO pacTBOpeHus: KomIuiekcoHa. [Ipomece BeayT
MPH TOCTOSIHHOM HArpeBe W MepeMelMBaHruu. 3aTeM K MPO3pavyHOMY PacTBOPY JA00aBISIOT
XeJaT IMHKA, I0JIHOS pacTBopeHue gocruraercs B TedeHue 80-160 muH. Ilpu moGaiacHuu
XeJiaTta Mapraia oopasyeTcsi MyTHBIH pacTBOp pO30BOTO IBeTa, KOTOPhId B TeueHue 20-30
MuH mnpocserisiercs. [lomydeHHslil mpo3pausblii pactBop umeer pH = 6-7, koTopsii
KOPPEKTHUPYIOT T00AaBIEHHUEM COABI WM PAaCTBOPOM pa30aBICHHOW KUCIOTHL J[0OaBisroT
XaJlaT MeOu BbaepkuBaroT HeiTpanbHoe pH. IlepememmBator 15-20 MUH 10 HOIy4YeHHs
mpo3pavyHoro roiayooro msera pactsopa ¢ pH 6-7. 3arem nobasnsem 40 T raunMHa, Xenar
JKese3a mepeMelInBaloT 10 00pa3oBaHus MPO3pavyHoro pactBopa. [lomydaroT pacTBop TeMHO
3enmeHoro neera ¢ pH = 7-8. Ilocie mepememmBanus nodasistor 25,75 r H3BOs3, 273,67
MgSO4-5H20 u 0,31 r Mmonmubmata ammonust. [lepemenmBaroT /10 MOJHOTO PACTBOPEHUS BCEX
komnonenToB (30-40 munH) pH = 7-8. Ha mpoTsikeHnm Bcero mporecca MoAJIepKUBaOT
TEMIIEPaTypy U KOHTPOIUPYIOT pH pacTBOpa MpH MOMOIIH IIeI0Ka WITH COJbI U KUCIOTHL. [0
OKOHYaHWM TMpolecca 00beM pacTBopa JoBoJsAT o 1 smrpa. [lomydenHoe xemaTHoe
yA00peHue MpecTaBiIsieT co0oi KHUIKHMA, 0e3 ocajaka pacTBOp TeMHO-3elieHoro 1Bera. 1o
aHajorngHou cxeme npoBomn cuHTe3 JKKY Ha ocHOBe HT® € y4eToM CTEXHOMETPUIHOCTH.

Pe3yJ’leaTbI HCCJaeA0BAHUA H UX oﬁcymelme

Omnpenenenbl MaKCUMaIbHbIE KOHIEHTPALMU WHAMBUAYATbHBIX XEIaTOB JJIsl MOJTyYeHUs
cOaaHCUPOBAHHOT O, JKUAKOTO M MPO3PAYHOTO YAOOPEHHS; YCTOWYMBOTO TIPU TEMITEpaTypax
skcruryaranun ot -10 10 + 50°C u npu XpaHeHHuu B TEYEHHE TOJIA.

Pa3paborana cxema cMelIMBaHUs KOMIIOHEHTOB /IS TOJTyueHus pactBopa ¢ pH=7,5, cocras
KOTOPOTO MOXKHO KOPPEKTHUPOBaTh [JOOAaBJIEHHMEM HEOOJIBIIOrO KOJUYECTBA XEJIATOB
3JIEMEHTOB, KOTOPbIE HEOOXOIUMBI JUISI OT/IEIBHBIX BHJIOB PACTCHHM.

s onpenenenust 3G(HEKTUBHOCTH MONYYCHHBIX YAOOpEeHUH ObLT MPOBEJICH aHAIU3 Ha
SHEPIUI0 MPOpacTaHUs U JIAOOPATOPHYIO BCXOKECTh 3E€PEH MIIEHMIbI, KOTOPBIA MOKa3ail
MOJIOKHUTEIBHOE BIMSHIE KOMITO3UIUN y100peHUs Ha TPOPALIMBAHNE 3€PEH MILIECHULBI K POCT
pacTteHus BO BpeMs BCEro Nepuoja Bereranuu. s onpenesneHusl SHEPruy MPOPOCTaHUS U
7a00paTOpHO BCXOKECTH 3€pHA IMIICHUIIBI, IPEIBAPUTEIBLHO MPOTPABICHHBIE, OBLIH
3aMoueHbl Ha 4 yaca B paznuuHbIX KoHIeHTpanusx KXKY u 3atem BbIcylIeHb Ha BO3IyXe B
TedeHne 2 cyTok. beimu B3atThI cnepyronue konuuectsa XKKY na 100 m Boasr: 0 mut; 2 mit; 5
i, 10 mut; 15 mi; 20 mo. OGpaboTanHble TakuM 00pa3oM 3epHOBbIe copTa «Haciemue»
BhICR)KHMBaJIM B 4amku [lerpu B mecok mo 50 3epeH. [1oMB BBICAKEHHBIX 3€pPCH IMIIICHUIIBI
NPOBOJIWIN Kakable CyTKH mpu Temmeparype 18-23°C. Ompenenenve OGuONIOrHYecKon
AaKTUBHOCTH MPOBOJWJIM B TPEXKPaTHON IOC/IEA0BATEIbHOCTH u 00pabaTeIBaINCh
YCPEIHEHHbIE pe3yJIbTaThl. DHEPrui0 MPOPACTaHUS PACCUUTHIBAIM Yepe3 3 CYTOK,
71a00paTOPHYIO BCXOXKECTh Uepe3 7 CyTOK MOCIIE BHICA)KUBAHHUSL.

Omnpeneneno, uto 2 mn ynoopenus va 100 mu Boapl yCKOpSIET MpOpacTaHWe 3epHa IO
CPaBHEHMIO C KOHTpPOJIbHOU mpoboii (6e3 ynodpenus) Ha 46%, 50%, a KoIuuecTBO MOOEroB
3epHOBBIX - 48%, 52%, 4TO MO CPaBHEHUIO C KOHTPOJIbHBIM 0Opa3ioM Oosblie Ha 4 - 8%.
Taxxe Obuta onpenenena dpdextTuBHOCTH KOoMITekcoHatoB ODJI® u HT® no cpaBHeHuto ¢
tpaguunonueiM D/ITA. Ilokazano, 4to 3()()EeKTUBHOCTH KUAKOIO XEJIaTHOTO YI0OpeHUs
MaKCUMaJlbHa MPH UCIIOIB30BAHNHN B IIPEATIOCEBHON 1 BHEKOPHEBOW MOAKOPMKH PACTEHUI.
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BbIBOABI

JlaHHOE CJIO)KHO€ KOHILIEHTPUPOBAHHOE JKHJKOE KOMIUIEKCHOE YJIOOpEHHE MOKET
HNPUMEHSTHCS KaK P NPEANOCeBHOM 00paboTKe ceMsH, TaK U IPH JUCTOBOM MOAKOPMKE BO
BceX (ha3ax Bereraluy pacTeHUH.

[Tony4yeHHble KOMITO3UIIUU YIOOpPEHUS 00JIafatoT PAJOM MPEUMYIIECTB: OJJHOBPEMEHHOE
MOCTYIUIGHHE B PACTEHHWE MAaKpO- U MHUKPO3JIEMEHTOB, T.K. MHKPOAJIEMEHTHI YIyUYIIalOT
YCBOEHHE OCHOBHBIX 3JIEMEHTOB IIMTAHHI; MUKPO3JIEMEHTHI B ONOJIOTMUECKH aKTUBHOM (hopme
00/1ajjaloT BBICOKOM CTEMEHbIO YCBAMBaHUs, YTO OCOOEHHO B@KHO JUI BHEKOPHEBOMU
MOJJKOPMKH PacTE€HUIl; BO3MOKHOCTh BHECEHHSI OCHOBHBIX MUKPOJIEMEHTOB B T€UEHUE BCETO
BEreTallMOHHOTO MEPHO/Ia; BO3MOKHOCTh BHECEHUSI MUKPOAJIEMEHTOB B CTPOTO ONPEIETIEHHOM
KOJINYECTBE U COOTHOIICHWH, HEOOXOAMMOM KYJIbTYpe, 4TOo 00ecredrBaeT MaKCHUMAJIbHBIN
3GpeKT OT KOMIIO3WIMH; BO3MOKHOCTh BapbUPOBAaHHS KOJIMYECTBA MHKPO- H
MaKpO3JIEMEHTOB B 3aBUCIMOCTH OT TIOTPEOHOCTEH CEIIbCKOXO03SHCTBEHHON KYJIbTYPBI; COCTAB
MOXHO fononHuTh Fe u ynerpamukposnementamu (Ni, Cr, Se, I) B xenaTHo#; 1o6aBneHne B
COCTaBbl AMUHOKHCIIOT, TAKUX KaK TJIMIUH YJIy4IIaeT yBAUBAEMOCTh KOMITIO3ULIUU PACTCHUEM;
COCTaBbl YCTOMYUBHI (HE PACCIIauBalOTCs U KPUCTAIUIN3YIOTCS) IPY XPaHEHUH B TEUCHHUE TO/1a
u Golee, Tak )K€ YCTOMYMBBLI IPH TEMIEpPaTypax sKcIutyaramuu oT -10 mo +50°C, 3a cuer
TOPMOXKEHHUsI TpolLiecca POCTa KPUCTANIOB COOTBETCTBYIOLIMX KOMIUIEKCOHATOB; COCTaBbI
MOKA3aJIy JIy4lllde Pe3yJIbTaThl 10 3HEPTHM MPOPOCTaHUS M JaOOpaTOPHOM BCXOXKECTH Ha
O2/1® u HT® no cpaBHeHuto ¢ tpaauunoHHsiM D TA.
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Abstract

Arsenic is an element that naturally occurs in rocks and sediments. In some areas, arsenic is
released to ground water and can contaminate drinking water sources. Since arsenic is toxic in
high doses and a carcinogen, the World Health Organisation (WHO) recommends arsenic
levels lower than 10 pg/L in drinking water.

This thesis describes the removal of arsenic in a reverse osmosis system. Arsenic is usually
present in water in two oxidation states, as arsenite (As(IIl)) or arsenate (As(V)). Arsenate is
usually easier to remove than arsenite, and the experiments have emphasized the removal of
arsenite in double filtration process and compared to the removal of arsenate.

Previous studies at UMB have found reverse osmosis as an efficient way to remove arsenite
when the water is filtrated twice .

The treatment from arsenates gave a removal efficiency of 97-99 % after one filtration and it
is evident that removal of As(V) is close to 100 % efficient.

The removal of arsenite in the first filtration was in the range 55 - 65 % and in the second
filtration between 40 % and 55 %. The total arsenic removal after two filtrations was found to
be between 75-92 %.

For test water consisting both with arsenite and arsenate, the RO system gave a total arsenite
removal between 81 - 92 %.

One of the theories for the removal efficiency of As(Ill) through double filtration RO was
oxidation. Tests of the reject water were tested and showed oxidation rates 0 - 38 % in the first
filtration and between 0 - 35 % in the second. Many samples had zero content of pentavalent
arsenic, so generally difficult to judge by what principle arsenic is oxidized in the system.

Keywords: Arsenic, reverse osmosis, water treatment, removal rate, oxidation, double
filtration.

Background

Elemental arsenic and arsenic compounds are classified as "toxic" and "dangerous for the
environment" in the European Union under directive 67/548/EEC. The International Agency
for Research on Cancer (IARC) recognizes arsenic and arsenic compounds as group 1
carcinogens. Arsenic is known to cause arsenicosis owing to its manifestation in drinking
water, "the most common species being arsenate [HAsO2-4; As(V)] and arsenite [H3AsO3;
As(IID]". Trace amounts of arsenic are often found in the groundwater, open fresh water
sources, seas and oceans.

Chemists have found that arsenic in natural waters can be in various forms, which is important
in choosing analysis, methods of migration, as well as varying toxicity of these compounds.
Trivalent arsenic is in 25-60 times more toxic than pentavalent. Compounds of As (III) in water
are normally present in the form of arsenous acid H3AsO3, which is weak (pKa = 9.22), and
compound As (V) are present in the form of significantly stronger arsenic acid H3AsO4 (pKa
=2.20) and its anions H2AsO4- and HAsO42-.
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World Health Organization and the world community paid attention to the problem of pollution
the drinking water by arsenic in 2006, reducing the maximum permissible concentration of 50
ug/L to 10 ug/L. Before the adoption of this decision there were serious researches in various
regions of the planet, as well as drinking water crisis in South Asian countries (Bangladesh,
etc.), which led to several fatal.

Today the problem of purifying water from arsenic to the norms of the new standard rather
acute for developed countries, as well as for Africans countries and South Asia. Not many
municipal treatment plant today can solve this task. In developed countries, people have an
active interest in the quality of drinking water and, if necessary, use special filters and pets,
removing arsenic compounds. In developing countries (Bangladesh, Nepal, Taiwan, Burkina
Faso, etc.) The World Health Organization conducts installation of special treatment systems
for municipal wells.

It should be noted that the materials traditionally used in water filters and filtering systems are
not able to remove arsenic from drinking water. In the world today, there are several
commercially available special sorbents, as well as there are studies and searches constantly
working to develop new, cheaper materials.

Analytical Methods for Determining Arsenic
Plasmic Spectrometric Methods

The plasmic spectrometric methods are based on the emission of electromagnetic radiation by
elements excited e.g. in high temperature. Each element emits radiation of characteristic
wavelengths (allowing qualitative analysis) and intensity proportional (at a given temperature)
to the concentration of this element (allowing quantitative analysis). Emission of radiation by
an atom of a given element is related to changes in the energy states of electrons from the outer
electronic shell. An appropriately high quantum of energy (thermal, electric) provided to the
atom makes one or more electrons jump to a higher energy level, causing the atom’s excitation.
The higher the energy of excitation, the greater the richness of the electronic transitions and
the complexity of the emission spectrum.

Using mass spectroscopy (MS) the detection limit was 0.08 pg/L, after hydride generation and
reduction. The determinations with hydride generation can be performed in the continuous flow
of the analyte and in the batch system, getting comparable results at the detection limit of 4
pg/L, or with injection supply of the analyte (FIA). Introduction of the analyte and hydride
generation can be used irrespective of the method of detection: AES, or MS. Mass spectrometry
ensures the detection limit of 0.006 pg/L without preliminary concentration of the analyte.

The Standard Methods recommend Hydride Generation Atomic Adsorption Spectrometry
(HGAAS), the spectrophotometric method with silver diethyldithiocarbamate and Inductively
Coupled Plasma method (ICP) for determination of arsenic, and the ways of sample preparation
for analyzes.

Experimental Design

All experiments were done in IMT (Mathematical science and technology) and IPM (Plant
science) department laboratories, Norwegian University of Life Science (NMBU). Reverse
osmosis system installed by Malthe Winje Company, Norway. Water samples were tested at
the laboratory at IPM using inductively coupled plasma mass spectrometry (ICP-MS).
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Materials and methods

The arsenic solutions used were mixed at IPM laboratory to a concentration of 4 g/L.
Arsenic(V) sample was prepared by NazHAsO4x7H20 (Sodium Hydrogen arsenat hepta
hydrate, 98%) Case number is 10048-95-0, formula weight — 310 g/mole. Arsenic (III) sample
was prepared by Na2AsO2 (Sodium arsenite solution contain Arsenic trioxide, 100%) (VWR
international, Germany).

Arsenic (IIT) and Arsenic (V) were mixed with tap water and prepare arsenic contaminated
water with different concentrations. The pH was adjusted by Nitric acid (HNO3) and Sodium
hydroxide (NaOH).

The analysis in a mass spectrometer can give us the concentrations of total arsenic, as well as
separated concentrations of As (III) and As (V). But separated analyzes are much more
expensive. So for separation As (III) and As (V) was used ion exchange method. A samples
(300-500 ml) passed through an ion exchange (IE) resin, As (V) was adsorbed on resin, and As
(IIT) remained in the water. Samples were taken and analyzed before and after the IE, so we
had concentrations of total As and As (III), the difference between them — As (V).

The ion exchange resin used was Dowex 21K XLT Resin from Dow, a high efficiency, uniform
particle size, strong base anion exchange resin. The matrix is of styrene-DVB gel and charged
with chloride (Dow n.d.-a).

The RO-unit was used to test the removal of As(V), As(Ill) and a combination of As(III) and
As(V).

Arsenic (I1I) and Arsenic (V) sample prepared separately for each experiment, total experiment
was divided into three steps. In first step experiment was design for As (V), As (II1) and mixture
As (V) with As (III). In this experiment 500 liters arsenic contaminated water was prepared
with different concentration levels of Arsenic: from 50ug/L to 200ug/L, without pH correction.
The flow rate in system was applied 100 L/h.

Results

Firstly was made a little check of IE separation to get sure that it works as we expect. As (V)
has to be adsorbed by IE resin and As (III) should pass through it.

Table 1 Check of IE separation

Exp. Ne As (IIT), ng/L As (V), pg/L Inlet (As (Tot)), pg/L QOutlet (As (I11)), pg/L
1 50 0 53.0 0.6
2 0 50 51.0 49.0
3 50 50 110.0 44.0

This check shows that this method is effective for separation As (III) and As (V). The error is
less than 5 %.

In this work I performed three sets of experiments for arsenic removal from drinking water.
First step experiment was for As (V), As (III) and mixture As (V) + As (III). The removal
efficiency of double filtration process is shown in Table 2.

The removal efficiency of As (V) is very high. It’s absolutely enough one step filtration to
remove almost 100 %. So efficiency of this process was proved and in farther research we don’t
explore As (V) removal.
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Table 2 First step of research. The removal efficiency of double filtration process.

Exp As As Inlet 1 filtration 2 filtration Removal
No (I1D), V), As As As Removal Removal As Removal Removal rate As
pg/L  upg/L (1), V), (Tot) rateAs rate As (Tot) rate As rate As  (Tot), %
ng/L ng/L am, % V), % am, % V), %
1 50 - 49 7 19 61.22 - 8.6 54.74 - 84.64
2 100 - 110 - 39 64.55 - 18 53.85 - 83.64
3 150 - 170 - 77 54.71 - 43 44.16 - 74.71
4 200 - 230 - 97 57.83 - 59 39.18 - 74.35
5 - 50 0.3 45.7 1.2 - 97.37 0.6 - 51.67 98.74
6 - 100 2.9 107.1 1.3 - 98.79 0.7 - 48.46 99.39
7 - 150 - 170 1.2 - 99.29 0.4 - 68.33 99.78
8 - 200 - 230 14 - 99.39 0.4 - 69.29 99.81
9 25 75 24 86 9.4 65.42 98.72 8.3 32.52 76.67 92.45
10 50 50 45 55 20 64.44 92.73 9.8 45.00 80.44 90.20
11 75 25 85 45 36 62.35 91.11 14 62.50 85.88 89.23
12 50 100 43 127 27 41.86 98.43 24 28.00 58.14 85.88
13 100 50 84 76 52 44.05 93.42 30 36.17 64.29 81.25
14 100 100 84 126 81 8.33 96.83 29 68.83 71.43 86.19

The As (III) removal is less effective than As (V). At first filtration removal rates varied
between 50-65 %, and at second filtration — 40-55 %. Total removal rates after 2 filtrations are
75-85 %. This are not enough for higher initial concentrations to reach requirements.

Figure 1 shows efficiency of each step of filtration process.

Removal efficiency of As(V) by RO
depending on the initial concentrations
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Figure 1 Removal efficiency of As (II) and As (V) depending on initial concentrations according to filtration

step.

Figure 2 illustrate the impact of ratio As (V)/As (III) on treatment process from mixture of

Arsenic.

Removal efficiency of second step of RO filtration doesn’t suppose to be. That molecules of
As that goes through the membrane on first step should pass through it on second step as well.
But results show that there are 40-55 % of removal. One of the possible reason is oxidation As
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(IIT) to As (V) during filtration process. Than removal efficiency could increase because of As
(V) presence. This reason we tried to explore on the farther steps.
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Removal efficiency of As (tot) by RO depending on the
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Figure 2 Removal efficiency of As (tot) by RO depending on the ratio initial concentrations As(V)/As(III).

Another two steps of research were for arsenic (I1I). Were used two different flow rates: 50 and
100 L/hour. Also was done IE separation on each step of treatment process and were measured

concentrations of As (III) and As (V) as well for checking if there are any oxidation processes
in the system.

Table 3 Second step of research. The removal efficiency of double filtration process for As (III).

Exp. As As Inlet 1 filtration 2 filtration Removal
Ne (I1I), ), As As Removal Removal Removal Removal rate As
pg/L pg/L (II0), V), rate As rate As rate As rate As (Tot), %
ngL pg/L (), % V), % 1), % V), %
Flow rate 100 L/h
1 50 - 48.5 7.0 46.39 71.43 36.54 65.98 67.37
2 200 - 185 25 40.54 100.00 38.14 63.24 64.76
Flow rate 50 L/h
3 50 - 45 11 48.89 63.64 39.13 68.89 73.21
4 100 - 86 14 45.35 57.14 44.68 69.77 70.00
5 200 - 160 50 43.75 80.00 31.11 63.24 64.76

From the Figure 3

we can say that removal efficiency is decreasing with increasing of initial

concentrations. As well as on second filtration step efficiency is low than on first step. RO
process with flow rate 100 L/hour is more effective than with 50 L/hour.

100

Removal efficiency of As(lll) by RO depending on the initial

concentrations an

Removal rate x, %
vl
o

50

d flow rate

100 150
@1 filtration, Flow rate = 50 L/h
@ 1 filtration, Flow rate = 100 L/h

00;
c%\s(m)mlet' p.g/L

Figure 3 Removal efficiency of double filtration process depending on the initial concentrations according to

different flow rates.
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Oxidation rates in system during the process are shown in the Table 4 and on the diagram 4.

Table 4 Oxidation processes during RO filtration.

Exp. As As Inlet 1 filtration 2 filtration
Ne ), (V), As As Ox. As As (V), Ox. As As Ox.
pg/L pg/L I, (V), rate,% (III), pg/L rate, %  (II), ), rate,
pg/L ng/L ng/L ng/L ng/L %
Flow rate 100 L/h
1 50 - 48.5 7.0 12.6 26 2 7.1 16.5 0.5 2.9
2 200 - 185 25 11.9 110 0 0 68.0 6.0 8.1
Flow rate 50 L/h
3 50 - 45 11 19.6 23 4 14.8 14 1 6.7
4 100 - 86 14 14.0 47 6 11.3 26 4 13.3
5 200 - 160 50 23.8 90 10 10 62 7 10.1
Oxidation rate As(lll) to As (V) in RO process depending
30 on the initial concentrations and flow rate
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Figure 4 Oxidation processes on the second step of research

The results of oxidation in system show that in the inlet water we already have 10-25 % of As
(V). That means that in the solutions of As (III) prepared in IPM laboratory As (V) is present.
Also As (V) is present in water after first and second filtration. That prove our hypothesis of
oxidation processes in system cause of almost 100 % removal rate of As (V). The
concentrations of As (V) are higher after second filtration step.

According to some mistakes on preparation step was done checking of analytical errors of ICP-
MS analyze. Set of experiments with two inlet concentrations was done. On each step of
process we took two same samples and analyzed them. Results of this check are shown in the
Table 5. Errors are almost absent, only a couple of samples had errors in 1-2 pg/L.

Table 5 Check of ICP-MS analyzing

As (III), pg/L Error, As (V), ng/LL Error, %
1 2 Meen Y% 1 2 Meen
As (III) = 50 pg/L
Inlet 48 49 48.5 1.03 7 7 7 0
1 filtration 26 26 26 0 2 2 2 0
2 filtration 16 17 16.5 3.03 1 0 0.5 50
As (ITT) = 200 pg/L
Inlet 190 180 185 2.7 20 30 25 20
1 filtration 110 110 110 0 0 0 0 0
2 filtration 69 67 68 1.47 5 7 6 16.67
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The third step of experiments was done as Full Factor Experiment (FFE). In this set three
factors were varied in all combinations: pH, Flow rate and initial concentrations. The results
are shown in the Table 6 — removal efficiency and in Figure 5 — the oxidation rates.

Table 6 Third step of research. Full Factor Experiment (FFE)

Ne PH, Zx Flow rate, Z, Initial Removal rate, %

L/h concentration, 1 filtration 2 filtration Total

Zs3, ng/LL

1 8 200 100 64.00 27.78 74.00
2 6 200 100 73.64 62.07 90.00
3 8 100 100 67.00 57.58 86.00
4 6 100 100 64.00 44.44 80.00
5 8 200 50 75.44 64.29 91.23
6 6 200 50 74.14 59.33 89.48
7 8 100 50 64.29 40.00 78.57
8 6 100 50 62.50 38.10 76.79

It should be noted several consistent patterns: in the experiments with bigger flow rates the
degree of removal increase, the effect of pH is not clear, no regularities, the impact of the initial
concentration also remains unclear, we again have the scatter points.

During FFE has also been analyzed the oxidation rates in raw water and after each filtration
step. Somehow, when applying 200 L/hr observed greater oxidation. The reason is unclear.
Many samples had zero content of pentavalent arsenic, so generally difficult to judge by what
principle arsenic is oxidized in the system.

Oxidation rate As(lll) to As (V) in RO Oxidation rate As(lll) to As (V) in RO
process depending on the initial process depending on the initial
40 - i = 40 —concentrations and pH. Flow rate =
100 L/h 200 L/h
< 30 o 30
2 2
3 3
c 20 - S 20 -
2 S
S b
3 3
10 -+ 10 -
50 106 nstm ™ e/l 50 100
) . Cc ’ inlet’ ug/l-
Hinlet, pH 6 1 filtration, pH 6 Oinlet, pH 6 B 1 filtration, pHAé"”

B 2 filtration,pH6 @Inlet, pH 8

B 2 filtration, pH 6 @Inlet, pH 8
W 1 filtration, pH 8 W2 filtration, pH 8

W 1 filtration, pH 8 M2 filtration, pH 8

Figure 5 Oxidation processes in FFE.

After all steps was done summarizes of influence of the initial concentrations and flow rates.
This results are shown in Figures 6 and 7.
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Removal efficiency of As(l1l) by RO depending on the initial
concentrations
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Figure 6 The influence of the initial concentrations on the removal efficiency of RO process.

Removal efficiency of As(lll) by RO depending on the initial
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Figure 7 The influence of the flow rates on the removal efficiency of RO process.
In Figure 6 we see the big scatter of points. Removal rates are changed from 30 to 80 %. It’s

very difficult to say anything according to this figure. There is quite low reproducibility of
results.

The graph on the Figure 7 shows the dependence of the initial concentration on removal rate at
different flow rates: 50, 100, 200 L/hr. Most of the points with the flow rate 50 L/hr are below,
points with rate 100 L/hr - the principal amount of the points are above, at 200 - respectively,
also. It should also be noted that with increasing the initial concentration removal rates are also
increased in general.

Conclusions

The treatment from arsenates gave a removal efficiency of 97-99 % after one filtration and it
is evident that removal of As(V) is close to 100 % efficient.

Arsenite (III) removal is normally 30-60 % during RO processes. However, the double
filtration process give arsenic removal up to 85 %. The total arsenic removal after two
filtrations was found to be between 75-92 %. The removal of arsenite in the first filtration was
in the range 55 - 65 % and in the second filtration between 40 % and 55 %. For test water

consisting both with arsenite and arsenate, the RO system gave a total arsenite removal between
81 -92 %.

Double filtration is not so efficient method to treat water that contains arsenite. The
concentration after two filtrations was higher than the recommended limit of 10 ug/L and was
sufficient only with initial consentrations 50 pug/L.
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One of the theories for the removal efficiency of As(IIl) through double filtration RO was
oxidation. Tests of the reject water were tested and showed oxidation rates 0 - 38 % in the first
filtration and between 0 - 35 % in the second. Many samples had zero content of pentavalent
arsenic, so generally difficult to judge by what principle arsenic is oxidized in the system.

There is no correlation between pH and removal efficiencies in the pH rate of 6 to 8, however,
the removal rate is noticeably higher at pH 10 when As(III) is ionized.

Further experiments should look into the oxidation process and examine it more closely. Also
I recommend to test the forms of As present in water, through potentiometric titration, for
example.
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Abstract

Coagulation is a widely used process for transformation of small particles into larger
aggregates with further removal of these impurities by sedimentation, flotation, filtration,
centrifugation or other separation methods. Study of the relationships between wastewater,
coagulants, operational properties, features of aggregates and resulting efficiencies provides
valuable input to the modelling of coagulation process and could be used for coagulant
on-line dosage control. Experiments were performed to ensure that using images of flocs it is
potentially possible to predict the optimal dosages of coagulants for each particular type of
model wastewater and predict the treatment efficiencies. Preliminary tests showed that all
coagulants have similar trends regarding treatment efficiencies for different model
wastewater types during coagulation with a constant pH. Thus, three coagulant doses were
chosen to analyse relationships between floc features, doses and treatment efficiencies for
various model wastewaters and three coagulants. Floc features in this study are represented
by image texture analysis — GLCM. Obtained results show the correlation between coagulant
doses, treatment efficiencies and GLCM texture parameters. GLCM texture parameters of
floc images tend to be unique for optimal dosages of coagulant.

AHHOTAIHUS

Koarynsanus — 370 4acTo UCHOJIb3yEMBIH MPOLECC YKPYIIHEHNS YaCTHLL ¢ MX IOCIIENYIOLUINM
U3BJICYCHUEM TOCPEICTBOM OCaKACHUs, (protanuu, GUIbTpaluy, HeHTPU(PYrupoBaHUs WIH
JPYTUMH MeToJaMu paszjena ¢a3. M3yueHue B3aMMOCBS3eH MEXIy MapameTpaMd CTOYHOM
BOJIBI, KOAryJITHTaMH, paOOYMMHM TapaMeTpaMu MpoIecca, XapaKTepPUCTUKAMH YacTHIl U
MOJIyYEHHBIMHU CTENEHAMHM OYMCTKU OT 3arps3HUTEECH SBISETCS BaXKHBIM 3TalloM B
MOJICTUPOBAHHUH TIPOLIECCA KOATYJIISIINN, U B TMOCIEAYIOMEM MOXET ObITh MCIIOIB30BaHO IS
KOHTPOJISL O3Bl KOAryJsiHTa B pekuMe oHsaiH. [IpoBeneHa ceprs dKCIEPUMEHTOB € LETBIO
MOJTBEPANUTH, YTO AHAIU3 HM300paKEHUS XJIOMBEB — 3TO METOMA, KOTOPBIA MOTEHIIMAIBEHO
MOXKET OBIThb HCIOJB30BaH JJIsi OINpEAEICHHUs ONTHUMAaJbHOW O3Bl KOArylisiHTa U
Mpe/ICKa3aHmsl CTENEHN OYMCTKH JIJIs1 KaXKJIOTO KOHKPETHOTO BHJ1a MOJIETbHON CTOYHON BOJIBI.
[IpenBapuTenbHbIil aHAINW3 TIOKa3ajl, YTO BCE KOAryJSHTH HMMEIOT CXOXKHE TEHICHIUH
KacaTelbHO CTETICHEW OYMCTKHA OT Pa3HbIX 3arpsi3HUTENICH Ui Pa3HbIX THIIOB MOJCIHHON
BOJIBI TIPY TTOCcTOSTHHOM pH Bo Bpemst koaryssiiiuu. Takum o0pa3om, ObLII0 BEIOPAHO TPH JTO3BI
KOaryJsiHTa JUlsl TOCJENYIOIIEro M3Y4YeHHMsl B3aUMOCBSI3€H MeEXAYy XapaKTepUCTUKAMHU
XJIONBEB, 03aMM KOAryJjsHTa W CTENEHSIMU OUYUCTKU AJIs Pa3/IM4YHbIX TUIIOB MOJEJIBbHOU
BOABl U TPEX KOAryJsIHTOB. XapaKTEPUCTHKU 4YaCTUL B 3TOM aHAJIU3€ ONPEACISIOTCA C
MOMOIIBI0 TEKCTypHOTO aHanmm3a u3zoOpaxkennii — GLCM. IlomydeHHBIE pe3ylnbTaThI
WCCJIEJOBAHMS TOATBEP)KIAIOT B3aUMOCBSI3b MEXKAY J103aMU KOAaryJisiHTa, CTEleHIMU
OUYMCTKU OT 3arpsi3HUTENCH M TeKcTypHbIMHU napamerpamMu GLCM m300pakeHuii XJIOMbEB.
st onTUManbHBIX 103 KoaryJisiHTa TekctypHble mapameTpbl GLCM n3o00pakeHnii XJIomnbeB
SBIISIIOTCS YHUKAIBHBIMH.

Keywords: Optimization of coagulation; image analysis of flocs; GLCM of floc images; dosage
prediction; efficiency prediction; model wastewater.
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Introduction

Wastewaters contain a significant amount of suspended and dissolved substances, which
create the need for its treatment before discharging into the receiving waterbodies. It is well
known that insufficient wastewater treatment could dramatically influence on the
environment (Smith et al, 2009; Anderson et al, 2002). It causes algal blooms that lead to
death of fish and vegetation and enhances bacteria growth (Corell, 1998). These factors can
become sources of serious health problems such as dysentery and cholera (Lipp et al, 2002).
Thus, the quality control at water and wastewater treatment plants should be as high as
possible.

At first treatment plants the quality control was performed by manual water sampling after
certain stages of treatment (Edzwald, 1999). The main problem of this approach was a very
long response time from sampling until results obtaining. This leads to usage of large
amounts of chemicals in order to preempt the possible water quality problems. To eliminate
mentioned disadvantages current W&WWTPs are using water quality control based on
on-line water parameter analysis (Vesilind, 2003; Bourgeois et al, 2001). In this approach the
sampling and analyzing of water parameters are typically automatized while process control
is carried out by on-line monitors coupled with optimal coagulant dosing control systems
(Ratnaweera, 2004). However, initial costs of such monitors are quite high.

The main objective of this research was to find a simple tool to predict the optimal
coagulant dosage in order to use it as on-line water quality monitor. Assuming that floc
features at optimal dosages are unique, the overall objective was to find a way to use floc
images. Besides, the equipment which is required for image analysis of flocs is not as
expensive as typical water quality monitors.

Image Analysis in Coagulation — Update of literature review

The aggregation process of colloidal particles into larger flocs is a process that can
proceed artificially or naturally influenced by various physical or chemical disturbance
factors. Resulting flocs consist of a large amount of initial primary particles and have highly
porous structures (Kim, 2001). Definition of flocs geometric parameters is a difficult task
because of their amorphous, disordered nature. Since publishing the fundamental book of
Mandelbrot (1983) main basis for floc structure analysis has become the Power Law. For
example, the most widely used in the floc structure analysis — 2D fractal dimension, can be
found from a power relationship between project area and characteristic length of flocs.

The first application of the Power Law for interpretation of alum floc structure had been
done by Tambo (Tambo and Watanabe, 1979). Further, in his paper Li applied "fractal
approach" to the application of image analysis of flocs generated during water and
wastewater treatment (Li and Ganczarczyk, 1989). After publication of these two
fundamental papers, "the fractal approach" in image analysis of different flocs had become a
common technique (Kim, 2001; Maggi, 2006). At first papers, focus of researchers was on
determination of floc settling velocity and calculation of respective floc density by direct
observation of settling process in diluted model solutions (Milligan and Hill, 1998; Lee et al,
1996; Tambo and Watanabe, 1979). This approach gives sufficiently accurate results and can
be operated in-situ. On the other hand, it is time consuming and complicated process.
Moreover, it requires sensitive weighing system and therefore cannot be applied to industrial
water monitoring systems.

At the same time, another sufficiently common approach for characterization of floc-
structures is an image analysis based on the microphotography (Farrow and Warren, 1989).
First images obtained during the coagulation process were taken by coupling the microscope
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with analog camera which gave a high enough magnification and good image details (Logan
and Kilps, 1995; Gorczyca et al, 2003). This technique allowed to investigate the floc
structure and morphology based on detailed analysis of microphotography (Cousin and
Ganczarczyk, 1998). Besides, based on this technique correctness of fractal approach to the
floc structure has been confirmed. However, as a previous approach, it was still highly time
consuming technique because all operations on the image taking and analysis were performed
manually. Moreover, this approach require sample extraction and/or special preparation in
order to move it to microscope panel. Thus, this technique could not be used in industrial
water monitoring systems.

The next step in image analysis was "digital approach" based on digital photo cameras and
PCs (Logan, 1999; Chakraborti et al, 2000). Despite the relatively low resolution range of the
digital cameras and low operating speed of PCs at that time this approach quickly became
generally applicable. One reason was that coupling digital camera with PC considerably
simplifies image taking and processing. Another reason is developing special technique of
image taking by application of additional photo-chamber (Droppo, 2004). This technique
allows to obtain images in-situ by cycle pumping suspension through the chamber. However,
this could lead to flocs breakage because it is fragile nature (Jarvis et al, 2005). Nevertheless,
the large number of papers based on this technique emerge last decade. As can be expected,
with further development of digital cameras, PCs, software and new photo techniques "digital
approach" for image taking and analysis could be even more applicable. Alternatively, there
are few more new ways for in-situ image analysis that emerge last years: Particle Image
Velocimetry (PIV) and Small Angle Laser Light Scattering (SALLS). These techniques are
not quite new in general, but in application to image analysis they were not used so far. PIV
analysis can be used to determine settling velocity as well as flocs shape and dimensions by
analyzing their tracks via high speed image tracking system (Xiao et al, 2011). SALLS is
used to determine floc concentrations and dimensions by analog or digital Fourier
transformation of back scattered laser light (Kim et al, 2001). Both techniques could be used
for calculation of fractal dimensions.

Methods, equipments and procedures

For jar tests 1 liter beakers equipped with Floaculator 2000 programmable mixer units
(Kemira, Sweden) have been used. Mixing was performed in following modes: 1 min rapid
mixing (400 RPM), 10 min slow mixing (30 RPM) and 20 min sedimentation without
mixing. During the experiments 3 types of industrial coagulants were tested: ALS, PAX-18
and PIX-313 (Kemira, Sweden). To maintain stable pH value which equals 7 during the
coagulation process 2M NaOH (VWR, Belgium) was added simultaneously with coagulant.
During slow mixing stage accurate measurements of pH were performed in order to ensure
that pH is stable and equals 7. After slow mixing stage mixer units were removed from
glasses to avoid disturbance of flocs during sedimentation. Finally, after sedimentation stage
approximately 200 ml of water samples were taken from 5 cm depth by peristaltic pump.

Listed in table 1 components in appropriate concentrations have been used to prepare
model wastewater with reproducible parameters. Two types of hardness with corresponding
alkalinities of initial wastewater have been selected in order to simulate typical Norwegian
wastewaters and middle and western European wastewater types. Average initial wastewater
parameters are listed in table 2.
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Table 1 Model waste water composition (Ratnaweera, 1991)

No Component Concentration level

Low, Medium, High,

mg/l mg/l mg/l
1 Dried Milk (Nestle, Norway) 150 300 600
2 Potato starch (Hoff, Norway) 30 60 120
3 Bentonite (Alfa Aesar, USA) 40 80 160
4 NaCl, soft/hard (Merck, Germany) 400/0 400/0 400/0
5 K:HPOs4(Merk, Germany) 25 50 100
6 NH4CI (Kebo, Germany) 50 100 200
7 Na-salt Humic acids (Merck, Germany) 2.5 5 10
8 NaHCOs, soft/hard (Merck, Germany) 60/400 60/400 60/400
9  CaCly, soft/hard (Merck, Germany) 0/255 0/255 0/255

To obtain floc images during the coagulation process DSLR D600 camera (Nikon, Japan)
with 105 mm Nikkor AF-S Micro 1:2.8 G ED lens (Nikkor, China) coupled with SpeedLite
YN460 flash (Yongnuo, China) have been used. Following parameters were used during
image taking process: ISO 800, F/32, 1/200. DigiCamControl 1.2.0 free software has been
used for remote camera control to take images each 20 seconds during coagulation process.
In addition, to obtain images modified mixing unit with attached 4 cm black plastic stripe was
used, making a black background in images. Obtained images were processed in Imagel free
software to convert it to black and white, crop central 3000*3000 pixel area, enhance contrast
and find GLCM texture parameters (Haralik et al, 1973) via “GLCM_TextureToo V 0.008”
plugin (Cornish, 2007).

Each sample taken after sedimentation step was analyzed for total suspended solids,
turbidity, ortho- and total phosphorous contents. The total amount of suspended solids was
calculated as weight gain of the 1 hour dried at 105°C Glass Fiber Filter (Whatman, UK) after
filtration of a certain volume of water sample. Turbidity measurements were performed by
2100Q portable turbidimitre (Hach, USA). Concentration of ortho-phosphate ions in water
samples were measured according to ISO 6678:2004(E) standard by using an UV5800PC
spectrophotometer (Shanghai Bilon Instrument, China). Total phosphorous concentration
were determined by using express Hach Lange photometric method with LCK 348 and/or
LCK 349 standard test tubes and DR3900 spectrophotometer.

Table 2 Initial model wastewater parameters

Component Concentration level
Low, Medium, High,
(soft / hard) (soft / hard) (soft / hard)
pH 7.87+0.19 / 7.98+0.07 7.894+0.15/8.01£0.04  7.81+0.05 / 7.95+0.03
Turbidity, FTU 1067 / 114+11 239420/ 264+14 558+79/ 558+42
TSS, g/l 0.11+0.02/0.11£0.01  0.18+0.04 / 0.24+£0.03  0.44+0.06 / 0.38+0.1
PO4*, mg/l 4.72+0.3/5.01+0.1  9.96+0.99 / 10.17+0.7 19.7+0.1 /17.63+0.1

Total P, mg/I

5.14+0.1 /5.67+0.1

10.95+0.25/10.7£0.1

21.0+0.1/20.9£0.1
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Experiments planning

During the experiments planning 2 types of initial model wastewaters (soft and hard) with
3 concentration levels of turbidity (low, medium, high) have been selected to simulate typical
Norwegian and middle Europian wastewaters (table 1, 2). In addition, 3 types of coagulants
(ALS, PAX-18, PIX-313) have been selected to reproduce the coagulation stage at typical
wastewater treatment plants. pH value and concentration of coagulant during coagulation
process have been selected by analyzing and reconstructing Amirtharajah coagulation
mechanism diagrams to perform coagulation by sweep-floc mechanism (Amirtharajah and
Kirk, 1982; Johnson and Amirtharajah, 1983). In preliminary research part 6 doses of
coagulant were chosen with concentrations varied from 0.25 to 2.25 mmol/l to define the
optimal coagulant doses for each water type. Graphical representation of coagulation initial
conditions are shown in fig. 1 in appropriate solubility diagram for aluminum (a) and iron (b).

After defining optimal doses, 3 coagulant concentrations corresponding to near optimal,
under- and over- dosages based on analysis of samples after coagulation process have been
selected. Further, additional coagulation experiments with remote image taking system have
been performed, while obtained images were processed in order to determine GLCM texture
parameters.
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Figure 1 Coagulant solubility diagrams for Al(a) and Fe(III)(b) species (after Amirtharajah and Kirk, 1982;
Johnson and Amirtharajah, 1983). Research zone highlighted by hatching.

Results and discussion

As was mentioned above, 2 types of model wastewater (soft and hard) with different
concentration of components have been used for all experiments. Figure 2 shows the results
of the jar tests with ALS coagulant while constant pH during coagulation.
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Figure 2 ALS jar test results in TSS (a), turbidity (b) and ortho-phosphate (c) removal efficiency for soft (1) and
hard (2) wastewater types with 3 contaminant concentrations: low, medium and high. pH=7.

Results show that soft wastewater types require higher coagulant addition for effective
turbidity and TSS removal in comparison with hard wastewater types. For example, effective
turbidity and TSS removal for soft wastewaters require addition of 0.50-1.00 mmol Al/,
while effective orthophosphate removal requires 0.50-1.25 mmol/l of Al for ALS coagulant.
At the same conditions, hard wastewaters require 0.25-0.75 mmol/l Al for TSS and turbidity
removal and 0.50-1.0 mmol/l Al for effective orthophosphate removal. Probably decreasing
amount of coagulant to rich desired purification rate is influenced by the presence of Ca®*
ions, which enhance the coagulation process by double layer compression (O'melia, 1989).
Almost the same trends have been observed for PAX-18 and PIX-313 coagulants. Thus,
based on obtained results 1 mmol/l equivalent dosage of Al has been selected for further
investigations as a near optimal dosage, 0.25 mmol/l Al — under- dosage and 2 mmol/l Al —
over- dosage.

Naturally, during coagulation process particles and aggregates have tend to growth until
the system will reach a steady state point. At equilibrium resulting flocs are stable because of
equal rate of aggregation and disaggregation processes. During steady state floc structure
could be reproducibly defined, as it is not vary significantly. Thus, to define a steady state
time, images of coagulation process were collected each 20 seconds during a slow mixing
period. Next, resulting set of images was processed and GLCM texture parameters have been
obtained. Further, the statistical relationships between GLCM texture parameters and time
have been performed using Principal Component Analysis. Fig. 3 shows the scores response
of the first principal component (PC1) of GLCM image texture features as a function of time
during coagulation process (slow mixing period).
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Figure 3 Response of PC1 GLCM texture parameters as a function of slow mixing time: ALS; 0.25 mmol/l;
Low Soft wastewater type.
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Analysis of fig. 3 shows that at first images structures are tend to change until the steady
state region is reached in 250-400 seconds (in overall for all wastewater types and
coagulants). Further, it tends to show the stability of GLCM texture parameters of images,
thus, it proves the certain level stability of flocs structures after some time of slow mixing.
This time interval have been used in further research for various coagulant dosages. It should
be noted, that obtained results are in a good agreement with the previous studies (Sivchenko
et al, 2013), where the results were obtained by analyzing physical dimensions of particles
and using Angle Measure Technique (AMT) for images during coagulation process. Hence,
GLCM texture analysis of floc images obtained during coagulation process can be used as a
tool for prediction of image texture structure. Assuming that floc features at optimal dosages
are unique, this technique potentially could be used to predict the optimal coagulant dosages.

To verify this hypothesis, further investigations of GLCM texture features for optimal
coagulant dosages and different wastewater types were conducted. Resulting images of flocs
for ALS coagulant and medium soft model wastewater type at the same coagulation time are
shown in fig. 4.

Even without image analysis it could be concluded that there is a strict difference between

obtained images. In order to find statistical relationships between GLCM texture parameters
and coagulant doses PCA analysis for all wastewater types has been performed.

b) ©)

Figure 4 Floc images obtained by addition of 0.25 (a), 1.00 (b) and 2.00 (¢) mmol/l of Al: ALS; 400 seconds
after slow mixing started; medium soft wastewater type.
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Figure 5 Scores on PC1 and PC2 in PCA of GLCM texture parameters with different wastewater types
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Fig. 5 shows that the responses of PC1 versus PC2 of GLCM texture parameters are
located at 4 different zones of PCA scores graph. Most part of under- dosages are located at
negative PC1 and positive PC2 zone, while remaining part that locates at other regions is
more related to optimal dosage than to the under- dosage according to treatment efficiencies
results. Meanwhile, all optimal dosages are located at negative PC1 and negative PC2 zones.
At the same time over- dosages are located in positive PC1 and positive and negative PC2
zones. Thus, as different dosages are located in different regions of PCA graph, they can be
principally separated to 3 independent groups that corresponds to different coagulant dosages
based on PCA scores. In particularly, this allow to predict coagulant dosage based on analysis
of images obtained directly during coagulation process.

Conclusions

GLCM texture analysis is a promising technique for water and wastewater quality
monitoring. Based on obtained results it could be concluded that there is a strict correlation
between image GLCM texture features and physical parameters of flocs. Moreover, using
PCR or PLSR for GLCM texture parameters optimal dosages of coagulant could be
predicted.

Recommendation for further research

As observed correlations are not as clear for PAX-18 and PIX-313 coagulants more
detailed investigation with more than 3 dosages of coagulant should be performed. Next,
investigation on real wastewater should be performed in order to identify potential
application of this technique to wastewater quality monitoring.
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Abstract

Zirconium—manganese composite adsorbent was investigated for arsenic removal from drinking
water. The batch of adsorbent optimal dosage experiments was performed. The influence of
solution pH (from 4 to 10) on As removal by Zr-Mn adsorbent were investigated. The adsorption
kinetics of arsenic was investigated to determine the equilibrium time for adsorption process. For
both As(III) and As(V) the experimental data fitted pseudo-second-order model. The arsenic
adsorption capacity of Zr-Mn adsorbent was investigated by the equilibrium adsorption isotherm
study. According to the value of regression coefficients (R2) and due to low concentration of As
in initial solutions Henry model is more suitable for describing the adsorption behavior of both
As(V) and As(I1I). Maximum adsorption capacities calculated from the Langmuir equation are
16.8 mg/g for As(Ill), and 113.9 mg/g for As(V). The effect of presence of other anions, such as
SO4%, CO3* and CI- was investigated.

Keywords: Arsenic; zirconium—manganese composite adsorbent; adsorption; drinking water.
Introduction

Arsenic pollution in natural water is a worldwide problem and has become a serious
challenge for the world. Nowadays a number of countries faces this problem, among them are
USA, China, Chile, Bangladesh, Taiwan, Mexico, Argentina, India and others [1, 2]. Thus millions
of people are exposed to a huge health risk due to arsenics toxicity.

The arsenic contents in groundwater of different countries varies and may reach hundreds
(e.g. USA, Chile, Mexico) and thousands (e.g. Bangladesh, India, Argentina) pg As/l. The
maximum permissible concentration of arsenic in drinking water is 50 pg 1! and recommended
value is 10 pg I"! by Environmental Protection Agency and World Health Organisation [3].

Arsenic is listed as a hazardous material and is a suspect carcinogen, reportedly responsible
for lung and skin cancers. Arsenic poisoning can lead to skin lesions, hyper-keratosis, skin cancer,
liver disease, etc [2].

Arsenic exists in the environment in a number of valency states. The valency state of
arsenic plays an important role for its behavior and toxicity in the aqueous system. According to
National Academy of Sciences biologically, As(Ill) is considered more toxic than As(V). Trivalent
arsenic is about 60 times more toxic than oxidized pentavalent state. Inorganic arsenic compounds
are about 100 times more toxic than organic arsenic compounds [1-4].

Conventional arsenic removal technologies include coagulation, electro-coagulation,
membrane filtration, and adsorption, etc. The removal of As(IIl) is more difficult than that of
As(V). To achieve higher As(III) removal efficiency, treatment processes generally include a pre-
oxidation of arsenite to arsenate.

One of the most effective ways of arsenic removal is adsorption which can be used not only
in the industrial scales, but also in households. The last one is very important because mostly the
problem of arsenic polluted water occurs in the areas that don’t have centralized water supply
systems. Moreover with help of adsorption at same time can be removed both As(IIl) and As(V)
without pretreatment [5, 6].
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As sorbents for arsenic removal are often used an activated carbon, oxides and hydrated
oxides of metals. Many of them are not used in their pure form due to the low strength, low
selectivity to ions of As (III) or high price. Materials based on iron and aluminum oxides are
commonly used. But they have a fairly low capacitance towards arsenite and, in the case of iron,
low strength and resistance to aggressive environments, which reduces their areas of application.

Hydrated zirconium oxide has a unique selectivity towards multivalent anions (such as
arsenates, arsenites, phosphates, borates, carbonates, chromates, molybdates) due to hydroxyl-
hydrate cover and a positive surface charge. Furthermore, hydrated zirconium oxide is steady
against influence of acids, alkalis, oxidant and reductant, that favorably allocates it against the
background other materials for the arsenic removal.

For improving of sorption and physico-chemical properties of the adsorbents binary
compositions absorbents are used [4, 7].

1. Methods and materials

1.1 Materials

The zirconium-manganese ¢BoikuyTe was prepared according to the following
procedure: initial solution of salts (ZrOClz2, MnCl2) with concentration of metal C(Me) = 1M were
mixed with ions under molar ratio Zr:Mn=10:1. The mixture was heated to 100°C in the presence
of urea under molar ratio Me:CO(NH2)2 =1:3. The obtained sol was dropped into the double layer
solution (oil and alkali) to form a gel structure of wet adsorbents. The metal hydroxide grains were
washed with deionized water and dried at 200°C for 24 h.

The arsenic solutions were prepared with concentration around of 4 g/L.. Na2HAsO4x7H20
was used to prepare Arsenic (V) solution. NaxAsO2 was used to prepare Arsenic (III) solution.
Samples of contaminated water with different concentrations were prepared by mixing Arsenic
(IIT) and Arsenic (V) solutions with tap water.

1.2 Adsorption experiments

The batch of adsorbent optimal dosage experiments was performed in glass bottles
containing 250 mL of arsenic contaminated water and the dose of adsorbent: 0.05; 0.1; 0.15; 0.2;
0.25;0.3 g.

The samples were mixed for 18 hours on a magnetic stirrer at room temperature.

Adsorption isotherm studies were conducted. Initial solution concentrations varied from
100 to 300 pg/L. The experiment was performed due to the following procedure. In each sample
0.05 g of adsorbent was loaded in glass bottles and 250 mL of arsenic contaminated water was
added. The solutions were mixed for 18 h on a magnetic stirrer at room temperature.

To study the influence of coexisting anions to 250 mL of water samples with concentration
varying from 100 to 300 pg/L such anions as SO4>, CO3> and CI- were added. The concentration
of coexisting anions 1 mmol/L. The amount of adsorbent in each test was 0.05 g. The solutions
were stirred for 18 h at room temperature.

The kinetic study was conducted. In each test 0.05 g of adsorbent was loaded to a glass
vessel and 250 mL of water (concentration of arsenic 100 pg/L) was added. Water samples were
stirred for different time from 0.5 to 18 h.

In order to study the effect of pH on adsorption process the initial pH of water samples
(100 pg As/L) was adjusted by adding HC1 and NaOH in interval from 4 to 10.

1.3 Analytical methods

Mass-spectrometry method was used to determine arsenic concentration in water samples.
The samples were analysed on an Agilent 8800 ICP-MS mass-spectrometer.

The analysis in a mass-spectrometer gives the concentrations of total arsenic. So for
determination of As(III) and As(V) the following procedure was used. The samples of analysed
water (200-250 ml) were passed through an ion exchange column (Dowex 21K XLT Resin), As(V)
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is adsorbed by resin, and As(IIl) remains in the water. Thus two samples are taken for the analysis:
the sample taken before the ion exchange column gives the concentration of total arsenic in water,
and the sample taken after the ion exchange column gives the concentration of As (III). The
concentration of As(V) is determined by the difference between them As(tot) and As(III).

2. Results and discussion

2.1 Effect of adsorbent dose

As expected the arsenic removal efficiency grows as the amount of adsorbent increases.
Although the removal efficiency doesn’t change significantly: from 97.5% (mads= 0.05g) to 99.6%
(mads = 0.3 g) (fig. 1). Thus even the smallest amount of sorbent madss = 0.05g gives very high
efficiency and residual amount of total arsenic is 2.9 pg/L, which requires WHO standards for
arsenic concentration in drinking water.

For the further experiments the chosen adsorbent dose was 0.05 g.
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/ 500.0
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Figure 1. Effect of adsorbent dose on As removal.
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2.2 Effect of pH

The influence of solution pH (from 4 to 10) on As removal by Zr-Mn adsorbent were
investigated.

The effect of pH on the adsorption of As(IIl) and As(V) is shown in Fig. 2.

pH plays a significant role in adsorption processes, because the arsenic species and
properties of the adsorbents surface strongly depend on the water pH value [5, 7, 8].

It is evident from the graph that the highest removal was reached under pH<S.

As(IIT) and As(V) species could coexist during whole process due to redox reaction. At
pH >7.5 the adsorbent is positively charged and thus favorably attracts the dominant As(V),
contributing to the higher removal efficiency at this pH range.

pH value during the process did not change significant within initial pH from 6 to 8.
Removal percentage of As maintained above 95%. The residual content of total arsenic did not
exceed 4.6 pg As/L
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Figure 2. Effect of pH on As(V) and As(IIT) adsorption.

2.3 Kinetics of adsorption

The adsorption kinetics of arsenic was investigated to determine the equilibrium time for
adsorption process. Fig. 3a shows the change of adsorbed arsenic as a function of contact time.

Adsorption process could be divided into two steps. In the first step, the adsorption rate
was fast, and over 80% of the removal efficiency for both As(IIl) and As(V) was achieved within
1 hour, although the adsorption of As(V) happened more quickly than As(III).

After 12 hours removal efficiency was over 96 % for both As(III) and As(V). For both
As(IIT) and As(V) the experimental data fitted pseudo-second-order model, which indicates that
the adsorption process might be chemisorption.

Pseudo-second-order kinetic model was used to simulate the kinetics (Fig. 3b).

t 1 t 0
a, kaq’ q,’

k2 is the rate constant for pseudo-second order reaction (g/(mg min)); qe and qt are the
amounts of solute adsorbed at equilibrium and at any time t (mg/g), respectively [8].

The kinetics parameters are summarized in Table 1. The values of regression coefficients
(R2) show that the experimental data fits the pseudo-second-order model.

The value of ko for As(V) adsorption is higher than for As(IIl) adsorption under the same
experimental conditions, confirming that the removal of As(V) was faster than As(III) [§&].

Table 1 Kinetics parameters for As(V) and As(III) adsorption

ko
Qe [ng/g] [¢/(mg*min)] R2
A(IID), ng/g 271,7391 0,294483 0,9999
A(V), ng/g 317,4603 1,130125 0,9999
A(total), pg/g 588,2353 0,242653 0,9999
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Figure 3 Kinetics of arsenic removal

2.4 Adsorption isotherm

The arsenic adsorption capacity of Zr-Mn adsorb

ent was investigated by the equilibrium

adsorption isotherm study. Concentration of initial solution varied from 100 to 300 pg As(tot)/L.

The Henry, Langmuir and Freundlich models
isotherms (see Figs. 4 a, b, ¢), which are described by the

q=KC;
1 I
—_—— 4 =
9, 49,0 Co q,

Ing,= é InC,+InkK;

were used to describe the adsorption
following equations respectively:

(2)

(3)

(4)

where g. is the amount of arsenic adsorbed at equilibrium (mg/g), Ce. is the equilibrium
adsorbate concentration (mg/L), gmar and b are maximum adsorption capacity and adsorption

reaction constants, respectively, Freundlich constants K
adsorption intensity respectively [9, 10].

and //n are the adsorption capacity and
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Figure 4 Henry (a), Langmuir () and Freundlich (c¢) adsorption isotherms

The adsorption parameters calculated from the isotherms are presented in Table 2.
According to the value of regression coefficients (R2) and due to low concentration of As in initial
solutions Henry model is more suitable for describing the adsorption behavior of both As(V) and

As(IID).

Constants of adsorption for As(Ill) and As(V) differ insufficiently, which means that for
both As(III) and As(V) adsorption process runs the same way.
Maximum adsorption capacities calculated from the Langmuir equation are 16.8 mg/g for
As(IIT), and 113.9 mg/g for As(V).

Table 2 Henry, Langmuir and Freundlich adsorption isotherm parameters

) Lengmuir model Freundlich model Henry model
As species
qm, mg/g b R2 k n R2 k R2
As(t) 76,68712 | 0,0639206 1 0,7108 | 1,01215 1 4,8047 1
As(I1I) 16,80672 | 0,2940304 | 0,9999 | 0,7357 | 1,02881 | 0,99986 | 4,7315 | 0,9997
As(V) 113,8952 | 0,0428613 | 0,9999 | 0,688 1,001 0,9999 | 4,8621 1
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2.5 Effect of coexisting anions

In natural water several components might exist, which could compete with As for the
available adsorption sites or interact with As itself and thus decrease the arsenic removal
efficiency.

The effect of presence of other anions, such as SO4>, CO3* and CI- at concentration of
anions 1 mmol/L was investigated. The results are presented at Fig. 5.

As removal efficiency decreased insufficiently. Although Carbonate anion had greater
influence on adsorption process, especially adsorption of As(V) in comparison with Sulfate and
Chlorine anions which might be caused by the competition between the carbonate and arsenic for
the binding sites of the adsorbent [8, 11].

R, % R, %
100 As(I1T) 100 As (V)
96 - 96 -
92 - 92
88 - ]8 -
84 - {4
80 - - - 80 . ; ; .
0 50 100 150
As, ngle 0 50 As%?tog/g 150 200
a b
R, %
96 -
92 A
88 -
84 -
80 T T ;
0 100 200 300
As, ng/g
—B—As —0—As+CO3 —A&— As+S04 —o— As+Cl

C
Figure 5 Effects of coexisting anions on As(V) (a), As(IIl) (b) and total arsenic (c)removal

3 Conclusions

Zirconium—manganese composite adsorbent was investigated as for arsenic removal from
drinking water. Mass-spectrometry method was used to determine arsenic concentration in water
samples. The samples were analysed on an Agilent 8800 ICP-MS mass-spectrometer.

The batch of adsorbent optimal dosage experiments was performed in glass bottles
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The influence of solution pH (from 4 to 10) on As removal by Zr-Mn adsorbent were
investigated. The highest removal was reached under pH<5. Removal percentage of As maintained
above 95%. The residual content of total arsenic did not exceed 4.6 ug As/L

The adsorption kinetics of arsenic was investigated to determine the equilibrium time for
adsorption process. Over 80% of the removal efficiency for both As(IIl) and As(V) was achieved
within 1 hour, although the adsorption of As(V) happened more quickly than As(III). For both
As(IIT) and As(V) the experimental data fitted pseudo-second-order model, which indicates that
the adsorption process might be chemisorption. The value of k2 for As(V) adsorption (1,13
g/(mg*min)) is higher than for As(IIl) adsorption (0,29 g/(mg*min)) under the same experimental
conditions, confirming that the removal of As(V) was faster than As(III).

The arsenic adsorption capacity of Zr-Mn adsorbent was investigated by the equilibrium
adsorption isotherm study. The Henry, Langmuir and Freundlich models were used to describe the
adsorption isotherms. According to the value of regression coefficients (R2) and due to low
concentration of As in initial solutions Henry model is more suitable for describing the adsorption
behavior of both As(V) and As(III).

The effect of presence of other anions, such as SO4%, CO3% and CI- at concentration of
anions 1 mmol/L was investigated. Arsenic removal efficiency decreased insufficiently. Although
Carbonate anion had greater influence on adsorption process, especially adsorption of As(V) in
comparison with Sulfate and Chlorine anions.
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AHHOTAIUA

HupxoHuii-mapraHieBblii KOMIIO3UTHBIN COPOEHT OB MCCIEI0BAaH B KAueCTBE acOpOeHTa IS
ylaJeHus MbllIbsiIkKa W3 NHUTheBOW BoAbl. [lpoBeneHa cepusi OMBITOB Ui ONpPEEICHUS
ONTUMabHOU J03bl ajcopOeHTa. beuto uccnemposano Bnusaue pH pactBopa (ot 4 mo 10) Ha
3(QPEKTUBHOCTh yJANEHUsl MBbIIIbIKAa C MOMOIbI Zr-Mn ancopOeHta. bwina uccienoBana
KUHETHKH a/ICOPOLIMU MBIIIbsIKA JUIS ONpPEIENCHHS BPEMEHH YCTAHOBJCHUS PaBHOBECHS IS
nporecca ajacopOuun. OkcrepuMeHTaibHble naHHble As (III) m As (V) cooTBercTBYIOT
noJ00paHHON MOJIENH TICEBI0-BTOpOro mopsiaka. OmnpeneneHa aacopOnMOHHAs eMKOCTh Zr-Mn
ajicopOeHTa IyTeM TMOCTPOCHHS U HCCIeNOoBaica u30TepMbl ancopOuun. [lo Benmmumne
ko3 pumenToB perpeccuu (R2) ¥ u3-3a HHU3KOW KOHIICHTPAIIMM MBIIILIKA B HCXOJIHBIX
pacTtBopax mozens ['eHpu OoJjbllie MOAXOIUT AJI OMHCAHUS TOBEACHHS aJCOPOIUHN Kak s
As(V), tak u aiis As (111). MakcumanbHas ancopOLIUuOHHAs €MKOCTb, pACCUUTAHHAS U3 yPAaBHEHUS
Jlenrmiopa, cocrasisiet 16,8 mr/t mist As (I11), 1 113,9 mr/t anst As (V). Taxoke Obl10 Mcciie0BaHO
BIIMSIHUE TIPUCYTCTBUS JPYTUX aHMOHOB Ha Mpoliecc aacopouuu, takux kak SO4>, CO3* u CI-.

KaroueBble cjoBa: MBbIIbSIK, IMUPKOHUH-MapTaHIEBbIii KOMITO3UTHBIA COPOCHT, aJcopOrws,
MUTbEBas BOJA.

1. Beegenue

3arps3HEHUE TPUPOJHONW BOABI MBIIIBIKOM SIBIsIETCS mpoOiemMoil Bo Bcem wmupe. B
HACTOsIIIee BPEeMsi MHOTHE CTPAHbI CTAJIKUBAIOTCA C 3ToW mpobiemoit, cpean aux CLUA, Kurait,
Uwmu, banrnanem, TaiiBans, Mekcuka, Aprearnna, Uuaaust u apyrue [1, 2]. Takum oOpasom,
MUJJTMOHBI JIFO/IEH MTOABEPTatOTCsl OTPOMHOMY PUCKY ISl 310POBBS M3-32 BBICOKOW TOKCUYHOCTH
MBIIIBSKA.

CopepxaHue MBIIbSIKA B TPYHTOBBIX BOJIaX pa3HBIX CTPaH BapbUPYEeTCS U MOMKET
nocturarh coteH (Hanpumep, CHIA, Ynnm, Mekcuka) u Toicsiy (Hanpumep, banrnanent, Muanus,
Aprentuna) MKr As/a. IlpenenbHo nomycTHMasi KOHLEHTpaLUsl MbIIIbSKAa B NUTHEBOH BOJE
cocrapnsier 50 Mkr/n. Pekomenmyemoe ATEHTCTBOM Mo oxpaHe okpyxkaromed cpeasl CIIA u
BcemupHoti opranuzarueii 31paBooxpaneHus 3HaueHue cocranisier 10 mkr/mn [3].

MBIIIbSK BHECEH B CIIMCOK OMACHBIX MATEPUAJIOB M SBJISIETCS KaHIIEPOT€HOM (TIPUBOJUT K
paky Jerkux u Koxu). OTpaBieHHME MBIIBSIKOM MOXKET IPUBECTH K MOPAKEHUSIM KOXKH,
THIIEPKEePATO3y, PaKy KOKH, 3a00JIeBaHUSAM TIEYSHH U T.1. [2].

MpIBSK CyIIeCTBYeT B HECKOJBKHX BAJIEHTHBIX COCTOSIHUSX. BajJeHTHOCTb MbIIIbsIKA
WUTpaeT BAaXHYIO pOJIb B €ro IMOBEJEHHE W TOKCHYHOCTh B BOAHOH cucreme. CoriacHo
Hammonanproit akagemun Hayk CLHA, As (III) cumrtaercs Gonee TokcmuHbIM, deM As (V).
TpexBaneHTHBIN MBIIIBIK B 60 pa3 Oojiee TOKCHUHBIN, YeM MATUBAJICHTHbIN. Heopranuueckue
coennHeHus MbItbsika B 100 pa3 Oosiee TOKCHUHBL, YeM opranudeckue [1-4].

TpaaAuLIMOHHBIMU TEXHOJOTHSIMU YAAJICHUS MBIIIbSKA, SBISIOTCS: KOAryJIALMsl, JIEKTPO-
KoaryJisiusi, MeMOpanHasi GuibTpanus, aacopouus u np. Yaanenue As (IIl) sBusiercs Gonee
cnoxHbM, 9eM As (V). Jlns noctmwkenus 6onee Boicokor dddextuBHocTH ynanenus As (I11),
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MPOIIECCHI OUUCTKU OOBIYHO BKJIIOYAIOT B ce0s CTAMIO MIPEABAPUTEIHHOIO OKHCICHUS apCEHUTA
B apceHar.

Opnanm n3 Haubonee Y3PPEKTUBHBIX CIIOCOOOB YAAJICHUS MBIIIbSIKA SBISIETCS aACOpOIHs,
KOTOpasi MOKET OBITh MCTIOIH30BaHa HE TOIBKO B MPOMBIIIIICHHBIX MAaCIITa0ax, HO M B JOMAITHUX
xo3stiicTBax. [locnennuit GpaxTop sIBIsIeTCS OYEHb BaXKHBIM, IOTOMY YTO B OCHOBHOM Ipobiiema
MBIIIbsIKA 3arPsI3HEHHBIX BOJI BO3HHKAET B pallOHaX, HE MMEIOUINX IICHTPATH30BAHHBIX CUCTEM
IMUTHEBOTO BoJOCHaOkeHusA. Kpome Toro ¢ momomuipio agcopOuuu B 0OJHOBPEMEHHO BO3MOKHO
yaanenue kak As (III), rak u As (V) 6e3 mpensaputensHoit 00padboTku [5, 6].

B xauecTBe cOpOEHTOB AJIs yAAJIECHUS MBIIIbIKA YAaCTO MCIIOJIb3YIOTCS aKTUBHUPOBAHHBIN
yroJib, OKCUJBI U THUAPATHPOBAHHBIE OKCHJBI METaUIOB. MHOTME M3 HUX HE HCHOJIb3YIOTCS B
YHCTOM BHJIC M3-32 HU3KOH MPOYHOCTH, HU3KOW CENIEKTUBHOCTH B 0THOIIEHWH HOHOB As (I11) nmm
BBICOKOW cToMMOCTH. OOBIYHO MCHOJIB3YIOTCS MaTepHalibl, OCHOBAHHBIE HAa OKCHJAX JKejie3a U
amoMuHus. Ho OHM HMEIOT JOCTaTOYHO HU3KYIO EMKOCTH IT0 OTHOIICHHIO K apCEHHUTY, a B CIydae
xKernesa, 001aJaroT HIU3KOW MPOYHOCTBIO M CTOMKOCTBIO K BO3ICHCTBUIO arpECCUBHBIX CPE, UTO
CHI)KAeT UX 00J1aCTH MPUMEHEHUS.

['mapaTupoBaHHBINA OKCHJ] IMPKOHUS HMEET YHUKAILHYIO CEJIEKTUBHOCTH TI0 OTHOIICHUIO
K MHOTOBAJCHTHBIM aHHMOHAM (HampuMep, apceHaram, apceHutam Qocdaram, OopaTam,
kapOoHaTaMm, XpomaraMm, MoyuOIaTaM) 3a CYeT TIMIPOKCHI-TUAPATHOTO TIOKPHITUA U
MOJIOKUTEIBHOTO MOBEPXHOCTHOrO 3apsina. Kpome Toro, rugpaTHpOBaHHBIA OKCH]l IIUPKOHHUS
YCTOMYMB K BO3JCHCTBUIO KHUCIOT, LIENOYEH, OKUCIUTENEH U BOCCTAHOBUTENEH, YTO BBITOJTHO
BBIJICJISET €ro Ha (JOHE APYTUX MaTepHajIoB JJIS YAaJCHUS MBIIIbsKA.

Jlnst  ynmydiineHusi  COpPOIMOHHBIX W (PU3UKO-XUMHUYECKHX CBOWCTB  aJICOPOCHTOB
UCTIONB3YIOT OMHApHBIE KOMITO3UTHBIE COCTaBHI [4, 7].

2. MeToabl 1 MaTepHAJIBI

2.1 Mamepuanuo!

CopOeHT ObUT CHHTE3UPOBAH CIIEYIOIIUM CIIOCOOOM: UCXOAHBIN pacTBop colielt (ZrOCl,
MnClz) ¢ xonnenrpauueit meraiuia C (Me)=IM cMmemmBaOT Npu MOJSPHOM COOTHOLICHUU
Zr:Mn = 10:1. Cwmecy HarpeBator g0 100°C B mOpuCYyTCTBUM MOYEBHMHBI IPHU MOJISIPHOM
cootHomieHn Me:CO(NH2)2 = 1:3. Ilonydennslii B pe3yibTare 30i1b 100aBISIOT M0 KaIUIIM B
JBYXCIIOWHBIA pacTBOp (Macio ¥ IIEN0Yb), Uid (HOPMUPOBAHHS TeleOO0pa3HOW CTPYKTYPBHI..
['panynbl THAPOKCHIA METaIa MPOMBIBAIOT JIEMOHU3UPOBAHHOM Bojoi u cymrfn mpu 200°C B
TedeHue 24 u.

PacTBOpHI MBIIIbAKA ObLIM IPUTOTOBICHBI ¢ KoHLeHTpauuei 4 r/nv’. NaxHAsO4x7H20
UCTIONIb30BANICS Ul NPUTOTOBJIEHUS] PACTBOpA ISTUBAJIEHTHOIO Mbllibska, a NaxAsO2 — s
TpexBajieHTHOro. OOpa3ubl 3arpsa3HEHHOW BOJBI C HEOOXOOUMBIMH  KOHLIEHTPALUSMU
MPUTOTOBJIEHBI ITyTEM CMELIMBAHUSA UCXOHBIX PACTBOPOB C BOJOIPOBOIHOM BOJOH.

2.2 Dxcnepumenmbl

[TpoBenena cepust SKCIIEPUMEHTOB JUISL ONPEAEIICHHs] ONTUMANIBHON J103bI aIcopOeHTa: B
CTeKIITHHBIX OaHkH, cogepkamme 250 M1 3arpsA3HEHHON MBIIIBIKOM BOJBI 3arpysKain
HeoOxouMyto 1103y ajcopoenra: 0,05; 0,1; 0,15; 0,2; 0,25; 0,3 r. OOpasisl nepeMENIBAIIUCH B
TedyeHue 18 4acoB Ha MArHUTHOW MeIIaJIKe P KOMHATHON TeMIepaType.

bbutn  mipoBeieHBI  WICCIEOBAHUST M30TEPMBI  ancopOrmu. VcXomHble KOHIEHTpAIHU
pactBopoB BapbupoBaiguch oT 100 mo 300 MKr/a. DKCIIEPUMEHT TPOBOIMIICS CIETYHOIINM
obpazom: 0,05 r agcopOeHTa MOMENIAIOT B CTEKIISTHHBIC OaHKH | 3a7TMBat0OT 250 M1 3arpsi3HEHHOM
MBILIBSIKOM BOJbl. PacTBOpBI mepeMenmBaiich B TedeHUEe 18 4 Ha MarHUTHOHM Meianke mpu
KOMHATHOM TeMIepaType.

JIist i3yueHus BIMSIHAS COCYIIECTBYIOIINX B BOJIE aHUOHOB B MPOOBI BOJBI 00beMoM 250
M ¢ KoHunenrpaunuein or 100 mo 300 mxr/m Obuin moGaienbl anuoHbl SO+, CO3> u CI-.
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KonrneHTpaiusi cocyIecTByomux aHuoHoB 1 mmonb/i1. KonmdecTBo ajcopOeHTa B KaXIOH
npobe 0,05 r. PacTBopsl mepemMenmuBaoT B Te4eHHE 18 4 Mpu KOMHATHOW TeMIlepaType.

Beuto mpoBesieHO KMHETHYECKoe uccienoBanue. B kaxaom ombite 0,05 r agcopOeHTa
3arpyXajii B CTEKISIHHBIM cocyd W n00aBisimn 250 M uccienyemMoil Bonbl (KOHIEHTpaUu
Mbimbsika 100 mxr/i). [IpoObl BoAbl IepeMennBaioT B TeUEHUE pa3inuHoro Bpemenu: ot 0,5 1o
18 u.

C nenbto uzydenus Bimusausg pH Ha nporece agcopOiuu B ipodax Boasl (100 mMxr As/i)
obvemom 250 M perynmpoBalv HadanbHOe 3HaueHue pH B mHTepBasie or 4 mo 10 myTem
no6asnenust HCI u NaOH.

2.3 Ananumuyeckue memoowl

CopepxaHue MBIIIbIKA OMPEACISIOCh TP TIOMOINM Macc-CIEKTPOMETpun  (Macc-
cnektpometp Agilent 8800 ICP-MS).

JlanHbIl aHamu3 jaet odmee copepxanne Mbiiibsika B Bogae (As(IIl) + As(V)). ITostomy
U OTIPEJIENIEHHs] KOHIIEHTPAIMK MOHOB HE00X0oqumo nponyctuth 200-250 cM?® uccremxyemoro
oOpasma BoaBl yepe3 MOHOOOMeHHYI0 KoJIoHKY (cmosia Dowex 21K XLT). Ilpu stom As(V)
copoupyetcst cmonoit, a As(I1I) ocraercs B pactBope.

Takum o0pazoM, MONYyYarOT JiBa 00pasiia JAJisl aHalIM3a Ha MacC-CIIEKTPOMETpe: OJIMH J1acT
obmiee cojepkaHue MbIbsika As(tot) (10 noHHOro odOmena), Apyroil — coaepxkanue As(III)
(mocne nonnoro oomena). Konnenrparus As(V) onpeaensieTcs Mo pa3HHIIE:

As(V) = As(tot) — As(IID).

3. Pe3yabTaTsl

3.1 Brusinue 003b1 adcopboenma

O¢dexkTuBHOCTS ylaleHUs] MbIIIbSIKAa BO3pacTaeT C yBEJIUYEHHEM KOJMYECTBA
ancopbenta. Xots 3QPEeKTUBHOCT yaaneHusl U3MEHSETCS HEe CYIMECTBEHHO: OT 97,5% (Mage =
0,05 r) 1o 99,6% (maxe = 0,3 1) (puc. 1). Takum oOpa3zom, Ja’ke HaMMEHbIEE KOJIUYECTBO
copbeHTa mazxc = 0,05 T oOecrmeuynBaeT OYEHH BBICOKYIO CTENEHb OYHCTKH, a OCTaTOYHOE
coJiepKaHue OOIIEero MBIIIbsIKA COCTABIAET 2,9 MKI/JI, 9YTO COOTBETCTBYeT cranaapraM BO3 mno
KOHIIEHTPAIIUH MBIIIbSIKA B MUTHEBOM BOJIE.

Jnis manpHEHIIMX SKCIIEPUMEHTOB BhIOpaHa j103a ancopoenta 0,05 T.

Crenenn qe,
yaasieHus, MKT/T
%
600.0
100.0 T AT, S B
/' 500.0 -
80.0 1 |
s/' =4=Rem As(t),% 400.0 1 =¢=Total
6001 f ——Rem As(l11),% 300.0 - ——As(lll)
40.0 - Rem As(V),% 200.0 As(V)
20.0 - 100.0 + i
-‘;~' \
0.0 '.V T T T T T 1 O'O ! ' ! ' ' I
0 0.05 01 0.15 02 0.25 03 0 005 01 015 0.2 025 03
Jlo3a ancopbenra, r Mo3a axcopGenra, r

P]([CyHOK 1. Bnusinue 10361 az(cop6eHTa Ha CTCIICHb YAAJICHUS MBIIIbsKA.
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3.2 Bausinue pH

beuto nccnenosano Bhusinue pH pactBopa (ot 4 mo 10) Ha 3ddekTuBHOCTL yaaneHus
MBILIbsIKa ¢ OMOLIBIO Zr-Mn agcopOeHTa.

Bnusiaue pH Ha ancop6umio As (I11) u As (V) nokazano Ha puc. 2.

pH urpaer BaxxHy10 posib B aJICOPOLIMOHHBIX MPOILIECCOB, TaK KaK CBOWCTBA MOBEPXHOCTH
aJIcOpOCHTOB M TO, B BHJI€ KAKOT'O COEAMHEHHS NMPHUCYTCTBYET MBIIIBSIK, CHIIBHO 3aBHCHUT OT
BenuuuHbl pH BogwI [5, 7, 8].

Kak BugHO 13 rpaduka, camasi BHICOKas CTETIeHb OYUCTKHU OblIa qocTUrHyTa mpu pH < 5.

As(II) u As(V) MOryT cocyllecTBOBaTh B pacTBOpPE B TEUEHHE BCErO IMpOLEcca 3a CUeT
OKHCITUTEIhHO-BOCCTAHOBUTEIBHBIX peakiuii. [lpu pH > 7,5 moBepxHOCTH ajacopOeHTa
MOJIOKUTENBHO 3apshKeHa M, TaKuM 00pazom, IpHBIEKaeT ToMHHUpYomue noHsl As (V), 4to
crocoOCTByeT 0osiee BEICOKOH A PEKTUBHOCTU yJaJIeHHsI B 3TOM JIuana3oHe pH.

3nauenne pH B mpolecce CylecTBEHHO HE W3MEHseTcs Mpu HadaidbHoM pH ot 6 1o 8.
Crernenb ypaneHus Mbliibsika Beimie 95%. OctaTrouHoe cojiepskaHue OOIIEro MBIIIbIKA HE
npesbimaet 4,6 MKT As /1t

As, MKI/21 R, %

3.5 - 100.0 -

3.0 - == As(III), pg/l == As(III), pg/l
99.0 -

2.5 - == As(V), pg/l == As(V), pg/l

2.0 - 98.0 A

1.5 1 97.0 -

1.0 -
96.0 -

0.5 1

0.0 T T T T T 1 95-0 T T T T T 1

4 5 6 pH 7 8 9 10 4 5 6 pH7 8 9 10

Pucynok 2. Bausuue pH na ancop6rmto As(V) u As(I1).

3.3 Kunemuxa aocopoyuu

HccnenoBana KWHETHKA ancopOLUM MBIIIbSIKA C IEJIbI0 ONPENENICHUs BpPEMEHU
YCTaHOBIICHHS PaBHOBECHs UIS Tporecca aacopOmmu. PucyHok 3a moka3piBaeT H3MEHEHHE
KOJINYECTBA aJICOPOUPOBAHHOTO MBIIIbSIKA B 3aBHCUMOCTH OT BPEMEHHU KOHTAKTa.

[Mporecc aacopOmMy MOKET OBITH pa3/ielieH Ha JBa dTama. Ha mepBoM 3Tame CKopocTh
azicopOLMu BBICOKA, U B TeueHue 1 yaca Oblia 1oCcTUrHyTa 3)()EKTUBHOCTD yIaNeHUs sl 000UX
As (II) u As (V) 6osiee 80%, xoTs ancopoumst As (V) npousonuio 6sictpee, uem As (III).

[Tocne 12 gacoB addexkTuBHOCTH ynanenus Obuta 6onee 96%, kak miast As (1) u As (V).
Just o6oux As (III) u As (V) skcrniepuMeHTaIbHbIC JaHHBIE COOTBETCTBYIOT MOJIENHN TICEBIO-
BTOPOTO TOPSIIKA.

Kunernyeckass MoJeNlb MCEBIO-BTOPOTO MOPSAIKA Ul MOJCIUPOBAHUS KUHETUKH (pHC.
30).

t 1 t
—=—+—, (1)

q, kaq’ q,

k2 — KOHCTaHTa CKOPOCTH PEAKIMH TICEBAO-BTOPOrO Mopsaka (I/(MC MUH)); ge U §r —

KOJIMUECTBO BEIIECTBa, aJCOPOMPOBAHHOTO B MOMEHT paBHOBECHS, U B Jt000e BpeMmsi ¢ (MI/T)
COOTBETCTBEHHO [8].
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[TapameTpsl KMHETHKH TpUBEAEHBI B Tabuune 1. 3HaueHus Kod(pPUIHUEHTOB perpeccuu
(R2) moka3bIBaloT, YTO 3KCHEPUMEHTANIbHBIE JAHHbIE COOTBETCTBYIOT MOJENN MCEBIO-BTOPOIO
Topsi/IKa.

3navenue k2 mia ancopbumn As (V) Beime, gem ais agcopommu As (III) mpu tex ke
AKCIIEPUMEHTAJILHBIX YCIOBUSAX,. ITO TOBOPUT O TOM, 4TO yaasieHue As (V) Obuto ObIcTpee, ueM

As (110) [8].

Tabauna 1 Kunernyeckue napamerpst agcopounu As (V) u As (I1I)

k>
qe [ug/g] [¢/(mg*min)] R2
A(ID), ug/g 271,7391 0,294483 0,9999
A(V), ng/g 317,4603 1,130125 0,9999
A(total), ug/g 588.,2353 0,242653 0,9999
R, % t/qt
100.0 O
; el —— 4.0 == As total
— = As(V)
80.0 11
60.0 -
‘ =—Rem 2.0
40.0 1 As(1),%
| —-Rem
20.0 1 As(V),% |10
0.0 "‘ T T T T 0.0 T T T T T
0 250 500 750 1000 0 200 400 600 800 1000
t, MUH t, MUH

Pucynok 3. Kuneruxa aicopOLuy MbIIIbIKa

3.4 Uzomepma adocopbyuu

AncopOnmonHasi eMkocTh Zr-Mn ajicopOeHTa ompejieiicHa MyTeM HU3YUYCHHs] H30TEPMbI
agcop6umu. Konnentpanus ucxoaaoro pacrsopa usmensuiach ot 100 o 300 Mxr As/m.

Mopenu I'enpu, JIearmropa u @peitHinxa ObITH UCTIOIB30BaHBI JIJISI OTTUCAHUS H30TEPMBI
ancopbruu (cM. puc. 4 a, 0, B), KOTOpPbIE ONMUCHIBAIOTCS CIICAYIOMUMH YypPaBHECHUSMU
COOTBETCTBEHHO:

q=KC; )
L. L, 3)
9, 4,0 Ce g,
Ing,=*InC,-+InkK; 4)
rae ¢e — OTO KOJIMYCCTBO MbIIIbsKA, aI[COp6I/IpOBaHHOFO B PpaBHOBECHUU (MF/F),

C. — paBHOBECHas KOHIIEHTpaIus ajcopbata (Mr/n), gmax 1 b — MakcUMaabHOE aJCOPOIMOHHAS
€MKOCTh W KOHCTaHTa aJICOpPOIMU, COOTBETCTBEHHO, KOHcTaHTta @pelinmmuxa K u I/n —
a7IcOpOIIMOHHAS CITOCOOHOCTh M HHTEHCUBHOCTD a7cOpPOIIMU COOTBETCTBEHHO [9, 10].
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q, MKTI/T

1800 -
1600
1400 _
1500 y—4.8(§127241r4.1551 As total
1000 y=4.7315x+4.527] = As(III)
800 R2=0.9997
600 y=4.8621x - 0.3393 As(V)
400 R =1
200
0 ' ‘”” T T T 1
0 100 200 300 400
C, MKT/JI1
a
1/q
0.0045 -
0.004 A
0.0035 -
0.003 A _
0.0025 - y=0.204x + 1E-05 ~—AS
0.002 - . R2=1 total
0.0015 - o o y =0.2024x + 6E-05 —#=As(1II)
00011 2 — %048 2 5E-06
0.0005 - Y= e OX9 099 As(V)
0 T T T T - 1
0 0.005 0.01 0.015 0.02 0.025
1/C
o
Igq
33 -
3.1 -
2.9 -
y =0.9886xX + 0.7108 —4=As
2.7 1 R2= 1]
y=0973x + 07358 ol
2 | R~ 09 = As(I1I)
: y =0.9993x + 0.688
23 T T T T R2 — 099|99 AS(V)
1.6 1.8 2.0 2.2 2.4 2.6
IgC
6

Pucynox 4 Nzorepmsr ancopbuuu ['enpu (a), Jlenrmiopa (0) u @pelinmxa (B)

[TapameTpsl aicopOIMHU, pacCUUTAHHBIE UCXOJIS U3 U30TEPM, MIPECTABICHBI B Ta0IHIIE 2.
ITo Bemmumne kodddunmentoB perpeccun (R2) m m3-3a HU3KOH KOHIIEHTPAIMK MBIIIBSIKA B
MCXOJIHBIX PAacTBOpax MOAeTh [ eHpu OOoJbIIe MOIXOANUT JIJIsl ONMUCAHUS MOBEICHUS a1COpOIHN

As(V) u As(III).
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Koncrantsr ancopouuu As (II) u As (V) pa3nuyaioTcsi HeCylIIeCTBEHHO. DTO 03HAYaeT,
gro st As (III) m As (V) npouecc aacopOiun mpoTeKaeT OJMHAKOBO.
MaxkcumanbHble ancopOIMOHHAs €MKOCTh, pPacCUMTaHHAs W3 ypaBHeHHsS JIeHrmiopa

cocrasisieT 16,8 mr/t must As (III) u 113,9 mr/r gnst As (V).

Ta6aunua 2 [Tapamerps! uzorepm agcopOiun ['en

pu, JIenrmropa u @pelHmxa

As species Mogens Jlenrmiopa Mogaenp @pelinanuxa Monens
qm, mg/g b R2 k n R2 k R2
As(total) | 76,68712 | 0,0639206 1 0,7108 | 1,01215 1 4,8047 1
As(I1T) 16,80672 | 0,2940304 | 0,9999 | 0,7357 | 1,02881 | 0,99986 | 4,7315 | 0,9997
As(V) 113,8952 | 0,0428613 | 0,9999 | 0,688 1,001 0,9999 | 4,8621 1

3.5 BausiHue cocywecmsayiouux aHuoOHO8

B mpuponHoii BOAE MPHUCYTCTBYET MHOTO KOMIIOHEHTOB, HEKOTOPHIE M3 HHUX MOTYT
KOHKYPHPOBATH C MBIIIBSIKOM 32 JIOCTYITHBIE MECTa aJJCOPOIINH WIIA B3aUMOACHCTBOBATH C CAMHUM
MBIIIBSIKOM M, TAKUM 00pa3oM, CHIKATh 3P PEKTUBHOCTD YIaICHHUS MBIIIbSIKA.

HccrnenoBano BIAMSHKUE MIPUCYTCTBUS JAPYTHX aHMOHOB, Takux Kak SO4>, CO3* u Cl npu
KOHIICHTPAIIMK aHKOHOB | MMOJIb / J1. Pe3ynbTarhl mpeacTaBieHbl Ha puc. S.

D¢ hekTUBHOCTH yaNeHusl MbIlIbsIKa CHU3UIACh HE3HAYUTENbHO. XOTsI KapOOHAT-aHUOH
oKa3aJl Oosbliee BIMSIHUE Ha Ipolece aacopouuu, ocooeHHo As (V) o cpaBHEHHIO ¢ aHMOHAMU
cynbdara u xj10pa. IT0 MOKET OBITH BEI3BAHO OOPH0O0I 32 IIEHTPHI aICOPOIIMH MEKIAY KapOOHATOM
1 MOHAMH MbIIbska [8, 11].

R, % R, %
160 As(IIT) 100’1 As (V)
96 96 -
92 92 -
88 88 -
84 ’4 A
80 T T 1 80 T T T 1
0 50 100 150 0 50 100 150 200
As, MKT/T As, MKT/T
a b

R, %

100 As (t)

96

92

38 —m—As
i —e— As+CO3
84 —A— As+SO4
—o— As+Cl
80 T T T
0 100 200 300
As, MKT/T
8

Pucynok 5 BimsiHue cocyniecTByOIMX aHHOHOB Ha creneHs yaaneHus As(V) (a), As(II) (6), obuiero mplmibsika ().
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4. BeIBOABI

[{upkoHMIi-MapTraHeBblii KOMITO3UTHBI COpPOEHT OBUI HCCIIEOBAaH B KadecTBE
aJicopOeHTa TSl yIaIeHUs] MBIIIbSKA U3 IUTHEBOW BOJIBI.

[TpoBeneHa cepusi SKCIEPUMEHTOB JUIsl OTIPENIEICHUSI ONTHMAaJIbHOM 1103BI aJICOPOCHTA.
Uccnenoano Baustnne pH pactBopa (oT 4 m0 10) Ha 3pdeKTUBHOCTD yAaneHHs] MBIIIbIKA C
noMoteio Zr-Mn agcopoenta. Camasi BRICOKasi CTEIIeHb OYUCTKHU OblIa JOCTHTHYTa pu pH < 5.
Crernenb ypaneHusi Mbliibsika Beimie 95%. OcrarouHoe cojiepskaHUe OOIIEr0 MBIIIbIKA HE
npesbinaer 4,6 Mkr As/n. MccnegoBana kuHeTHKa aacopOlmMM Mblmbsika. B Teuenue 1 yaca
agcopoupoBano 6onee 80% As (II) u As (V), xots aacop6us As (V) mpouuia OsicTpee, 4em
ancopouus As (II). s o6oux As (II) m As (V) skcriepuMeHTanbHBIE JaHHBIE COOTBETCTBYIOT
MOJIEJIH TICEBJI0-BTOPOIO MOpsJiKa. 3HaueHue k2 st ajcopOiuu As (V) BeIlle, 4eM Jist aJICOPOIIH
As (III) mpu Tex ke SKCIIEPUMEHTATIBHBIX YCIOBHSX,. ITO TOBOPUT O TOM, 4TO yaaneHue As (V)
obut0 ObicTpee, ueM As (III).AncopOumonHas emkocTh Zr-Mn ajcopOeHTa onpejeneHa myTeM
u3ydeHuss wu30TepMbl ancopOuun. Monemn [enpu, Jlenrmiopa u ®@pelinanmxa ObuH
WCTIOJIb30BaHbI JUIsl ONMCAHUsI H30TepMbl aacopOuun. 1o BenmunHe K03()GUIIMEHTOB perpeccun
(R2) u n3-3a HU3KOW KOHIIEHTPAIIMH MBIIIbsIKAa B UCXOAHBIX pacTBOpax Mojaeib ['eHpu Ooibiie
noaxomuT Juisi onucanusi noBeaeHus aicopobumum  As(V) u As(Ill).HMccnemoBano BhusiHUE
IPUCYTCTBUS TIOCTOPOHHUX aHUOHOB, TakuX Kak SO4*, CO3* u CI.O(PeKTHBHOCTD yaaneHus
MBIIIbSIKA CHHU3MJIACh HE3HAUMTENbHO. XOTS KapOOHAT-aHHMOH oOKas3ajl OoJjbllee BIMSHHE Ha
MPOIIECC aJICOPOITUH IT0 CPAaBHEHHUIO C aHMOHAMH CyJib(ara u Xjopa.
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Abstract

In this research which complements the previously published works of this team on dyes
removal, solvent sublation was employed in order to remove such dyestuff as Bromphenol
Blue from simulated effluents. The aim of the work was to study the main principles of
Bromophenol blue removal from water by solvent sublation. Bromophenol blue (BB), an
anionic dye, was removed from aqueous solution by solvent sublation of a BB — hexadecyl-
pyridium-chloride (HPC) complex (sublate) into isopentanol. The effects of the following
parameters on the solvent sublation were experimentally studied: the molar ratio of HPC to
BB, pH of the aqueous phase, the removal process duration, type of organic solvent and the
size of bubbles generated in the sparger. By making second order central composite
orthogonal design and deriving mathematical model with the aid of MS Excel 2003 it was
found that satisfied efficiency of depicted process can be attained in a case of carrying it out
under the following optimum conditions: temperature 10°C, surfactant/dye molar ratio 1.94:1;
process duration — 15.3 min. The check of model adequacy proved that it can accurately
describe the process and can be used for further simulations. According to obtained results
the highest level of BB elimination reached within the experiment was equal to 97.5%.

AHHOTAIUSA

[IpencraBnenbie pe3ysbTaThl SBISIOTCA JIOTUYECKUM MPOJOJDKEHHUEM HCCIEIOBAaHUN 10
(ITOTOIKCTPAKIIMOHHOMY H3BJICUCHHUIO KpacUTeJed Ha NpuUMepe MOJCIbHBIX PAacTBOPOB
opomdenonoporo cunero (bC). Illempto maHHON pabOThI OBUIO HM3yYEHHUE OCHOBHBIX
3akoHOMepHOocTel ynanenus bC ¢noroskcrpakuueit. BC, aHMOHHBIN KpacuTenb, H3BIEKAICs
U3 BOJHOTO pacTBopa (IIOTOEKCTpakimei komruiekca bC—xmopup rekcaaennimupuInHAs
(cybnmaT) B W30MEHTAHOJ. OKCIEPUMEHTAIHHO OBLIO  HCCICIOBAHO BIMSHHE Ha
(bITOTOSKCTPAKITUIO CIEAYIOIIMX ITapaMeTpoB: MoiibHOe cooTHomenne 1IAB:bC, pH BomgHo#
(a3pl, UINTENBHOCTh IpoOLlecCa H3BJICUEHUS, NPUPOAA OPraHUYECKOIO PACTBOPHUTENS U
pasmep Cr€HepUPOBaHHBIX y3BIPHKOB. [Tyrem HOCTPOECHHUS LEHTPAILHOTO
KOMITO3UI[MOHHOT'O OPTOIOHAJILHOTO IJIaHa BTOPOI'O MOpPsAKa M BBIBOAOM MaTeMaTHUECKOU
Mojmenu ¢ momomibto MS Excel 2003 Obuto ompemeneHO, YTO YJOBIETBOPUTEIbHAS
3¢ (HEKTUBHOCTh OMUCAHHOTO MPOIECca MOXKET OBITh JIOCTHTHYTA B CIydae TPOBEACHUS €ro
MPU TaKUX ONTUMaJIbHBIX ycioBusix: Temneparypa 10 °C, monsHOe cootHomenue [IAB:bBC =
1,95:1, mpomomkuTenpbHOCTh mporiecca — 15,3 muH. [lpoBepka aneKBaTHOCTH MOJEIH
MOJATBEPANIIA, YTO OHA YAOBJIETBOPUTEIBHO OINKMCHIBAET MPOIIECC U MOKET MCIOJIb30BaThHCS B
JanbHEeUMX uccienoBannsax. CorinacHo MOJyYeHHBIM pe3ybTaTaM, camMasi BBICOKasl CTETCHb
n3pneuenus bC, nocturnyras B Xoe dKCIepuMenTa, paBHa 97,5%.

Keywords: Dye, bromphenol blue, hexadecyl-pyridium chloride, mathematical model, solvent
sublation, spectrophotometry.
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Introduction

It’s well-known that water is a unique substance which extinction will cause the death of
every living organism. Despite the key role of water in the human life these days the
worsening of nature water quality is increasing rapidly. Annually around 450 m? of effluent,
containing wide range of pollutants, is discharged directly into the rivers and other surface
water basins. More than a half of this amount doesn’t undergo any effective pretreatment.

Unfortunately Ukraine doesn’t remain beyond this ecological problem, moreover, it
endures its exacerbation phase. According to international standards, mainly all of our big
rivers and their tributaries, belong to the category of polluted or highly polluted waters. There
are numerous rivers where the content of one or several impurities exceeds the maximum
allowable concentration (the M.A.C.) in dozens of times, for example, the Dnipro, the Desna,
the Styj River, the Siverskyj Donets and others.

The accumulation of toxic effluent components is a considerable hazard to water resources
potential of the country. It particularly relates to waste water pollutants belonging to II-IV
hazard classes such as organic dyes and diluents.

The main sources of water pollution by dyes are the following: textile industry, chemical
plants, cellulose and paper industry and pharmaceutical industry. It is assumed that during
dye production the loss of target product is nearly 1-2% and in the case of dye usage 1-10%
loss occurs. For reactive dyes, this figure can be about 4% (Forgacs et al., 2004). Perhaps,
this is caused by dye dilution in the water used for its synthesis and the amount of such water
is enormous: it takes approximately 100 — 225 tons of water to produce 1 ton of dye
(Nesterova, 2010).

Textile industry also stands out, as it yields a large amount of effluents. It is estimated that
about 10-15% of dyes are released into processing water during different procedures (L and
V.P., 2010).

So it’s obvious that the discharge of such raw effluent into the surface water entails high-
level pollution thus in natural water dyes concentrations highly exceed affordable limits (0.05
—0.25 mg/l).

Due to complicated chemical structure of synthetic dyes they can’t be biochemically
decomposed in aqueous systems therefore local treating plants are not able to cope with this
problem. Synthetic dyes are also extremely hazardous pollutants of natural environment due
to the effect of potentiation. As a consequence, the result of such interactions is often
unexpected.

Entering the environment dyes easily colour the water and the surrounings consequently
causing unfavorable estetic impression, worsening water organoleptic properties. In addition,
dyes can significantly effect the photosynthesis ability of the water inhabitants by decreasing
water transparency. Dyestuff can be toxic for some flora and fauna species because of
aromatic rings and chlorine substituents in their structure (L and V.P., 2010). This can lead to
total extinction of water living organisms, self-treatment processes disruption and human
intoxication.

Hence synthetic dyes can cause significant environmental pollution and bring a serious
risk factor for human diseases too.

There are different methods of wastewater treatment that provide either elimination or
destruction of dyes such as: chemical processes (the use of Fentons reagent, ozonation,
photocatalytic decolourization, electrochemical destruction), physical treatments (adsorption,
membrane filtration, ion exchange, electrokinetic coagulation, etc.) and microbiological
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decomposition (Robinson et al., 2001). However all these techniques are often too expensive
for applying, ineffective or produce much sludge. Therefore the search for more effective,
inexpensive and low-waste method for dyes remediation from water still remains actual.

In this case solvent sublation is a good alternative. In this special adsorptive bubble
separation non-foaming technique some organic solvent placed on the top of aqueous phase is
used to collect the sublate adsorbed on the bubble surfaces of an ascending gas stream. This
method, with its advantages of simultaneous separation and concentration, has recently
attracted much attention in many fields. Based on the previous reports and recent researches
the following advantageous of solvent sublation can be outlined:

1) high separation efficiency;

2) high concentration coefficient;

3) low dosage of organic solvent;

4) soft separation process;

5) simple operation and equipment (Bi et al., 2010).

Moreover, this technique provides the possibility of the further dye recovery after its
elimination.

The objective of this research was to investigate the main principles of Bromphenol blue
remediation from water by solvent sublation technique.

To rich this goal the next tasks had to be completed:

1) to study major parameters and their influence on the solvent sublation process;
2) to build a mathematical model that could adequately describe the process;
3) to determine optimum conditions which could assure attaining satisfactory results.

Materials and methods

The scheme depictured below was used to carry out solvent sublation process (Fig.1).

@:
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I0| o]
Qoo
Tad

Figure 1 Flowsheet of the experimental unit

1 — gas cylinder; 2 — humidifier; 3 — filter; 4 — gas flow rate; 5 — pressure meter; 6 — Schott filter; 7 — solvent
sublation column; 8 — thermostat.

The solvent sublation process took place in glass column 7. It was 42 cm in length with an
initial diameter of 3.3 cm and had 2 access ports. The gas bubbles were generated in a Schott
filter of 16 um porosity. Changing the porosity of the gas sparger (16, 40,100 and 160 pm),
different bubble sizes were also created, thus altering the surface area of gas bubbles.
Compressed nitrogen was supplied by the gas cylinder 1 and moved through the humidifier
and the filter to the bottom of the solvent sublation column. Gas rate was measured by flow
rate meter 4. Thermostat was used to maintain system temperature near the desired setpoint.
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To obtain dye concentration in the aqueous phase, the sample solution was withdrawn
from the top access port for analysis.

Reagent-grade HPC was used as a collector without further purification. Reagent grade
BB and the other reagents were all analytical grade.

For the solvent sublation running, HPC was added to the sample solution (250 mL) to
form the dye-surfactant complex; the solution containing 1.5 10 mol/L (10 mg/l) BB was
poured into the sublation column; and 5 mL isopentanol was added immediately; then the
timer was started and the samples of aqueous solution were taken for analysis at a specified
times.

The pH of the solution was measured with a pH-meter Portlab 102. UV- visible spectra of
the sample solutions were measured with a scanning spectrophotometer Portlab 501 at the
maximum peak of 588 nm.

Results and discussion

Parameters influencing the solvent sublation process can be classified as those, that effect
the aqueous and organic solutions and those, which are operational factors. Parameters of the
first group are: aqueous phase composition (pH, ionic strength, presence of various species),
organic phase composition (organic solvent: type and volume, presence of different
additives). The operational parameters are: gas flow rate and temperature.

pH of the aqueous solution is a very important factor because it determines the presence of
ionic species, which are involved in solvent sublation process. Such processes as hydrolysis,
complex formation and precipitation of insoluble substances are governed by pH values of
aqueous solutions.

The presence of surfactant is also very important factor for solvent sublation because
usually it makes extracted ion-pairs more hydrophobic. In addition, surfactants tend to reduce
the surface tension of aqueous solution and decrease the size of bubbles generated in the
sparger (Sobianowska et al., 2009/2010).

Hexadecyl-pyridium-chloride (HPC) was used as the surfactant in all cases because it
showed high efficiency in the process of BB removal by solvent sublation during previous
researches.

It’s known, the higher sublate solubility in organic layer is the, bigger efficiency of dye
removal is obtained. In this research different organic compounds were investigated to find
out the proper one.

One of the crucial parameters is mean bubble radius that is formed by Schott filter.

Gas flow rate is also an important factor for solvent sublation process. According to
previous publication (Lu et al., 2001), the increase of gas flow rate enhanced the removal
efficiency due to mass transfer intensification. Therefore in this study the experiment was
conducted under the maximum permitted gas flow rate condition (50 sm?/h). At higher gas
flow rates, the oil-water interface can be drastically disrupted and some drops of the top
organic layer can return back to solution.

The effect of process duration on solvent sublation

Dye concentration in the aqueous phase was measured every 5 minute for 30 minutes. As
graph shows (Fig. 2) the optimum process duration was equal to 15 minutes with
97.5% BB removal accordingly.
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Figure 2 The variation of BB removal efficiency in dependence on the elapsed time. HPC:BB (mole ratio) 2:1,
pH 1,1, pore diameter 16 pm.

The effect of the molar ratio of HPC to BB on solvent sublation

HPC together with BB formed hydrophobic complex that interacted with gas bubbles.
Then hydrophobic compound was levitated on a bubble surface to the top of an aqueous
column where it encountered a solvent layer (isopentanol) to which the material was
transferred as the bubbles moved through the solvent layer.

Results of this experiment are shown below (Fig.3).
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Figure 3 The dependence of BB removal efficiency on the molar ratio of HPC to BB. pH 1,1.

The graph shows that molar ratio HPC:BB 2:1 caused the highest dye remediation equal to
97.5% providing the lowest residual dye concentration in the water. The range of molar ratios
HPC: BB from 1:1 mo 1,5:1 didn’t represent affordable results, perhaps due to incomplete
formation of a dye-surfactant complex. When the ratio was higher than 2:1, the rate of
solvent sublation was smaller and the removal efficiency was lower, presumably due to the
competition of excess surfactant ion with the dye-surfactant complex for the bubble surface.

Large excess of surfactant can also cause the emulsification of the isopentanol thus the
dye-surfactant complex in the isopentanol can constantly be dispersed back into the solution
and the separation efficiency can decrease greatly (Lu et al., 2001).
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The effect of organic solvent nature on the process effectiveness

Within this research the influence of such organic frame particularities as carbon chain
length and the degree of branching in the carbon chain was investigated. The next compounds
were used as the organic solvent: n-pentanol, isopentanol, 1-hexanol, 1-octanol and 2-octanol

(Fig.4).
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organic solvent

Figure 4 The variation of BB removal efficiency in dependence on the organic solvent type. HPC:BB (mole
ratio) 2:1, pH 1,1, pore diameter 16 pm.

The diagram shows that the highest BB removal equal to 97.5% was achieved by the use
of isopentanol as an organic solvent. So, according to attained results, the branching of the
carbon chain influenced the treatment process in the positive way, and the effect of normal
structure of the carbon chain is diametrically different. For example, in the case of n-pentanol
BB removal is much lower and is equal to 77 %. The first possible reason lies in the fact that
probably there is much better solubility of dye-surfactant complex in organic solvent with
higher degree of branching in the carbon chain. And possible easier holding of big-sized
sublate by branched carbon skeleton solvent is the other reason. In the case of using n-
hexanol the lowest dye elimination was obtained.

However depicted tendency can’t adequately describe the behaviour of solvents which
have longer carbon chains, for example, 8 or more carbon atoms. In such case both 1-octanol
and 2-octanol retained practically equal amounts of dye.

Therefore the degree of carbon chain branching didn’t play any essential role there. Either
of these two isomers attained 90% of BB removal, but this efficiency is lower than in the case
of isopentanol. This can be explained by difficulties of the sublate solubility or retaining
within the solvent layer characterised by more complicated skeleton.

The effect of the mean bubble diameter on the solvent sublation

As it was previously mentioned, the size of bubbles generated in the sparger is one of the
key factors in solvent sublation. Attained results are shown in Fig. 5.
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Figure 5 The variation of removal efficiency in dependence on the bubble size. HPC:BB (mole ratio) 2:1,
pH 1,1.

The graphs show that the removal efficiency increased with the decrease the of generated
bubble diameter. The highest recoveries were obtained for all three columns with initial
diameters 21, 33 and 44 mm in the case of applying Schott filter of 16 um porosity x = 98.5,
97.5 and 97.5% respectively. Attained data proved that the bigger pore size was, the lower
remediation efficiency it caused and the worst results were obtained in the case of the most
massive gas bubbles: x=53, 23, 16%.

Bubble size reduction caused the increase of the interfacial area per unit volume of air
(3/r), thus the bubble residence time also extended because smaller bubbles had lower rise
velocities. Smaller bubbles also enhanced mass transfer from the liquid phase to the bubbles
due to very large surface area per unit volume of air.

According to the represented graphs (Fig. 5) the decrease of the column initial diameter
intensified the removal process. This can be explained by higher retention time of the bubble
in the system.

The effect of pH on solvent sublation

Despite the results of the previous reports (Lu et al., 2001; Sobianowska et al., 2009/2010)
this research revealed that in the case of BB removal pH of the aqueous phase slightly
influenced the process run.

The results of the experiment are represented below (Fig. 6). The graphs show that the
increase of pH reduced treatment efficiency. At pH 12 the lowest BB removal was detected:
X = 96% that corresponds to the residual dye concentration in water equal to 0.4 mg/dm?.
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Figure 6 The dependence of the BB removal efficiency on the pH value. HPC:BB (mole ratio) 2:1, T =15 min.
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Such behaviour can be explained by equilibrium established in aqueous solution:

B+A-:§;>HA+BH+::>[HA—BH+], (M
where B represents the HPC; HA, dye — Bromphenol blue; A, the deprotonated anion
of BB; BH", protonated HPC cation.

According to the equation (1) the increase of the acidic pH drives the equilibrium toward a
larger concentration of BH", which easily binds with HA to form [HA —-BH *]. By

contrast, the increase of the basic pH drives the equilibrium toward a larger concentration of
B, which does not easily form dye-surfactant complex.

In spite of slight effect of pH on the BB removal observed throughout the experiment, the
most proper pH value for efficient treatment was pH 1.1. Because it assured the lowest value
of residual dye concentration 0.25 mg/1.

Mathematical model deriving and the determination of optimum conditions

Central composite orthogonal design (second order) was selected to derive mathematical
model with the aid of MS Excel 2003. The following model was obtained:

Y =66,22 +0,43-Z1+ 6,79 7o+ 2,59:-7Z5- 0,06-Z1-Z2+ 0,01-Z1-Z3+ 0,13 7273 - 2)
0,02:Z12-2,11-Z1*- 0,07-Z32,

according to the next definition: Z:i - temperature factor; Z» - surfactant excess factor; Z3 —
process duration factor.

By deriving mathematical model, represented above, it was found that the maximum
efficiency of depicted process can be attained in a case of carrying it out under the following
optimum conditions: temperature 10°C, surfactant/dye ratio 1.94:1; process duration —
15.3 min.

The check of the model adequacy proved that it can accurately describe the process and
can be used for further simulations. The maximum relative standard deviation was equal to
4,7%.

Conclusions

To sum up, within this report contemporary state of water pollution problem, caused by
synthetic dyes was analysed, covering the main methods that are typically used for dyes
decomposition and remediation. Solvent sublation was proposed as an effective alternative.

The main principles of Bromophenol blue removal from water by solvent sublation were
investigated. The following major parameters and their influence on Bromphenol blue
removal from water were researched in detail: pH, type of organic solvent, the mean bubble
diameter, gas flow rate and molar ratio of surfactant to dye.

Acidic pH, fine bubble radius had a positive effect on the removal efficiency. The increase
of gas flow rate up to 50 sm*/min also enhanced the treatment. The highest dye removal was
obtained in the case of isopentanol used as the solvent. The initial dye concentration was 10
mg/dm?>.

The second order experiment statistical model was derived with the use of central
composite orthogonal design. The check of model adequacy proved that it can accurately
describe the process and can be used for further simulations. The maximum relative standard
deviation was equal to 4,7%.
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To assure attaining the maximum treatment efficiency the next optimum conditions were
determined: temperature 10°C, surfactant/dye ratio 1,94:1; process duration — 15.3 min. It
was found that the process should be conducted under such conditions: pH 1.1, solvent —
isopentanol, Schott filter nominal pore size — 16 um, molar ratio surfactant:dye — 2:1.

The recovery efficiency was 97.5% and the corresponding residual Bromphenol Blue
content in the aqueous phase was equal to 0.25 mg/dm?’. Attained results can be used in
further studies.

Attained results can be used in further studies.
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Abstract

Nowadays wastewater sludge is regarded as a resource of phosphorus. Opposite to widespread
approaches for the improvement of plant availability of phosphates, this study shows the results
for the improvement of sludge quality at the step of its production. The possibility of partial
substitution of inorganic coagulants by organic cationic polymers was studied. The experiments
were carried out on synthetic wastewaters with high-medium-low concentrations of suspended
solids and total phosphorus. Simultaneous and double types of dosing were applied. The results
showed the substitution possibilities up to 46.5% at simultaneous type of dosing. The significant
influence of cationic polymers was observed only in range of low coagulant dosages. The
efficiency of double type of dosing was not detected.

Keywords: Cationic polymer, inorganic coagulant, phosphorus, substitution, wastewater treatment.
Introduction

Phosphorus is a key nutrient, which in sufficient amount provides normal vital activity and
development of all living organisms. However, the excess amount of phosphorus in natural water
resources, caused by discharges of wastewater or insufficiently treated wastewater, is a cause of
eutrophication (Mainstone et al., 2002).

Nowadays at the majority of treatment plants a coagulation process is used for wastewater
treatment. Such method provides high extent of phosphorus removal and guarantees efficient
treatment of wastewater of different quality (Ebeling et al., 2003). High efficiency of treatment is
achieved by the adjustment of coagulant dosage according to the inflow quality; however such
approach usually requires addition of high coagulant dosages, which significantly deteriorates
sludge value and reduces the possibility of its further use in agriculture.

On the other hand, the resources of mineral phosphorus are limited, and now wastewater sludge
is increasingly regarded as a resource of valuable element (Cordell et al., 2011; Cassidy et al.,
1998). Many research works are focused on finding ways to improve sludge quality in order to
make contained in it elements available for plants. The most widespread approach is to treat sludge
and transform bonded phosphorus into available form. So the sludge is regarded as a substrate
which after several steps of transformation acquires new quality. The methods based on such
approach are digestion, high temperature pyrolysis and chemical treatment of sludge (Hossain et
al., 2011; Hargreaves et al., 2008). This requires significant energy consumption and the need for
additional equipment.

The key difference of the approach used in this research work is that we tried to change the
quality of sludge at the step of its formation. The amount of aluminium in sludge was reduced by
partial substitution of coagulant by cationic polymer.
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The results of reduction of required coagulant dosage by the use of organic polymers are
represented in this paper.

Materials and Methods

We carried out experiments with model wastewaters and domestic wastewater from Lillestrom
WWTP. Compositions of synthetic wastewaters differed by phosphorus and suspended solids
contents.

For the experiments with domestic wastewater we used outlet from biofilters before it entered
secondary sedimentation tank.

The chemicals used were coagulants Kemira ALS (aluminium sulphate) and Kemira PAX XL-
61 (prepolymerised aluminium coagulant) and in the experiments with domestic wastewater
Kemira PIX-18 (FeClSOs4) was also used. The range of coagulant dosage variation included doses
that were lower and higher than the optimum dose for each of the coagulants. In total, for each of
coagulants we used five doses. The optimum doses were determined in the preliminary
experiments.

As organic cationic polymers we have chosen FO 4350 and FO 4240. In the experiments we
used 1g/1 solutions of polymers. For each of the polymers the dosage range included values 1 mg/I,
3 mg/l and 5 mg/l.

The coagulation experiments were carried out at pH values (6,0 £0,2) and (7,540,2). For the
coagulation process to result in the desired pH value, we adjusted the initial pH of raw water
depending on the coagulant dosages we added.

For the coagulation experiments we used jar-test apparatus (Kemira Flocculator 2000) with six
beakers. The mode of mixing was: rapid mixing for 30 seconds, then slow mixing during 10 min
followed by sedimentation for 15 min.

In the experiments we used simultaneous and double types of dosing of coagulant and polymer.
While using simultaneous type of dosing, coagulant and organic polymer were added
simultaneously to the jars at the beginning of rapid mixing. At the double type of dosing, for each
polymer dose we used two beakers. At the first step the same dose of cationic polymer was added
to the jars at the beginning of rapid mixing, and after sedimentation 500 ml of supernatant was
taken from each of the beakers. Then, these collected samples were mixed together, making up 11
of supernatant. As the second step, a coagulant was added to the jar with supernatant. After
sedimentation, we collected about 200 ml of supernatant and used it as a sample for further
analysis.

We controlled suspended solids (SS), total phosphorus (T-P), ortho phosphates (O-P) and
turbidity in the collected samples. Determination of residual SS content was done by gravimetric
method. Residual T-P and O-P contents were measured according to standard ISO 6867/2004.
Turbidity was measured by Hach 2100Q portable turbidimeter. The extents of SS removal and T-
P removal were the main parameters by which the evaluation of treatment efficiency was done.

In order to reduce the number of required experiments while retaining the most important
features, we made fractional factorial design of the experiment using UNSCRAMBLER program.

Results and Discussion

We have carried out experiments according to the experimental design. There was an obvious
difference between results obtained with simultaneous and double types of dosing.
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The results for simultaneous dosing of ALS and cationic polymers clearly show the difference
in efficiencies of treatment achieved with addition of cationic polymers and without it. Although
this difference changed with the synthetic wastewater type, in each case the lines depicting
dependences of T-P and SS removal efficiencies on coagulant dosage had the same trend.
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Figure 1 Influence of cationic polymer and ALS on SS (above) and T-P (below) removal in synthetic wastewater with
high SS and high T-P content at pH 7.5.

As shown in the figure 1, at low coagulant dosages the highest efficiencies of treatment were
achieved with the use of 3 mg/l and 5 mg/1 of polymer. For example, to remove 80% of T-P was
possible with 12 mg — Al/l, with 7 mg — A/l combined with 5 mg/1 of cationic polymer or with 8
mg — Al/l and 3 mg/l of polymer. It means that combination of inorganic coagulant with cationic
polymer can significantly reduce required dosage of coagulant without any deterioration of
treatment efficiency. In this particular case, the required dosage of coagulant can be 1.7 times
lower if instead of coagulant use its combination with organic polymer. However, with the increase
in coagulant dose, the positive effect of cationic polymers becomes insignificant.

Opposite to this, the results for PAX XL-61 show that influence of cationic polymers was
insignificant during the whole range of coagulant dosages. In most of cases the difference in
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treatment efficiencies was not more than 5 — 7%, and the addition of different dosages of polymer
gave almost the same results.
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Figure 2 Influence of cationic polymer and PAX XL-61 on SS (above) and T-P (below) removal in synthetic
wastewater with medium SS and medium T-P content at pH 6.0.

If to compare efficiencies of T-P and SS removals provided by ALS and PAX XL-61, it
becomes clear that ALS is more effective for the removal of phosphates, while PAX XL-61 acts
more like polymer and gives higher extents of SS removal.

For double type of dosing the situation was completely different because results were unstable
and significantly differed one from another, so it was impossible to find a common function,
suitable for explanation of all the obtained data. In order to have more accurate results, we decided
to carry out each test in several replicates. However, this did not give any improvement because
the results for the tests carried out under the same conditions differed up to 15 — 17%.

After analysis of the obtained data, we have proposed several factors that could contribute to
such fluctuations in treatment efficiency. These factors could be the temperature of model water
and the sampling method we used for taking supernatant from jars after coagulation. To evaluate
the contribution of each of these factors additional tests were carried out.

In these tests we found out that the sampling method did not influence the results, however the
temperature of model water had an important role. For example, the treatment efficiency was
higher when the experiments were carried out on model water with average temperature 16 — 18°C,
and it was about 10% lower when the temperature of water was about 12 — 14°C. Interestingly,
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that such difference was observed only at low coagulant doses. After that it was decided to consider

the impact of temperature, therefore in further experiments model water with temperature about
12 — 14°C was used.
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Figure 3 Influence of cationic polymer and ALS on SS (above) and T-P (below) removal in synthetic wastewater with
high SS and medium T-P content at pH 7.5.

It is clear from these figures that temperature was not the only factor that influenced the results
because even at almost constant temperature of model water the treatment efficiencies differed

greatly.
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Table 1 Influence of cationic polymers on SS and T-P removal at simultaneous and double types of dosing.

Raw water Difference Simultaneous dosing Double dosing
Particle | Phosphate | removal with 5 with 8 | with 10 | with5 | with 8 | with 10
content | content | efficiency | mg-Al/l | mg-Al/l | mg-Al/l | mg-Al/l | mg-Al/l | mg-Al/l

H H SS % 25 24 9.3 5.3 3.5 8.3
TP % 41 355 11.2 1.8 4.4 4.7
H M SS % 24.4 18 9.4 19.2 3
TP % 40 40 14.6 2
H L SS % 33 22.6 7.1 6.8 5.7 4.6
TP % 46.5 39.5 12 19.4 4.2
M M SS % 3.8 4.7 3.4 2
TP % 7.1 16.2 6.3
M L SS % 4.9 4.3 6.4 3.8 5 4.1
TP % 12.3 20.6 4.5 1.3 8 3.6
L L SS % 5 4.7 7.5 4.4 4.9 6.4
TP % 8.9 5.6 8.2 19.6 13 12.4

Each of the given in the table values shows how cationic polymers in combination with
coagulant increase the efficiency of treatment compared to coagulant used alone. At simultaneous
type of dosing and coagulant dosages 5 mg — Al/l and 8 mg — Al/l, addition of cationic polymer
can improve the extent of treatment up to 46.5%. This means that it is possible to reduce the molar
ratio Al:P approximately in 1.86 times. However, such significant influence of cationic polymers
is observed only in model waters with high particles content, and in model waters with medium
and low particles content the treatment efficiencies were lower and were close to that achieved at
double type of dosing.

In the set of experiments on real wastewater only simultaneous type of dosing was used because
it gave telling results. Only one type of cationic polymer (FO 4350) was used because experiments
with model waters showed that polymers FO 4350 and FO 4240 had the same efficiency. In
addition to ALS and PAX XL-61 we used coagulant PAX 18.

In all cases addition of polymer improved the efficiency of treatment, and the highest extents
of SS and T-P removal were achieved when coagulants were combined with 5 mg/l of cationic
polymer. This confirms the results of the experiments with model water and shows that
combination cationic polymer and coagulant treats water more effectively than coagulant used
alone.

Conclusions

Cationic polymers can significantly influence the extent of SS and T-P removal. This
phenomenon is observed at coagulant dosages up to 10 mg — Al/l.

In several cases the improvement of treatment efficiency reaches the value of 46.5% which
confirms that combination of polymer and coagulant can provide the efficient treatment at
relatively low coagulant dosages
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Partial substitution of coagulant by the addition of cationic polymer reduces the required dosage
of coagulant and results in lower coagulant content in sludge. This improves the quality of sludge
and makes it applicable in agriculture as fertilizer.

Simultaneous type of dosing is preferable as the efficiency of double dosing has not been proved
yet.

As further steps, research of factors that influence the results at double type of dosing is
recommended. A mathematical model for the prediction of changes in efficiency of SS and T -P
removal at simultaneous usage of coagulant and cationic polymer can be made.
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AHHOTANUA

Ha ceromssmHuMid JeHb IIUIaM, TIOJIyYaeMbli TPH OYUCTKE CTOYHBIX BOJ, BCEC Yalle
paccMmaTpuBaeTcsl B KauecTBe UCTOUHMKA (hocdopa. B orimudme oT pacnpocTpaHEHHBIX TOIX0/I0B
HATpaBJICHHBIX Ha YJIy4IICHHE OHOJOCTYHNHOCTH (ocdaToB, 3Ta HUCCIeAOBaTEeIbCKas padoTa
IMOKAa3bIBACT, KaK MOXHO YJIYUHIUTb Ka4€CTBO IIJlaMa Ha CTaJuMW €ro IIOJTy4YCHHA. I/Isyl{eHa
BO3MOYKHOCTh ~YaCTHYHOTO 3aMCIICHHS HEOPraHWYECKOTO KOAryJsHTa OpraHHYeCKUMH
KaTUOHHBIMHU TIOJIMMEpPaMHu. 3KCH€pI/IM€HTBI MMPOBCACHBI HAa MOJACJIIBHBIX CTOYHBIX BOJAaX C
Pa3IMYHBIMU COJICPKaHUAMH (POC(HATOB M B3BEIICHHBIX BENIECTB. VICTIOIh30BaHbI COBMECTHBIN U
HOCHCHOB&TGHLHBIﬁ TUIIbI JO3UPOBAHUA KOAT'YJIIHTOB U OPraHUYCCKUX IMOJIUMCPOB. Pe?:yJ'II)TaTLI
CBHUJICTEIILCTBYIOT, YTO TIPU WCIIOJIb30BAaHUM COBMECTHOTO THIIA JO3UPOBAHHS BO3MOXKHOCTD
3amernieHus: jgocturaet ypoBHs 46.5%. CyliecTBeHHOE BIUSHUE KATHOHHBIX TOJUMEPOB
HaOMoIaeTCsl TONBKO B JHMAla30HEe HHU3KUX KOHIEHTpalUd KoarynsHTOB. Od(eKTUBHOCTD
MOCJICI0BATEILHOTO TUTIA IO3UPOBAHUS HE BBISIBJIICHA.

K.]'IlO‘-IeBble cJoBa: KO&FyJ’IHLII/ISI, KaTHOHHLIﬁ HOJ'II/IMep, HCOpFaHI/I‘{eCKI/Iﬁ KO&FYJ]}IHT, y,[[aHGHI/Ie (I)OC(l)Opa
BBenenue

®ochop — 3TO OWOTEHHBIN 3JIEMEHT, HAJUYUE KOTOPOIO B JOCTATOYHOM KOJIUYECTBE
o0ecrneunBaeT HOPMAJIbHOE PA3BUTHUE U KUZHEJEATEILHOCTh BCEX KHUBBIX OpraHu3MoB. OAHaKo,
MOBBIIIEHHOE coziepikanue (ochopa B eCTECTBEHHBIX BOIHBIX 00BEKTaX, BEI3BAHHOE COPOCOM B
HUX HEOYMIIEHHBIX WM HEAOCTATOYHO OYMILEHHBIX CTOYHBIX BOJ, SBJISETCS NPUYUHON
sBTpodukanuu (Mainstone et al., 2002).

Ceronusi Ha OOJBIIMHCTBE OYUCTHBIX COOPYKEHUH ynaneHue (ochaToB BeaeTcs METOIOM
XUMHYECKOH Koaryisinud. Takoil MeTon o0ecreurBaeT BRICOKYIO CTeIeHb yaanenus Gpochatos u
rapanTupyeT 3GHEeKTUBHYIO OYMCTKY CTOUYHBIX BoJ pasznudyHoro coctara (Ebeling et al., 2003).
Bricokast 3¢h)(heKTHBHOCTh OUUCTKU JOCTUTACTCSI KOPPEKTHUPOBKON 03Bl BBOAMMOTO KOAryJisiHTa
B 3aBHCHMOCTH OT KayecTBa IOCTYMAIOLIEH Ha OYUCTKY CTOYHOM BOJBI, YTO OOBIYHO Tpelyer
OOJIBLINX PACXOJOB KOArYJISIHTA. JTO CYIIECTBEHHO yXY/IIAeT KAYeCTBO MOJIYyYaeMoro nuiama u
CHIDKAET BO3MOXKHOCTH €T0 JAIbHEHUIIETO HCIIOIb30BaHMS B CETbCKOXO03SMCTBEHHBIX LESIX.

C npyroii CTOpOHBI, HICTOYHHKH MUHEPATBHOTO (pocdopa orpaHUdeHbl, U IUIaM Bce OOoJbIe
paccMartpuBaeTcs Kak ucTouHMK 1ieHHOro neMmenTta (Cordell et al., 2011; Cassidy et al., 1998).
MHOeCTBO HCCIEOBATEIbCKUX Pa0OT HAIMpPaBJICHO HAa TOWUCK MyTed YIydlleHHs KadecTBa
[1aMa, 9To0bI TIOJydYaTh COJEpIKAIMecss B HEM JJIEMEHTHI B OMofocTymHOH ¢opme. Hambonee
pacnpoCTpaHEeHHBIN MOAXOA — 3TO MEePeBO CBA3aHHOTO (ochopa B AOCTYNHYIO (PopMy myTem
JIOTIOJIHUTENBHON 00paboTKy nuiama. [lpu 3ToM nutaMm paccMatrpuBaeTcst Kak cyOcTpar, KOTOpBIi
MoCcJie HECKOJIBbKUX CTaaui TpaHchopMaiuil JOHKeH MpUoOpecTH HOBbIe KauecTBa. OCHOBHBIC
METOBI, PEATU3YIOMUe TaKOW TOAXOM, OSTO KOMIIOCTHUPOBAHHE, BBICOKOTEMIIEPATYPHBIH
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NUpOJIM3 M XUMHdeckas oOpaborka nutama (Hossain et al., 2011; Hargreaves et al., 2008).
Peanmuzannsi MaHHBIX METOHOB TpeOyeT CYNIECTBEHHBIX JHEPro3arpaT H  yCTaHOBKH
CIELUAIBHOTO 000y /10BaHHUS.

Ilenpio maHHOW pa®OTHI SBISIOCH UCCIEOBAHHE BOZMOKHOCTH M3MEHEHHMS KayecTBa IIamMa
Ha CTaJMH €ro MOJYYEeHHUs, OLIEHKAa BO3MOXXHOCTH YMEHBIICHHUS KOJIMYECTBA aTIOMUHUS B IIJIaMe
MyTeM YaCTHYHOTO 3aMEIICHHS KOAryJISTHTa KATHOHHBIM HOJHMEPOM.

MarepuaJibl 1 METO/bI

HccnenoBanusi MpOBOAMIN Ha MOIEIBHBIX CTOYHBIX BOJAX M peabHBIX KOMMYHAJIbHBIX
CTOYHBIX BOJIaX ¢ ouncTHOM cTaHImu ropoaa Lillestrom. CocTaB HCTONb30BaHHBIX MOAEIBHBIX
CTOYHBIX BOJI OTJIMYAJICS COACPIKAaHUEM B3BEIIEHHBIX BellecTB U GochaTos. [l sKkcriepuMeHTOB
Ha peaJbHOM CTOYHOM BOJE OTOMpaau BOAY Tociie OMOPUIBTPOB HA BXOJE BO BTOPUYHBIN
OTCTOMHUK.

Hcnonw3zoBanu koarynsutel Kemira ALS (amtomunuii cynedar) m Kemira PAX XL-61
(mpenoauMepU30BaHHbBIN aJTIOMUHUEBBIA KOAryJIsSHT), @ B OKCIEPUMEHTaX Ha PealbHOM CTOYHOMN
Boje eme u Kemira PAX-18 (monmuamtoMunanii xsiopua). J(nama3zon BapbUpoBaHUs 03 BKITIOYAIT
JI03bI HIKE ONTUMAJIbHOM, ONTUMAJIBHYIO U BBIIIE ONTUMAIBHON. JIJIsl KaXKI0T0 U3 KOAryJIsIHTOB
uCcmonp30BaI 5 1103. OnTUMallbHbIE 03B KaXAOro KOaryJjsHTa ONpeAeNwId B XOJE
IIPEIBAPUTENILHBIX UCCIIEI0OBAHUI.

Hcnonb3oBanu nBa tuna opranndeckux noiaumepoB FO 4350 u FO 4240. B skcnepuMmeHnTax
WCTIOJIBb30BAJIM PACTBOPHI IMOJUMEPOB KOHIEHTpauued 1 r/m. Jlmama3oH BapbUpOBaHUS 103
Ka)KJIOTO W3 IMOJIMMEPOB BKJItOYAJ 3HaueHus | mr/i, 3 Mr/im u 5 mr/m.

Koarynsuto npoBoaunu npu 3Hadenusx pH (6.0 = 0.2) u (7.5 + 0.2). Uto06s! 3Hauenue pH
MU KOAryJsIMM HaXOAWJIOCh B 33JaHHOM JlMana3oHe, PeryiupoBaiu 3HaueHue pH ucxomaHoii
BOJIbI B 3aBUCHMOCTH OT J103bl BBOJMMOI'O KOATryJISHTA.

DKCIEPUMEHTHl TIPOBOJIMWIM C HCIIOJIB30BAaHUEM KOAryJsIuoHHOW ycrtaHoBku (Kemira
Flocculator 2000) ¢ miecTpi0 CTaHAAPTHHIMU XUMHUYECKUMHU CTakaHamu oO0beMoM 1 1. Pexxum
nepeMenBanusl Obul: ObIcTpoe mnepeMmerivBaHue B TedueHue 30 CeKyH[, Jajnee CieloBalu
MeJJIEHHOE MepeMelliBanre B TeueHne 10 MUH U cTaaus OTCTauBaHUs — 15 MUH.

B skcnepuMeHTax HCIOJIB30BAIM COBMECTHBIM M IOCIEIO0BATENbHBIA THUIBI JO3UPOBAHUS
KoaryJsHTa U nonumepa. [lpu ucmoab30BaHUU COBMECTHOTO THUIIA JO3UPOBAHMS KOATYJSHT U
MoJIUMEp J100aBJIASIM B XUMHUYECKMM CTakaH €IMHOBPEMEHHO B Hayajle CTaJuu OBICTPOro
nepememuBanus. [lpu mocienoBaTenbHOM THUIIE O3UPOBAHUS AN KaXKIOW J03bI MOIUMEpPA
UCIOJB30BAJIM [JIBAa XHUMHUYECKUMX cTakaHa. Ha mepBom »srtame, Ha cTaguu OBICTPOro
MepeMEeIIMBaHusl B KaXIblil cTakaH M0OaBISUIM OJMHAKOBBIE 103l KAaTHOHHOTO IOJIUMEpa.
[locne cramgum orcramBaHus W3 crakaHoB orTOupanmu mno 500 mu cynepHatanta. [lanee
oTOOpaHHBIE 00pa3lbl CMEIIUMBAIM U TMONydYand | J SKUAKOCTH, B KOTOPYIO J00aBIISLIN
koaryisHT. Ilocne craamm orcramBaHus oTOMpaym npuMepHo mo 200 M HaZ0CaTOYHOM
KHUJKOCTH, KOTOPbIE UCTIOIB30BAIU IS MOCIEAYIOMINX aHATH30B.

B oToOpanHbIX 00pa3iax KOHTPOJIMPOBAIU COJEpKaHUE B3BELIEHHBIX BemlecTs (BB), obmiero
¢dochopa (O-D), oprodocharoB (Opro-®) um wmyrtHoctu. Conepxanue BB ompenensiu
rpaBuMeTpuueckuM metogoM. Onpenenenne coaepxanus O-® u OpTo-® npoBOAUIN COTTIACHO
crangapty ISO 6867/2004. MyTHOCTh 00pa3loB M3MepsuIM Ha mopTaTuBHOM mnpubope Hach
2100Q turbidimeter. B kauecTBe OCHOBHBIX MapaMeTpOB s OLEHKH 3()(HEKTUBHOCTH OYMCTKH
WCIIONIb30BaIu cTeneHu ynainenus BB u O-O.
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I[JISI COKpaleH1uda 4Yuciia HCOGXOI[I/IMLIX TCCTOB, M IOJYYCHHUS BCCX Hanbosiee BaXKHBIX

JAHHBIX, BBIIOJIHWINA CTATUCTUYECKOE IIJIAHUPOBAHUE DKCIIEPUMEHTOB C IOMOIIBIO ITPOrpaMMBbI
UNSCRAMBLER.

Pe3yabTaThl M MX 00Cy:KIeHUE

B xozme mpoBeneHHs SKCIEPUMEHTOB BBISBWIN CYIIECTBEHHBIE pazfiuuusi B pe3yJbTaTax,
MOJIYUCHHBIX IIPpHU COBMCCTHOM H MOCJICAOBATCIIbHOM THUIIAX JO3UPOBAHUS.

Pe3ynpTarsl mosiydeHHBIE MPU COBMECTHOM JO3UPOBAHMM KoaryJjisHTa ALS W KaTMOHHBIX
MOJIMMEPOB HYCTKO IIOKAa3bIBAKOT pa3jiniynuc B 3(1)(1)CKTI/IBHOCTSIX OYUCTKH, HOOCTUTHYTHIX C
UCIOJIb30BaHNEM KaTHOHHBIX MOJIMMEPOB M 06€3 HuX. XOTs BeIWYMHA PAa3IndUsl OTINYANIach JUIs
KaXa0ro Tuiia MOHGHBHOﬁ BOJbI, 3aBUCUMOCTH, OIIMCBHIBAIOIIIUEC U3MCHCHUC CTeNeHen YAAJICHUA
O-® u BB, umenu onMHaKOBBIM XapakTep.
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Pucynok 1 Bnusiane katuonHoro monmumepa u 03l ALS Ha crenens ynanenus BB (Bepxuwuit rpaduk) u O-@
(HKHUM TpaduK) N3 MOAEIBHON CTOYHOM BOJIBI C BRICOKMMHU cojiepkanusiMu BB 1 O-® nipu 3nauennu pH 7.5.

Kak moka3aHo Ha pUCYHKe |, IpH HH3KHX J03aX KOAryisHTa HauOosbiias 3Q(HeKTHBHOCTD
OYHCTKM HaOJIfO/Ianach MPU HCIIOJIB30BAHUH TOJMMEpa ¢ 1M030u 3 mr/mu S5 wmr/ia. Hampumep,
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yaanuth 80% O-® ObUI0 BO3MOXKHO ¢ ToMoIIbio 12 mMr — Al/n, ¢ 7 mr — Al/n B komOuHaiuu ¢ 5
MI/J KaTHOHHOTO ToyimMepa uiu ¢ 8 mr — Al/m m 3 mr/m momumepa. DTO O3HAYaeT, 4YTO
UCIOJIb30BaHNE KOMITO3UIIMK HEOPTaHWYECKOr0 KOAryJsiHTa W KaTHOHHOTO TMOJIMMEpPa MOXKET
CYIIECTBEHHO CHU3HTH TPEOyeMylo 03y KoaryysiHTa 0e3 yxyameHus 3(h()EeKTUBHOCTH OYHUCTKH.
B nannom ciydae TpeOyemas 103a KoaryJjsHTa MOXeT OBITh CHMKeHa B 1.7 pasa, eciu
KOAryJsiHT COYeTaTh C OpraHu4YecKuM nonumepoM. OHAKO MpU YBETUUYEHHUU 03Bl KOAryJIsHTa,
MOJIOKUTETHHOE BIUSHHE IMOJIMMEPa CTAHOBUTCS HE3HAUUTEITHHBIM.

B npotuBonosnioxkHOCTh K 3TOMY, pe3yibrarhl Jisi PAX XL-61 moka3plBatOT, 4TO BIIMSIHUE
KaTHUOHHBIX TOJIMMEPOB OBLUIO HE3HAYUTEILHBIM Ha BCEM JWara3oHe 03 KoaryisHTa. B
OOJIBIIMHCTBE CIIy4YaeB YBEJIMYEHHE CTENEHU OYUCTKU COCTaBlsio He Oonee 5 — 7%, wu

HCIIOJIb30BAHUC PA3HBIX 103 MOJHUMEPA AaBaJIO ITPAKTHUYCCKHU OAUHAKOBBIC PC3YJIbTATHI.
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Pucynok 2 Biusane xatnonHoro monumepa u PAX XL-61 Ha crenens ynanenus BB (csepxy) u O-@ (cHuzy) u3
MOJICITBHOM CTOYHOM BOJBI CO cpenHUM conepkanneM BB u cpenaum conepkannem O-® npu 3aagennu pH 6.0.

Ecnu cpaBuuBath crenenu ounctku or BB u O-® npu ucnonb3oBaHnu koaryissHToB ALS u
PAX XL-61, cranoButcs sicHo, uto ALS Gonee >pdextuBen ans ynanenus ¢ocdaros, B TO
Bpems kak PAX XL-61 neiictByer Ooblie Kak MOJUMED M €T BHICOKHE CTETIEHH OYUCTKH OT
B3BEILICHHBIX BELIECTB.

[lpu mpuMeHEeHHH TOCIEIOBATEIBHOTO THMA JIO3MPOBAaHMs HaOJIOAaIach WHas CUTYyaIus,
pe3ysbTaThl ObUIM HECTAaOWJIBHBIMH M CYIIECTBEHHO OTJIMYAIMCh Jpyr oT Jpyra. [lostomy
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HEBO3MOXKHO OBUIO HalTH O0OLIyl0 3aBUCHMMOCTb, MOIXOISIIYIO s OOBSICHEHUS BCEX
MOJIyYeHHBIX JaHHBIX. J[71s momydeHuss Oojiee TOYHBIX PE3yJbTaTOB, U KaXKIOTO OIIbITa
pelImId TPOBOAMTH CEPUHM MapaIeNbHBIX TecToB. OIHAKO 3TO HE YIYyYIIHJIO KadecTBO
pe3yNbTaToB, OTOMY YTO Ja)K€ JaHHbIE, MOJYyYEHHBbIE B AKCIEPUMEHTAaX, MPOBEACHHBIX MPHU
IIOJIHOCTBIO MJIEHTUYHBIX YCIIOBUSX, pa3iuyaiuch Ha 15 — 17%.

[Tocne ananu3a MONy4YEHHBIX JaHHBIX, MPEATI0KUIN HECKOIBKO (PAKTOPOB, KOTOPHIE BEPOSITHO
BHOCWIM BKJIag B KoieOaHue 3((EeKTUBHOCTH OYHUCTKH. TakumMu (akTOpamMHu CUHTAIH
TeMIIepaTypy MOJIETBLHON BOJBI W METOJ O0TOOpa MpoO, KOTOPBIM HCIOJIB30BAIHM ISl OTOOpa
CyIlepHATaHTa MOCJIE KOATYJISAIHH.

B cepunm nomonHUTENBHBIX TECTOB BBIIBWIIM, YTO HCIOJB3YEeMbI MeToJ oTOopa mpod
NPAaKTUYECKH He BIMAT Ha pe3yibTarel. OIHAKO TeMIeparypa MOJENBbHOM BOJBI Hrpaja
CylLlleCTBEHHYIO poib. Hampumep, 3ppexkTHBHOCTh OUMCTKU ObLIA BBIIIE, €CIU 3KCIIEPUMEHTHI
MIPOBOAMIIM Ha MOJEIBHOM BOJE CO cpenHel Temmepatypoit 16 — 18°C , u oHa Obuta IpUMEpHO
Ha 10% wmwke npu temneparype 12 — 14°C. MHTepecHO, 4TO Takoe pas3inyue HadIr0/1ajaoch
TOJIBKO B JMala3oHe HHU3KUX 103 KoaryisHTa. [Ipu mpoBeneHHH MOCIEAYIOUINX HCIBITAaHUH,
BIIUSIHUE TEMIIepaTypHOro (akTopa pElIWIM YYWUTHIBaTh W IOSTOMY CTapaluCh MPOBOAMTH

AKCIEPUMEHTHI HAa MOJICJIbHOM CTOYHOM Boje ¢ Temneparypoi 12 — 14°C.
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Pucynok 3 Biusinue kaTHOHHOTO nosiuMepa U koaryisiuta ALS Ha addexkruBHocTs yaanenus BB (BBepxy) u O-O
(BHM3Y) M3 MOJICJIHOI CTOYHOI BOJIBI CO CpeIHUM cojiepkanreM BB u cpeanum conepxannem O-@ npu 3HaueHUU
pH7.5.
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W3 mpuBefeHHBIX BBIIIE 3aBUCUMOCTEH BUIHO, YTO TeMIepaTypa Oblla HE €TUHCTBECHHBIM
(bakTOpoM, OKa3bIBAIOIIUM BIIMsHUE HA YQPEKTUBHOCTH MPOTEKAHUs MPOIlecca, MOCKOIBKY JdaKe
IIPU OJIMHAKOBOM TEMIIEpaType MOJECIbHOM BOJIbI, CTETIEHH OYUCTKHU CYIIECTBEHHO Pa3InYaIiCh.

Ta6auua 1 BiusHMe KaTHOHHBIX TMOJIUMMEpPOB Ha cTeneHb ypaineHus BB u O-® npum
MmocJCA0BATCIIbBHOM U COBMCCTHOM THUIIAX TO3UPOBAHUA.

MogenbHas Bosa Paznuuue Jo3a koarymnsiHTa npu Jlo3a koaryJnsHTa npu
COBMECTHOM JIO3UPOBAHUH, MT | TIOCIIEIOBATEIBEHOM J03UPOBAHHUH,
—Al/n mr — Al/n
Bisgem. (@1)110%0%1 Cremness 5 8 10 5 8 10
BemectBa | (ocdop | ymareHus
B B BB% 25 24 9.3 5.3 3.5 8.3
0D % 41 35.5 11.2 1.8 4.4 4.7
B C BB % 244 18 9.4 19.2 3
0D % 40 40 14.6 2
B H BB % 33 22.6 7.1 6.8 5.7 4.6
0D % 46.5 39.5 12 19.4 4.2
C C BB % 3.8 4.7 3.4 2
0D % 7.1 16.2 6.3
C H BB % 4.9 43 6.4 3.8 5 4.1
0D % 12.3 20.6 4.5 1.3 8 3.6
H H BB % 5 4.7 7.5 4.4 4.9 6.4
0D % 8.9 5.6 8.2 19.6 13 12.4

Kaxmoe W3 TpUBEICHHBIX 3HAYEHUH TIOKA3bIBAET, HACKOJIBKO KaTHOHHBIC MOJHMMEPHI B
KOMOMHAIIMM C KOAryJIsIHTOM YBEIMYHMBAIOT 3()()EKTUBHOCTH OUUCTKU MO CPABHEHUIO C TOJBKO
KoaryJstHTOM. [Ipu MCTIOIb30BaHIH COBMECTHOTO THIIA TO3UPOBAHMUS U /103aX KOATYJISIHTA 5 MT —
Al/n u 8 mMr — Al/a, nobaBneHrne KaTMOHHOTO TOTUMEpPAa MOXKET YBEIUYUTHh IPPEKTUBHOCTH
ouucTKU 710 46.5%. DTO 03Ha4aeT, 4TO BO3MOXHO YMEHBIIUTh MOJSIpHOE cooTHolieHue Al:P
npuMepHo B 1,86 pasza. OnHako, Takoe CYIIECTBEHHOE BIIMSHUE KATHOHHBIX IOJUMEPOB
HaOJII01a7I0Ch TOJBKO B OKCIIEPHMEHTAaX Ha MOJEIBHBIX BOJAaX C BEICOKUM COJCPKAHNEM YaCTHII
U BBICOKUM — CpPEIHMM — HHU3KMM conepkaHusMu ¢docdopa. Ilpu cpeaHem u HHU3KOM
conepkanusix BB 3HaueHwst Obum HUKe W ObUTH ONMU3KH K pe3yjbTaraM, IOJYYEHHBIM IPH
MOCJIEeI0BATEIbHOM TUIIE TO3UPOBAHUS.

[locne mpoBeneHHsT OMBITOB HA MOJAETBHBIX CTOYHBIX BOJAX, PEUIMJIM TPOTECTUPOBATH
3G GEKTUBHOCTh KOMIIO3MLIMHI, MOKA3aBIIUX HAWIy4IlIHe pPe3ysbTaThl, HA pPEaIbHbIX CTOYHBIX
Bozax. [Ipy 3TOM MCHOIB30BaIM TOIBKO COBMECTHBIM THIT JO3MPOBaHUs. VCTIONB30Ba N OJUH
tun noaumepa (FO 4350), mockoibKy 3KCHEPUMEHTHI € MOJAEIbHBIMH BOJAMH IOKa3ald, 4To
nomumepsl FO 4350 u FO 4240 Opumn onmmHakoBO >(QQeKTHBHBIMH. B momonmHeHHMe K
koaryisHTam ALS n PAX XL-61 ncnonb3oBanu koarysisHT PAX-18.
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Bo Bcex chywasx poOaBieHHE TMONKMMEpa YBEIMUUBANO 3((HEKTUBHOCTH OYHCTKU, H
HauOospmne crenenn yaanenus BB u O-® wabmtomanuck Mpu UCIOJIB30BAaHUU KOATryJISTHTOB B
COYETaHUH C 5 MI/J KATHOHHOTO MOJUMeEpa. DTO MOATBEPKAAET Pe3yIbTaThl SKCIIEPUMEHTOB Ha
MOJIETIbHBIX CTOYHBIX BOJAX M CBHUJETEIBCTBYET O TOM, YTO KOMIIO3UIUU KOATYJSIHTOB H
IIOJIMMEPOB OYULIAOT BOJLY JIyUlIE, YEM TOJIBKO KOAryJISHTHI.

BriBoabI

KaTtnonnsle monuMepsl MOTYT CYLIECTBEHHO BIMSTH Ha cTeneHb yaaineHus BB u O-O.
Ocob6enHo 3T0 HabOII01aeTCs MPH J03aX KOAryJIsIHTa He npeBbimatonmx 10 mr — Al/m.

B HekoTophIX ciyyasx yBenuyeHue 3(P(GEKTUBHOCTH OYHCTKH cocTaBisieT 46.5%. 3to
MOATBEPHKIAET, YTO COYETAHHE KATHOHHOTO IOJIMMEpa W KOAaryJissHTa MOXET O0OecHneduTb
BBICOKYIO CTETIE€Hb OYMCTKHU MPU OTHOCUTEIHHO HU3KUX PAacXoJax KoaryjisHTa.

YacTuyHOe 3aMelleHHe KOaryJisHTa KaTHOHHBIM MOJMMEPOM yMEHbIIAeT TpeOyemylo 103y
KOAaryJisiHTa, 4YTO YMEHBIIAET COJEPKaHHE AIIOMUHUS B I[UIaMe. JTO YJIy4YIIaeT KayecTBO
MOJTy4aeMoro I1jlama U JieJIaeT ero 0osiee MpUroIHbIM B KaueCTBE y100peHUsI.

COBMECTHBIN TUT JTO3UPOBAHUS SIBIISCTCS MPEANOUYTUTEIBHBIM, MOCKOJIBKY 3(()EKTUBHOCTH
IIOCJIEI0BATEIBHOTO TUIIA JO3UPOBAHNS HE BBISIBICHA.

Hampapiienne manpHEHIIMX WMCCIEAOBAHUNA MOXKET OBITh CBSI3aHO BBISBICHHEM (HaKTOPOB,
OKa3bIBAIOUINX BIUSHUE Ha 3()PEKTUBHOCTH MOCIEIOBATEIBLHOIO THIA A03MpoBaHus. Takxke
PEKOMEHJIlyeM TMOCTPOUTh MATEMAaTUYECKYI0 MOJENIb [UJIsi MPOTHO3UPOBAHUS W3MEHEHUI
addextuBHOCTEN yranenus O-® w BB mnpu ucnonp3oBaHUM COBMECTHOTO JIO3UPOBAHMS
KOaryJisiHTa 1 KaTHOHHOTO TOJUMeEpa.
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Abstract

Source-separated systems are mostly used on ships, planes and separate land areas. It caused
the need of local wastewater treatment plants, specifically designed for blackwater treatment.
This work observes the possibility of chemical improvement of small shipboard biological
wastewater treatment plant (Ecomotive) for better phosphate removal from blackwater. There
is considered possibility of usage and process conditions for different separation method:
sedimentation and filtration. There was studied influence of coagulants and flocculants on the
residual value of TSS, COD, TP and OP in water. On the basis of conducted experiments there
was proposed a principal diagram of blackwater treatment process.

Keywords: blackwater, coagulation, phosphate removal, local WWTP.

Introduction

Modern approaches to water and wastewater treatment assume realization of sustainable
development principles. Implementation of DESAR (decentralized sanitation and re-use)
concept can be used for solving problems either poor, or rich countries (STOWA, 2005).

The main element of this concept is that wastewater streams are separated according to their
degree and type of pollution and reuse potential of resources. Three main resources are
considered: bio-energy (originated from transformation of organic material), nutrients
(nitrogen, phosphorus as main nutrients but also potassium and sulphur) and water.

Generally, shipboard wastewaters can be divided into two streams: blackwater and
greywater (including galley water, Sun et al., 2010). Vacuum toilets’ installation gave the
opportunity to reduce the volume of wastewaters. The amount of flushing water is about 1-2 |
(STOWA, 2005). Even though that obtained blackwater is highly concentrated it is still needs
a lot of onboard space.

With a growing demand for renewable energy and decreasing availability of raw materials
such as phosphate and (depending on the location) of water, blackwater is increasingly
recognized as a source of raw materials (Zeeman et al., 2011).

Vacuum toilets and local WWTP are the halves of one system. Domestic wastewaters can
also be divided into blackwater and greywater (Remy, 2010), therefore such systems can be
used on the land as well. For example, they can be used in small separate settlements, in the
railway stations, in dormitories etc.

High concentration of blackwater creates many problems for its purification on an existing
installation, mainly due to the high content of hardly-biodegradable organic contaminants.
System developed for the purification of mixed waste, did not give a satisfactory degree of
purification of blackwater; processes of clogging and foaming increased risk of accidents.

Using of chemical treatment together with biological is one of the most common ways to
enhance removal of phosphorous and suspended solids. According to literature search
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invention of chemical pre-treatment allows to decrease the organic load of biological step from
about 60% to 15%.

Chemical treatment is a well known process but it is interesting to study the possibility of
its implementation into small WWTPs. As the small treatment plants are vulnerable to external
factors chemicals should make the biological processes more flexible.

At the same time addition of chemicals will change the pH of water and its content that will
affect on the microorganisms in biological step and therefore biological treatment efficiency
(Metcalt & Eddy, 1991). As well residual content of chemicals in water can be toxic for
microorganisms, so it is necessary to check their influence.

According to these reasons it was suggested to develop a small shipboard installation for
blackwater treatment. The study is conducted with support of both “Jets” and “Ecomotive”
companies.

Therefore it was proposed to upgrade the existing biological wastewater treatment plant to
ensure stable operation and increase the degree of purification blackwater from the major
groups of impurities. But one of the main reasons is that a new station must be compact, reliable
and work automatically.

The objectives of the research:

— to study if it is possible to enhance phosphate removal in compact biological WWTPs
using common chemical pre-treatment;

— to study if dosages of chemicals are adequate comparing to the dosages on usual
WWTPs;

— to study different separation methods.
Materials and methods

Materials

Inorganic coagulants used in the present work (ALS, PAX-18, PAX-33, PAX-XL60,
PIX-313, PIX-318) are certified commercial products from Kemira (Finland). Organic
flocculants (polyacrylamides FO 4240, FO 4290, FO 4290 SH, FO 4290 SSH, FO 4350 SSH)
are commercial products from SNF Group (France).

Methods

To determine the type of coagulant and its dosage, type of flocculant and its dosage, order
of their addition and process conditions the standard jar-test method was used. Besides that
there was proposed the variation of this method — instead of sedimentation there was used
filtration through the screens with the diameter of holes of 3 mm. These screens are standard
and were adapted for blackwater treatment.

Jar test equipment consists of controller block and 6 11 beakers with mechanical stews.
Controller block allows to set mixing parameters separately for each beaker.

Sedimentation jar-test includes 3 steps: fast mixing (60 s., 350 rpm), slow mixing (10 min,
30 rpm), sedimentation (20 min). Filtration jar-test also consist of 3 steps: fast mixing (60 s.,
350 rpm), slow mixing (10 min if necessary, 30 rpm) and filtration.
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8 samples are obtained as a result of one jar-test: 1 sample of well-mixed raw blackwater, 6
samples of water with different process conditions (as usual chemical dosage), and 1 reference
blackwater sample (it undergoes sedimentation/filtration as others, but without chemicals).

Analyses

For treated and raw water pH was measured using a glass electrode pH meter after fast
mixing step. After 20 minutes of sedimentation there was measured level of sludge. After the
end of jar-test samples of water were taken for further analyses: Total Suspended Solids (TSS),
Total Phosphorous (TP), Orthophosphates (OP), Chemical Oxygen Demand (COD and COD
soluble). After filtration water was well-mixed before sampling. In most cases samples were
taken from the top water layer at 25 mm depth.

TSS were determined according to standard methods using glass fiber filter disks
GF/C 1.2 um (APHA, 2005; SINTEF, 2004). The volume of filtered sample varied from 5 to
50 ml depending on visual observations.

TP was determined in the unfiltered samples using Hach Lange cuvette tests LCK350 and
LCK349 according to standard methods (APHA, 2005). OP were determined in the filtered
samples using Hach Lange cuvette tests LCK350 and LCK349 according to standard methods
(APHA, 2005). As usual samples were diluted 5 to 50 times due to the high concentrations.

COD (CODs) was determined in the unfiltered (filtered) samples using Hach Lange cuvette
tests LCK014 according to standard methods (APHA, 2005).

Results

The raw water is a blackwater taken from Jets™ vacuum toilets in Kaja student dormitories
in As. It is assumed to be representational for the separate sewer systems both on land and on
ships. The amount of flushing water is 1.2 liters. According to measurements blackwater is 10-
20 times more concentrated than municipal wastewater. Blackwater is collected in the 300 1
mixing tank and homogenized. Approximate characteristics of blackwater and typical domestic
wastewater are shown in the Table 1.

Table 1 Blackwater characteristics

Parameter Municipal water! Mean and standard deviation Ne of samples
pH 7.0-8.0 8.50£0.24 25
COD, g 02/1 0.50-1.20 106 1.2 25
CODs, g O2/1 0.2-0.48 3.356+0.3 4
TP, mg/l 6-25 162 +29 11
OP, mg/l 4-15 83+ 12 8
TSS, g/l 0.25-0.6 59+1.4 23

Inorganic coagulants

Addition of aluminium-based coagulants does not cause visual changes in flocs formation,
but the amount of sludge increases with increasing of dosage (Fig. 1). Observed orthophosphate
removal is not enough with the low dosages of coagulants, while using of higher dosages is
impossible as the sludge becomes very volumetric and can fill almost all beaker’s volume. That

! According to Henze, M., & Comeau, Y. (2008). Wastewater Characterization.
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means that it is necessary to add flocculants to make sludge more compact and to increase OP
and TSS removal.

Dosages of coagulants were taken so that the molar ratio was Me : TP =0.7 —2.0. According
to wastewater treatment practice it should be from 2 to 4.

k::ldfnsm 58/l ==ALS CODmg 0,/
50 ~8-PAX18
0.1 = = PR W
130 S 5 ——PAXXL60 6000
120 / -
110 * /. i ol : 7 : |
100
bl e ALS 4 3000 i
e ~E-PAX1S 2000 —=E=PAX-18
z — —ewes ) 5y g | A
21 ——PAXXLE0 — e PANONED
¥ 0 ! 0+ . ‘
0 5 10 15 20 D 5 i ! ! 10 § 5 i . H 0
Dt ol Dose, mmol/| Dose, mmol/|
AL ——ALS
TP, mg P/l — O, mg P/l
| ~m—PAX-18 i ¥ s
120 =ir=PAX-33 - —4—PAX-33

== PAX-XL60
80

70
60 +
50 |
40 |
30 -
20 1
10 |
0 4

0 2 4 6 8 10

= PAX-XL60

0 2 4 6 8 10

Dose, mmol/l

Dose, mmol/l

Figure 1 Results of aluminium-based coagulants’ usage.

Even though that aluminium-based coagulants show better work at pH = 6.5-7.0 it was
decided not to influence the pH level. First, experiments with pH-adjustment showed, that at
pH < 7.0 it is began gassing and partial sludge floating (Fig. 2). It is assumed that gassing
caused by HaS or CO:2 emissions. One part of sludge is settled to the bottom of the beaker, the
other one lifts up to the top. So the top layer is a mixture of air bubbles and particles. Second,

pH regulation means installation of additional equipment and additional volumes needed for
chemicals.

Figure 2 Results of pH adjustment. From the left to the right pH: 5.5;6.0;6.5;7.0;7.5;8.0.

After addition of iron-based coagulants water becomes of deep black color (Fig. 3), which
will cause failure in further photometric analysis. Moreover due to the sharp decrease of pH

level it is observed gassing and partial sludge floating. Separation process is not observed that
mean that these coagulants cannot be used for blackwater treatment.
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Figure 3 Usage of iron-based coagulants

Organic flocculants

Particles in wastewaters usually have negative charge, so it was decided to choose as
flocculants cationic polyacrylamides. Together with paper in water they bind in very big flocs,
creating some kind of matrix (Fig. 4a). This leads to the fact that sludge almost does not thicken
during 20 minutes (sedimentation time). For these reasons it was proposed to use standard
screens to separate sludge (Fig. 4b).

a N o b

Figure 4 Matrix created by addition of PAA into the blackwater (a). Image analysis was conducted by Nataliia
Sivchenko, PhD candidate of IMT, NMBU. Laboratory form of screen, used for filtration (b)

Experiments showed that the more flocculant we add, the more TSS and COD removal. So
the amount of flocculant mainly regulates by cost limitations and requirements for sludge and
water composition.

Treatment efficiency of polyacrylamides of different molecular weight (FO 4290, FO 4290
SH, FO 4290 SSH) depends on the separation method. In sedimentation jar-tests the best results
were obtained for polymer with lower molecular weight (FO 4290). Whereas in filtration jar-
tests molecular weight of PAA does not affect significantly on the TSS or COD removal (Fig.
5).

It was found, that using high dosages of flocculant ( >40 mg/l) we can change slow
sedimentation for fast filtration. The difference between treatment efficiency for sedimentation
and filtration decreases with the polymer dosage increase. Moreover it was discovered, that
slow mixing time before filtration can be decreased to 0.5-1 min. So it is possible to “save”
about 30 minutes (slow mixing and sedimentation).
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Figure 5 Values of TSS and COD for polymers of different molecular weight using sedimentation and filtration.

5mi 4290

10ml 429¢

5ml 4290 SH

10ml 4290 SH

5ml 4290 SSH
10m| 4290 SSH

Addition of both coagulant and flocculant provides better results. Coagulant binds
orthophosphate ions, while flocculant enlarges particles and makes sludge more compact.
Among different coagulants ALS in pair with FO 4290 (25 mg/l) showed incredible results in
sedimentation jar-test when flocculant is added after coagulant: TSS removal for 99.2%, COD
—70.3%, TP — 98.4%, OP — 98.0%. (Fig. 6). At the same time if to compare dosages with usual
dosages in WWTPs, it is seen that they are adequate (1.8 mol Al/ mol TP against
2-4 mol Al/ mol TP for WWTPs).
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Figure 6 Results of addition both coagulant and flocculant FO4290 (25 mg/1).
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Using filtration instead of sedimentation gives sufficiently lower results for TSS (51.0%),
COD (45.7%) and TP (64.6%) (Fig. 7).Simultaneous addition of chemicals in sedimentation
jar-test also decreases treatment efficiency for TSS, COD and TP to the meanings 94.4%,
66.6% and 93.6% correspondingly (Fig. 7).
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Figure 7 Comparison of results for simultaneous and sequential addition of chemicals with sedimentation, and
for sedimentation and filtration for sequential addition of chemicals.

It is seen that OP removal also depends on the separation method and order of chemicals’
addition, but for the high dosage of ALS ( 9.32 mmol Al/l) the results are quite similar.

The velocity of fast mixing does not affect on the treatment efficiency in sedimentation jar-
tests with both coagulant and flocculant. Increasing time of fast mixing up to 40 sec will cause
decreasing treatment efficiency.

On the basis of the results there was proposed a principle diagram of treatment process (Fig.

7 8
‘Water
Coagulant Flocculant

Blackwater Treated water

HHHJH

T
ST

Figure 8 Principle diagram of blackwater treatment process. 1, 5 — holding tanks; 2, 3 — mixing tanks;
4 — separation step (sedimentation/filtration); 6 — biological treatment; 7, 8 — containers.

Conclusions

Conducted analysis gave the reasons to say that it is possible to use common chemical pre-
treatment to enhance phosphate removal in compact biological WWTPs. It will help to decrease
loading of biological step.
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It is also necessary, that used coagulants are common and their dosages (relatively to the
TSS/COD/TP/OP) are not exceed dosages for municipal wastewaters.

It is possible to use filtration instead of sedimentation due to the high size of flocs, created
by polymer and paper in blackwater. And installation of screens may help to decrease total
treatment time.
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Onrtumuzanust  yaajdenusi ¢docharoB Ha JOKAJIbHOW OHOJOrHYeCKOM
CTAHIMN OYHCTKHU CTOYHBIX BO/I C HCMOJIb30BAHUEM KOATYJISIIIUH

A. Oueiitnuk!, I1. KosbMunbix?, A. Xeiicran?

! HanmoHanbHb1i TeXHMYeCKuii yHuBepcuteT YKpauHsl, «KueBcKuil onuTeXHUIecKuii MHHCTUTYT», oleynik n@;i.ua
2 HopBesKCKHil YHUBEPCHTET ecTecTBeHHbIX Hayk, Oc, Hopserus, pavlo.kozminykh@nmbu.no

AHHOTAIHSA

CucrteMmbl pa3fieJIeHus CTOKOB, B OCHOBHOM, HCIOJIB3YIOTCS HA KOPAOJIAX U caMoJIeTax, a TAKKe
Ha OTJENBHBIX 3EMENIbHBIX ydacTKax. Ha ceromHsmHuii JeHb BO3HHKIA HEOOXOIMMOCTH
pa3pabOTKH JIOKAJIbHBIX OYMCTHBIX COOPY)KEHHH, CIICIIMATBEHO MTPEAHA3HAYCHHBIX [T OYUCTKU
«4epHOI» BOJBL. JTa paboTa paccMaTpUBAET BO3MOXKHOCTb YIIYYIICHHUS HEOOIbLION
KOpaOeTbHOH cTaHIMK OMOJIOTHYECKOM OYUCTKH CTOYHBIX BoJ (Ecomotive) 3a cueT BBeneHHS
XMMHUYECKOH OYHCTKH Ui JIydliero ynaneHus QocdaTtoB H3  «UEPHOI»  BOJIBI
PaccmarpuBaeTcsi BO3MOKHOCTh TIPUMEHEHHS pa3IMYHBIX METOAOB pasneneHus (a3
(ocaxxnenne W (uiIbTpamMs) W yCIOBHS HMX HCIOJNBb30BaHUs. PaccmaTpuBaeTcs BIUSHHE
KOAryJISIHTOB M (DJIOKYJISIHTOB Ha OCTATOYHOE COZAEP)KAaHWE B BOJAE B3BEIICHHBIX BEIECTB,
XIIK, obmero ¢ocdopa u oprodocdaros. Ha ocHOBaHMH TPOBEACHHBIX YKCIIEPUMEHTOB ObLIa
NpeIoKeHa TPUHIUITHAIBHAS CXEMa TPOLIECCa OUUCTKH «IEPHOID» BOJIBL.

KnioueBble ciioBa: «depHas» BOJa, Koaryisinus, yxamneHue (ocdaToB, JIOKadbHAs CTAHINS
OYHCTKH CTOYHBIX BOJI.

BBenenune

CoBpeMeHHbIE TOAXOABl K OYHUCTKE TNHTHEBOM M CTOYHOM BOJBI, MPEINOJIAraioT
peanu3anMio TPUHLOUIOB YCTOWYMBOrO pasButusa. Buenpenne konuenuuun DESAR
(decentralized sanitation and re-use — IEHEHTPaIM30BaHHOE KaHAIW30BAaHHE W MOBTOPHOE
UCIIOJIb30BAaHME) MOXKET OBITh HCIIOJIB30BAHO ISl PEIICHHs MPOOJIeM Kak OCIHBIX, TaK U
ooratbix ctpan (STOWA, 2005)

OCHOBHBIM DJIEMEHTOM DTOH KOHICIIIIUMN ABJISICTCA TO, YTO IIOTOKM CTOYHBIX BOJ
PasaACIAOTCA B COOTBETCTBHUU CO CTEIICHBIO U TUIIOM 3arpsA3HCHUA, a TAKXKEC B 3aBUCHUMOCTH OT
MOTEHIMAJIa TIOBTOPHOTO MCIOJB30BaHMs pecypcoB. PaccmaTpuBaloTcs TpH OCHOBHBIX THIIA
pecypcoB: OuodHeprusi (BO3HHMKAET MPH MPeoOpa3OBaHUM OPTraHWYECKOTO MaTepuaia),
NUTATCIBHBIC BEIICCTBA (a3OT, (bOC(l)Op B KAa4CCTBC OCHOBHBIX ITUTATCIBHBIX BCIICCTB, 4 TAKKC
KaJIM{ ¥ cepa) U BOja.

Kak mpaBuio, kopabGenpHble CTOUYHBIE BOJIBI MOKHO pPa3AeiIUTh Ha J[Ba MMOTOKA: «YEepPHASD
BOJIa M «cepas» Boja (BKIo4as Boay OoproBoii kyxmu, Sun et al., 2010.). YcranoBka
BaKyyMHBIX TyaJeTOB Jlaja BO3MOXKHOCTb COKPAaTHTh O0bEM CTOYHBIX BOJ. KommuecTBo
MPOMBIBOYHON BOJIBI cocTaBisieT nmpumMepHo 1-2 nm3 (STOWA, 2005). HecmoTtpst Ha TO, 4TO
MOJTyYeHHAs! «4epHas» BOJa SIBJIACTCS BBICOKOKOHIICHTPHUPOBAHHOM, I HEE MO-IPEKHEMY
TpebyeTcst 60JbII0E KOJINYECTBO IPOCTPAHCTBA HA OOPTY.

B cBsa3u ¢ pocrom cmpoca Ha BO300HOBISIEMBIE MCTOYHUKU SHEPTHMM M CHUIKCHUEM
JOCTYITHOCTH CBIPBS, Takoro kak (ocdarsl M (B 3aBUCHMOCTH OT PACIIOJIOKEHUsI) BOJA,
«4epHas» BOJa MOJydyaeT Bce Oobplee MPU3HAHNE B KAYeCTBE NCTOYHMKA CHIPBS (Zeeman et
al., 2011).
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BakyyMHbIe TyaneTbl U JOKaJbHBIE OYHCTHBIC COOPYKCHHSI SIBJISIFOTCS YacTSIMH OJTHOU
CUCTEMBI. BBITOBBIC CTOYHBIX BOJ| TAK)KE€ MOXKHO Pa3JICTUTh HA «YEPHYIO» BOIY U «CEPYIO»
Bojay (Remy, 2010), mosTOMYy Takue CUCTEMBI MOTYT OBITh UCIIOIB30BAHBI TAKIKE U HA 3eMJIC.
Hampumep, oHM MOTYT OBITH HCIIOJIE30BaHBI B HEOOJBIINX OTJCIBHBIX IOCEICHUSAX, Ha
BOK3aJIaX, B OOIICKUTUAX U T.J.

Bricokasi KOHLIEHTpAIMs «YEPHOI» BOJBI CO3/Ia€T MHOIO MpoOJeM MpU €€ OYHMCTKE Ha
CYILECTBYIOIIEH  YyCTaHOBKE, B  OCHOBHOM 33  CUYET  BBICOKOI'O  COJAEpKaHUs
TpyAHOOMOpa3IaraeMbeIX OpraHMYecKux 3arps3Hennii. Cucrema, pa3paboTanHast Ui OUUCTKH
CMEIIAHHBIX CTOKOB, HE JaBajia JOCTATOYHOI'O YPOBHSI OYUCTKH «UYEPHOI» BOABI, TaK Kak
MPOLECCHI 3aCOPEHUS M IEHOO0PAa30BaHUS MOBBIIIAIN PUCK HECYACTHBIX CITyYaeB.

CoBMeCTHOE UCTOTh30BAHNE XUMUYECKOW U OMOJIOTHYECKONW 00paOOTKH SIBISIETCS] OJTHUM
U3 HanOoJee pacTpoCTPaHEHHBIX CIIOCOOOB MOBBIMICHUS yaaideHus: Gocdopa U B3BEIICHHBIX
BemecTB. JInTepaTypHbIii MOUCK MOKa3all, YTO JOOaBICHHE MPEIBAPUTEIBHON XUMHUECKON
00pabOTKHM MO3BOJISIET YMEHBIINTH OPTaHMYECKYIO0 HArpy3Ky Ha OMOJIOTHUECKYIO CTaJUI0 Ha
60% — 15%.

Xumuueckas 00pabOTKa SIBJISIETCS XOPOILO U3BECTHBIM MPOIIECCOM, HO HHTEPECHO U3YUHUTh
BO3MOJKHOCTh €r0 pealii3allii B HEOOJBIINX OYHCTHBIX COOPYKECHHSX. Tak Kak JOKaJbHBIC
OUMCTHBIE COOPYXKEHHUsS YSI3BUMBbI K BHENIHMM (DaKTOpaM, TO PEarcHThl JOJDKHBI CJIeNaTh
OMOJIOTMYECKHE TTPOIECCH 00JIee THOKIMH.

B T0 xe Bpems jpo0aBiieHHE peareHTOB BBI30OBET M3MeHeHHe pH BOjBI U ee cocraBa, 4To
MOXKET MOBJIHSTH HA MUKPOOPTaHH3MbI B OMOJIOTMYECKOM PEaKTOpe, U, COOTBETCTBEHHO, Ha
apdexTuBHOCTE Ononormueckoir ounctku (Metcalt & Eddy, 1991). Tak kak ocrtarounoe
COJIep)KaHUE PEAareHTOB B BOJE MOXET OBITh TOKCHYHBIM JJISi MHUKPOOPTaHHU3MOB, TO
HEOOXOIMMO TIPOBEPHUTH UX BIHSHUE.

Ucxoas u3 aToro, ObUIO MPEATIOKEHO Pa3padoTaTh HEOOIBIIYI0 KOPAOEIbHYIO YCTAHOBKY
JUISL OYHUCTKHU «4YepHOiD» BOJbI. VccrnemoBanue MpOBOJAUTCA IO 3aKazy KOMIMaHWM «Jets» u
«Ecomotive».

ITosTomy  OBUIO  MPEATIOKEHO  MOJAEPHU3MPOBATH  CYIIECTBYIOIIYIO  yCTaHOBKY
OMOJIOTUYECKOM OYUCTKU CTOYHBIX BOJI ISl 00ECIICYeHUs CTA0MILHON paObOThl M YBEITHYCHHUS
CTEIIEHN OYUCTKH «YEPHOW» BOJIBI OT OCHOBHBIX TPYI NpuMeceir. Ho olHOW M3 TIIaBHBIX
NPUYHH SBISIETCS TO, YTO HOBAsl CTAHIUS JOJDKHA OBITh KOMIIAKTHOM, HAaJIS)KHOM M paboTaTh
ABTOMAaTUYECKH.

Ilenu uccnenoBaHus:

—  M3YYUTh BO3MOXKHOCTH yIIy4dIlIeHUs yaaneHus! (hoc(aToB B JOKATBLHBIX OMOJOTHUYECKUX
OUYMCTHBIX CTAHIUAX 32 cUeT 100aBIEHHS MPEABAPUTEIBHON XUMUYECKONH OUYUCTKHY;

— HW3YYUTh, SABISIOTCS JIN ONTHUMAJIBHBIE O3Bl PEAr€HTOB a/IEKBaTHBIMU B CPABHEHUM C
UX J03aMH Ha OOBIYHBIX OYHCTHBIX COOPY KEHUSX;

—  U3YYUTb pa3In4HbIe METObI pa3zencHus das.
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MaTepnanLI U METOAbI

Matepuabl

Heoprannueckue xoarynsiHTBI, UCTIOJB3yeMble B 3Toi pabote (ALS, PAX-18, PAX-33,
PAX-XL60, PIX-313, PIX-318) — 310 ceprudunupoBanHas npoaykius komnanuu Kemira
(®unnsuaus). Opranndeckue GuokysiHTH (monuakpunamuabl FO 4240, FO 4290, FO 4290
SH, FO 4290 SSH, FO 4350 SSH) npoxayxtsl komnauun SNF Group (®panus).

MeToabl

Jlns ompeneneHus THUINA U JI03bl KOAryJsIHTA, THMA M J03bI (DIOKYJISHTA, MOPAIKA HX
BBEJICHUS U YCIIOBUH Ipoliecca ObUT HCHOIb30BaH CTAHJAPTHBIA METOA — METOJ JKap-TecTa.
Kpome Toro, ObT mpeanioxkeH anbTepHATHUBHBIN BapHaHT 3TOTO METOJA — HCIOIb30BaHUE
BMECTO OTCTaMBaHUS (DMIBTPALIMU Yepe3 CUTa C TUaMeTpoM OTBepcTuil 3 MM. DTH cuTa
SBIISIIOTCS CTAaHAAPTHBIMU M PaHee yKe ObUIM aAanTHPOBAHBI JIJIsl 00pa0OTKH «UEPHO» BOBI.

O6opynoBanue JJIsl TPOBEJCHHUSI JPKAP-TECTOB COCTOMT M3 KOHTpOJUIEpa M 6 CTaKaHOB C
Memankamu Ha 1 am3. BIok ympapieHus I03BOJSET 3aJaBaTh HapaMeTPhl OTAEIBHO IS
Ka)KJIOM MEIaJIKH.

JIKap-TecT ¢ OTCTaMBaHMEM COCTOMT M3 TpeX JTaloB: ObicTpoe mepememBanue (60 c,
350 06/muH.), menernroe nepememuBanue (10 mun, 30 06/MuH), ocaxaenue (20 mun). Jxap-
TECT C OTCTauBaHUEM (PUIIbTpAIMEil TaAK)KE COCTOUT U3 3 ITAIOB: OBICTPOTO MEPEMEIINBAHUS
(60 ¢, 350 06/mun), Mmennennoro nepemMerniuBanus (10 MuH, pu HEoOXxoauMocTH, 30 06/MUH)
U (pUIbTpaIHN.

Takum oOpa3om, B pe3ybTaTe JHKap-TecTa MmoiydaeM 8 o0pasioB: ouH 00paser Xopouio
nepeMenaHHONl UCXOIHON «UYEepHOI» BOBI, 6 MPOO BOJBI C pa3HBIMH YCIOBUSIMHU TIpoIiecca
(0OBIYHO pa3HOM 710301 peareHTa) U 1 «HyJIEeBOM» 00pasell «4epHO» BOJBI (3Ta BO/IA TAKKE
MPOXOUT CTAUIO CeIUMEHTAINN/ PUITBTPALMY KaK U IpyTUe, HO O6e3 J00aBICHUs pEarcHTOR).

AHaIN3BI

B o6paboTannoii n ucxonHoi Bojge pH u3mepsnu ¢ momoiisio pH-MeTpa co cTeKIITHHBIM
AIIEKTPOIOM TIOCNIe CTaguu ObicTporo mepemennBanus. [locine 20 MUHYT OTCTaMBaHUS TaMm
U3MEPSUTH YPOBEHb ocajka. llocie okoH4aHus JKap-TecTa OTOMPATUCh MPOOBI BOIBI IS
JANbHEHUIINX aHaM30B: cojepkaHue B3BelleHHBIX BemecTB (BB), obmero docdopa (P),
oprodocdaros (PO4+*), xummuaeckoro norpednenns kucnopoaa (XIIK u XIIK pactBopumoro).
[Tocne ¢punbTpanu Boja XopouIo nepeMeninBaiach nepex oroopom mnpod. B OonbmmHcTBE
cllydaeB MpoObl OTOMPATIUCH U3 BEPXHETO CJI0S BOJbI HA IITyOHHE 25 MM.

BB ompenensuin B COOTBETCTBHE CO CTAHJAPTHOM METONHMKOW C HCIIOJIB30BAHUEM
cTekioBolokOHHBIX (minbTpoB GF/C 1.2 um (APHA, 2005; SINTEF, 2004). O6bem
GunbTpyemMoro oopasua 6611 5 — 50 ¢cM® B 3aBUCHMOCTH OT BU3YallbHOM OLICHKH.

O6muit dpocdop ompesensics B He QUIBTPOBAHHBIX 00pa3ax ¢ MOMOIIBIO KIOBETHBIX
tectoB Hach Lange LCK350 u LCK349 B cooTBeTcTBHE O cTanAapTHOM MeToaukon (APHA,
2005). OpTtodocdaTs! onpenesumch B MPOoQILTPOBAHHBIX 00Pa3ax ¢ TOMOIIBIO KIOBETHBIX
tectoB Hach Lange LCK350 and LCK349 B cooTBeTCTBHE CO CTaHAAPTHOW METOIUKOM
(APHA, 2005). O0br4H0, 00pas3iibl pa3Boawiv B 5 — 50 pa3 n3-3a BEICOKHUX KOHIICHTPAIUH.
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XIIK (XIIKp) ompenensiu B He (UIBTPOBAHHBIX (TPOPUIBTPOBAHHBIX) 00pasmax ¢
noMonipio KioBeTHeIX TecToB Hach Lange LCKO14 B cooTBercTBHME CO CTaHIApTHOU
meroankoii (APHA, 2005).

Pe3syabTaTsl

HcxonHas Boma 5TO «4epHas» BOJA, B3ATas M3 BaKyyMHBIX TyaneToB ¢upmbl Jets™,
YCTAaHOBJICHHBIX B CTyjAcHUYecKkuX obOmexuTusx Kaja, B ropone Oc. Ilpeamonaraercs, 4ro
COCTaB TIOJTy4aeMOM BOJIbI XapaKTEePEeH Kak Il KOpaOenbHBIX, TaK U JUIsl HA3EMHBIX CHCTEM
pasziesIeHus] CTOKOB C MCTIOJB30BaHNEM BaKyyYMHBIX TyajieToB. KonmmuecTBo CMBIBHOM BOIBI 1,2
am®. CornacHo M3MepeHusIM «depHas» Boga B 10-20 pa3 Gojee KOHLEHTPHPOBAHHAS, YEM
rOpOJICKHE CTOYHBIE BOABL McxomHas Boxa cobupaercs B pesepsyape Ha 300 aM?, rie ona
nepeMenmBaeTcs. [I[puMepHble XapaKTepUCTUKH «YEPHOW» BOJBl M TUIMYHBIX OBITOBBIX
CTOYHBIX BOJ| IPUBEJICHBI B TabmuIe 1.

Tabauna 1 XapakTepucTuka «4epHON» BOJIbI

Koa-Bo Cpennee 3HaueHHe M CTaHgapTHoe JlaHHBbIE UIsI
IMapamerp 1
00pa3noB  OTKJIOHEHHE I'CB
pH 25 8.50+0.24 7.0-8.0
XIIK, r O2/am? 25 10.6 +1.2 0.50-1.20
XIIKp, r Oz/am? 4 34+03 0.2-048
Obuuwii pocepop, 1 162 + 29 625
mr P/nm3
OpTto-pochaTtsi, 2 3+ 12 415
mr P/am3
BB, r/am? 23 59+14 0.25-0.6

Heopralmqecmle KOaryJassiHTbI

BBenenne koaryJssHTOB Ha OCHOBE QJFOMUHHS, BH3YAJIbHO HE BBI3BIBACT W3MCHCHHS B
XJIONIbEOOPA30BaHNY, OJHAKO 3aMETHO 3HAYMUTENIbHOE YBEJIMYEHHE KOJMYECTBA OCA/IKa C
yBeIuueHueM /1036l koaryssiHta (Puc.l). Huskue 1036l KOarysissHTOB He JalOT JOCTaTOYHOTO
ynaneHus opropocdaros, a UCIOIB30BaHUE 00JIee BHICOKHX 103 HEBO3MOXKHO, TAK KaK 0CaI0K
CTaHOBHTCS O4€Hb OOBEMHBIM U 3aIIOJIHSET ITOYTH BeCh CTakaH. TakuM oOpa3oM, BUHO, YTO
OJTHUX JIMIIb KOAryJISHTOB HEJOCTAaTOUYHO — HY>KHO J100aBUTh (DJIOKYJISHT, 4YTOOBI YBEIUYUTh
ynanenue oprodocdaros u BB u cnenars nutam 6osiee niaoTHbIM.

J103bI KOAryJisHTOB ObLTH B3AThl TAKUM 00pa30M, 4TOObI MOJILHOE OTHOIIICHUE METaJlIa K
dhochopy 0suT0 XOTs OBI 0,7 — 2,0. IIpakTKa OYUCTKUA CTOYHBIX BOJI ITOKA3bIBAECT, UTO OHO,
00BIYHO, OT 2 110 4.

! According to Henze, M., & Comeau, Y. (2008). Wastewater Characterization.
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Pucynox 1 Pe3ynbpTaTsl mpuMeHEHHS KOATYJISTHTOB HA OCHOBE ATIOMHHUS.

XOoTsl KOaryJsitHThl Ha OCHOBE alOMUHUS Jiyuiie pabortator npu pH = 6,5-7,0, ObL10

NPUHATO pEUIeHWE HE peryiaupoBatk ypoBeHb pH. Bo-nepBeix,

OKCIICPUMEHTBI C

perynupoanueM pH nokazanu, uro npu pH < 7,0 npoucxoauT BeIAEIEHNE Ta3a U YACTUUHOE
BCcIuibiBanue xjomnbeB (Puc. 2). [Ipeanonaraercs, uto BeinensemMbie ra3sl 310 HaS n/mm COz.
OpHa yacTh XJIONBEB OCENAeT Ha JHO CTAaKaHa, a Jpyras MOJHUMAaeTcsi K Bepxy. Takum
00pa3om, BepXHMH ClIOH MpeacTaBiseT co00i cMech BO3AYIIHBIX My3bIPbKOB U yacTull. Bo-
BTOPBIX, peryiupoBanue pH mnoapasyMeBaeT yCTaHOBKY JIONOJHHUTEIBHOTO 000pYyI0BaHUS U
UCII0JIb30BaHKE JOMOJIHUTEIIBHBIX PEareHTOB, YTO 03HAYAET OOJIBIIYI0 CTOUMOCTb.

Pucynoxk 2 Pesynbrats! perynuposanus pH. Ciea nanpaso pH: 5.5;6.0;6.5;7.0;7.5;8.0.

[Tocne BBeZeHNs KOATYJISTHTOB HA OCHOBE KeJe3a BOAA CTAHOBHUTCS HACBHIIIIEHHOT'O YEPHOTO
nseta (Puc. 3), 4To He 1aeT BO3MOKHOCTH MMPOBECTH albHEHIINE (POTOMETPUIECKHIE aHAIIU3BI.
Kpome Toro B cBsI3M ¢ pe3kuM CHIKeHHeM ypoBHS pH HaOmomaercss razooOpa3zoBaHue H
JaCTHYHOE BCIUIbIBaHME IITaMma. [Ipomecc pasneneHus He HAOTIOJAETCS, YTO O3HAYAET, YTO
9TH KOAryJISTHTBI HE MOTYT OBITh HCIIOJIb30BaHbI TSI OYUCTKH «UEPHOI» BOIBI.
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Pucynox 3 Pe3ynpTar BBEZIeHNS B «UEPHYIO» BOJIy KOATyJISTHTOB HAa OCHOBE KeJle3a.

Oprannyeckue GaoOKyJITHTHI

Kak npaBuiio, 9acTHYKM B CTOYHBIX BOJAX UMEIOT OTPUIATEIBHBIN 3apsil, OITOMY OBLIO
MIPUHSATO pelIeHne BEIOpaTh B KadecTBe (DIOKYISTHTOB KATHOHHBIC MOJHAKpUIaMUABL. B Bome
OHH 00pa3yroT ¢ Oymaroi oueHb OOJIBIIIHE XJIOMbS, CO3/[aBasi CRoero pojia mMatpuity (Puc. 4a).
OTO NPUBOJIUT K TOMY, UTO OCaJIOK MPAKTUUECKH HE YIIOTHSIETCS B TeueHne 20 MUHyT (Bpems
orctauBanus). [10 3TUM puyrHaM OBLIO TPEIIIOKEHO UCTIONH30BaTh CTAaHIAPTHBIE CETKH IS
oTaeneHus xuomnbes (Puc. 40).

Pucynox 4 Marpuna, nomydyennas npu jgob6asieHuu ITAA B «uepHyIo» Boay (a). AHalu3 U300pa)KeHUs
nposonuina Haramusa Cusuenko, acnupantka NMBU. JlaGopaTopHblii BapHaHT CETKH, UCIIOIb3YEMOW s
¢unbTpoBanust (0).

DKCIEPUMEHTHI TTOKAa3aJId, 9TO 4eM OoJbille Mbl J00aBisieM (pIoOKyisHTa, TeM OOoIbIIe
ynaneane BB um XIIK. Takum 00pa3om, KOJUYECTBO HCIIOIB3yeMOTo (IIOKYJSHTA, B
OCHOBHOM, OTPaHUYMBACTCS €r0 IIEHOW U TPEOOBAHUSIMH K COCTaBY IIJIaMa U BOIBI.

O} PexkTUBHOCTH OYUCTKH MOJMAKPUIAMHJIOB Pa3IMYHON MoeKy sipHO# Macchl (FO 4290,
FO 4290 SH, FO 4290 SSH) 3aBucur or Merona pasaeneHus ¢a3. B mxap-tecrax c
OTCTaMBAaHUEM JIy4ylllMe pe3yJbTaThl OBUIM TOJNyYEHBl Ul IojuMepa c Ooyiee HHU3KOM
monekyisipHoir maccoir (FO 4290). B To ’xe Bpems B Jpkap-Tectax ¢ (HIbTparuen
MouieKyJsipHas macca [IAA He oka3bIBaeT CYLIECTBEHHOI'O BIMSIHMA Ha yaaineHue BB umm
XIIK (Puc. 5).

Oxkasanock, YTO NMPH BBICOKUX J103aX (IIOKyisHTa (> 40 Mr/aM?), Mbl MOKEM 3aMEHHTH
JUINTENIbHOE ~ OTCTamBaHWe Ha Oojee ObicTpoe ¢uiubTpoBanue. Pasnuma Mexmy
3¢ PEKTUBHOCTHIO OUYHUCTKU NMPH OTCTAaUBAaHUU U (UIBTPAILIMM YMEHBIIAETCS C YBEINYCHUEM
J103bI TIosIuMepa. Kpome Toro, ObIII0 0OHAPYKEHO, UTO BpEeMsI MEJJICHHOTO TIepeMEeITHBaHUS
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nepen (uiabTpoBaHMEM MOXKET ObITh yMmeHblieHO 10 0,5-1 mMuHyTh. Tak 49TO MOXKHO
COKOHOMUTH 0KO0JIO 30 MUHYT (MeIUIEHHOE TIepEeMELINBAHNE H OTCTAaUBAHNUE).

BB, r/am* B Wcxoanas Boga/ oTCTansakue XK, mr 0,/am* W WexopHan Boga/ oTcTansarine
® Vicxoanas 8043/ dunsTpoBamMe 12000 m Moxognan sona/ duistposarme
671 © Orcransative = OTcTansanve

g B GUNbTPOBaHKE 10000 - m PunbTpoBarue

B 8000
41 6000 -
4000
2
1 ‘ ‘ i ' - ' I I “ I I
0o v T 1
o = i e
°

o
&

5mn 4290
10mn 4290
S5mn 4290 SH
10mn 4290
5mn 4290 S5H
10 mn 4290 SSH
5mn 4290
10mn 4290
5ma 4290 SH
10mn 4290 SH
5mna 4290 SSH
10 mn 4290 SSH

Pucynox 5 3nagenns BB u XIIK npu wucrmonp3oBaHMM TOJIMMEPOB Pa3HON MOJEKYISIPHOH MacChl TPHU
OTCTAaMBaHHUU U (UIBTPOBAHUH.

KoaryastHt 1 pyiokyJasiHT

JloGaBneHne ¥ KoaryJsHTa, W (JIOKYJISHTa TPHUBOAUT K 3HAYUTEIBHO JYUIIUM
pe3yJsibTaTam, 4eM MpH UX OTACIbHOM NMPUMEHEHHUH, TaK KaK MPU ITOM KOATYJISTHT CBSI3BIBACT
¢docharHpie WOHBI, a (IIOKYJSHT YBEIMYMBACT YaCTHIBI W 00ecneunmBaeT OOJBIIYIO
KOMIIaKTHOCTb OCaJIKa.

Hamnbonee BmewaTisroniye pe3ynbTaTbl COBMECTHOTO MPUMEHEHUS] OBUIM TIOJXYYEHBI IS
koarynsuTa ALS n duokymsara FO 4290 (25 mr/am?). Tlpu 5ToM GoJIbIast CTENEHb OYMCTKH
JOCTHTAeTCS TIPU TOCIEeNOBATEIFHOM BBEJCHUM PEAarcHTOB (CHAayalla KOAryJsiHT, MOTOM
(hnokynsHT) 1 orcTanBanuu: yaanenne BB Ha 99,2%, XITK — Ha 70,3%, obuiero docdopa —
Ha 98,4%, dhocharoB — Ha 98,0%. (Puc. 6). Mconb3yemble 103bI KOAryJISTHTa COOTBETCTBYIOT
TEM, 9YTO OOBIYHO  NPHUMEHSIOTCS  HAa  CTAHIMSIX  OYHMCTKH  CTOYHBIX  BOJ
(1,8 monb Al/ Mok P ipoTuB 2-4 Monb Al/ Mok P 71 OUMCTHBIX CTAHIUI).

Thowen B8, r/gm’ ——ALS XMIK, - -
HU““"""" 25 —a—pAX18 so00 | Oulam —m-PAX18
E —PAY-33 7000 ——PAX-33
110 —PAXXLE0 6000 —— PAX-XLEO
L 5000
%0 - 2000 |
8 —=ALS 3000
70 =#-PAX 18 2000
o = PAX-33 1606
——PAXXL60 -
50
. s © " 0 0 5 10 15 2 0 5 10 15 20
[Dosa, mmons Alfam’ | Rosa, mmons Al/pm’ | P o Al \
]
P,mr P/am® * ALS PO, MrP/pm® ¢ AL
R —m—PAX-18
PAX3
120 —a—PAX33 120
o el —— PAX-XL60
80
60

0 5 10 15 20 0 5 10 15 20
[Aosa, mmons Al/gm® ) [Bosa, mmone Al/gm* 3

PucyHnok 6 Pe3ybTaThl COBMECTHOTO BBEJIEHHS PA3IMUHBIX KOAry stHTOB U (uiokynstara FO4290 (25 mr/ om?).
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Ecnu BMecTo OTCTamBaHUSI NPUMEHATh (DUIBTPOBAHUE 4Yepe3 CETKH, TO PEe3yJIbTaThl
ouncTku OynyT 3HauutenbHo Hike mansi BB (51,0%), XIIK (45,7%) n obmero ¢ocdopa
(64,6%) (Puc. 7). Eciiu peareHTbI BBOAWTH OJTHOBPEMEHHOE, TO CTEIICHh OUMCTKHU TaKKe OyeT
MmenbIne: 94,4% nis BB, 66,6% s XTIK u 93,6% nns obmiero docdopa (Puc. 7).

BB, r/am’ XMK, mr
5 0,/am?
a5 A~ 10000 —
’ \ —4—HKoarynaHt, notom 9000 — == HKoarynauT, notom
4 \ bnokynaxT/ 8000 dnokynant/
35 N oTCcTanBsaHue 7000 oTCTansaHme
3 6000 -
\ —fli—0pgHoBpemeHHo/ —fli—0pHoBpemeHHo/
25 s 5000 oTCTamBaHue
N v oTcTamBaHue 2000
15 B 3000
1 \ === Koarynaut, notom 2000 ——KoarynauTt, norom
05 \ bnokynaxT/ 1000 prokynaHt/
'0 $unbTposatue 0 . . dunsTpoBanue
T
0 5 10
0 5 10
3
[osa, mmons Alfgm? ! Bosa, mmons Al/pm .
® KoarynsiuT, notom nokynant/ = KoarynauT, notom GnokynaunT/
P, mar P/ppa* oTcTanBaume PO,*, mr P/pm’ STCTAMEENE
= OaHOBpemMeHHo/ oTcTanBanme RO nompemeIg, o EramBeD
120 120
100 & KoarynanT, notom okynant/ 100 = KoarynauT, noTom GnokynaxT/
bunbTposanve $unsrposanme
80 80
60 60
40 40 r
20 20 —+ -
0 - , 0  —
0 8,28 9,32 0 8,28 932
[osa, mmone Al/gm® i fosa, mmons Al/gm’ |

Pucynoxk 7 CpaBHEHHE pe3y/IbTaTOB, MOJYYCHHBIX MPH OJHOBPEMCHHOM H IOCJICHOBATEIBHOM BBEICHHH
peareHToB (OTCTaUBAaHHUE); TIPH OTCTAMBAHHU M (DMIILTPOBaHUH (TIOCIICIOBATEIILHOE BBEACHHE).

VY nanenue oproochaToB TaKkKe 3aBUCUT OT METOA pa3/eneHus (a3 u MopsiKa BBEICHUS
pearentoB. OHaKoO, IPU BBHICOKKX 103aXx ALS (9.32 Mmmosbs Al/am?) cTenens 04nCTKH BO BCEX
Cilydasix TpuOIM3UTENHHO OJIMHAKOBA.

CkopocTh OBICTPOTO MEepeMeIInBaHug HE BIHAET Ha AIPQPEKTHUBHOCTH OYHUCTKU IPH
BBEJICHUU M KOATYJISHTA, U (DIIOKYJISHTA U CEIUMEHTAIMH. Y BEIMYEHUE MTPOAODKUTEIHHOCTH
nepemMeruBanust 6omipiie 40 CeKyH] MPUBOANT K CHIKEHHUIO OUUCTKH.

Ha ocHoBe monyudeHHBIX pe3yJbTaTOB ObUIa TpEJIOKEeHA MPUHIUIHAILHAS CcXeMa
mporecca OUUCTKH «4epHoi» Bojbl (Puc. 8).

7 8

Boda

Koazyngsm i @roxynssm
PRt G

—

“Yepran” bada Ovuwyeras Goda
—> —

Ocadok Ocadok
7 2 3 4 5 6

Pucynok 8 IIpuHiunuansHas cxemMa OYMCTKH «4E€PHOI» BOJIBL. 1 — COOPHUK UCXOIHOM BOJIBL; 2, 3 — CMECHUTEINH;
4 — OTCTOWHHK/PEIIETKH;S — COOPHUK OCBETIICHHOH BOJIbI; 6 — OMOJIOrnYecKast O4nucTka; 7, 8 — Oaku.
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BriBoabI

IlpoBeneHHblE  HCCIIENOBaHUST ~ MOATBEPXKAAOT  BO3MOXKHOCTb  HCHOJb30BaHUS
pPacpoCTPAaHEHHOI0 METOAAa MPEABAPUTEILHON OYMCTKU — KOATYJSIUUM — JJISl TTOBBIIICHUS
yaaneaust (pocdaroB B JIOKAIBHOW OWOJOTHYECKON CTAHIIMM OYHMCTKH CTOYHBIX BOJI.
JloGaBienne 3ToW CTaiuy MO3BOJIUT CHU3UTH HATPY3KY Ha CTAANIO OMOJIOTUYECKOW OUHCTKH.

Takyke HEMaJIOBAXXHO TO, YTO MCIOJIB30BaHHBIE KOATYJISIHTBHI IIUPOKO PACIPOCTPAaHEHBI U
JNOCTYIHBL. J[03bI KOAryJisiHTOB OCTATOYHO BBICOKH IO CPAaBHEHHIO C TEMH, YTO OOBIYHO
WCIOJB3YIOTCS B BOJOOYUCTKE. OJHAKO, €CIIU COOTHECTH UX C COJIEP’KaHHWEM B3BEIICHHBIX
BEIIECTB WM (ocdopa B «UEpHOI» BOJE, TO MOJYYCHHBIC COOTHOIICHHS HE TPEBBIIIAIOT
AHAJIOTUYHBIX 3HAYEHUH JUIsI MyHULIIMITAJIBHBIX CTOYHBIX BOJI.

OuIbTpOBaHUWE YeEpe3 CETKH MOXKET ObITh 3(PPEKTHBHO HCHOIB30BAHO KaK CTalus
NpeaBapUTEIHHON OUHUCTKH Tepe]l OnOpeaKkToOpoM 3a CYET TOTO, 4TO OyMara B «4epHOW» BOJIE
o0pasyeT ¢ monmMepaMu XJIOMbsi 00ombmoro pasmepa. I[Ipu arom Gombiieit 3G pexkTHBHOCTH
MOYKHO JOCTHYb 3a CUET YBEITMUYCHHS 1036 ouMepa. [[puMeHeHne CeTok mo3BosieT yAaIUTh
3HAYUTEIBHYIO YaCTh IPUMECEH, He YBEITMUMBAs 3HAYUTEIHHO BPEMS OUHCTKH.
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Abstract

The microbiological quality of Norwegian municipal wastewaters, both from combined and
source-separated systems, is of interest today. Variation in faecal indicator bacteria
concentrations in municipal wastewater is an essential data.lt is used in modelling of the impact
of discharges from combined sewer overflows during intense rainfall on the hygienic bathing
water qualityon the territory of inner Oslofjord. E.coli and Intestinal Enterococci are used as
the main parameters of water quality evaluation according to EU Directive 2006/7/EC.

It is determined that high concentration E.coli and Total coliforms in greywater from Kaja
dormitories in NMBU does not caused by high faecal contamination, but most likely comes
from kitchen sinks.

Keywords: enzyme activity, faecal indicator bacteria, greywater, municipal wastewater.

Introduction

Sewerage system in Norway was constructed many years ago, e.g. system in Oslo is more
than 150 years old. Wastewater treatment plants (WWTP) were built to decrease concentrations
of organic matter, suspended solids and nutrients (phosphorus and nitrogen), avoiding water
eutrophication.

Now it is not enough to take into consideration only physical and chemical parameters of
wastewater. Big amount of pathogenic microorganisms from feaces can cause human diseases
in case of different accidents.

WaterQualityTools project makes modelling of the impact of discharges from combined
sewer overflows (CSO) during intense rainfall on the local hygienic bathing water quality of
the inner Oslofjord. It requires data about the variations in concentrations of the faecal indicator
bacteria (FIB) in WWTP raw influents both within short (during the day) and long (day-to-day)
periods. According to EU bathing water quality directive controlled parameters are E.coli and
Intestinal enterococci (EU Directive 2006/7/EC)

It is expected, that concentration of both these parameters should be low in the morning and
higher in the afternoon. In the evening their concentration should be lower, than in the
afternoon. FIB peakis caused by morning defecation and time of its observation depends on
residence time in the system and sampling place (Lucas, 2014).

An important role in Norwegian sewers belongs to source-separated systems. They seems to
be perspective using in small separate settlements, in the railway stations, in dormitories etc.
Due to separation of fecal matter as a blackwater, most of pathogenic microorganisms should
be concentrated there. Then greywater (all household water except toilet) considered being
safer, than municipal wastewater from combined system.

Nevertheless, microbiological analysis of greywater from Kaja dormitories in Norwegian
University of Life Sciences (NMBU) shows the high concentrations of total Coliform bacteria
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(TCB) 2.98-105 — 2.42-107/100 ml, and E.coli 1.10-105 — 4.10-106/100 ml. It can be caused
by faecal contamination, bacterial growth in pipelines or habits of tenants. (Ecomotive, 2014)

Literature survey shows, that number of bacteria in greywater significantly depends on the
source of wastewater. According to this greywater can be devided into “light grey” —
wastewater from bathroom sinks, baths and showers — and “dark grey” — more contaminated
waste from laundry facilities, dishwasher sand, in some instances, kitchen sinks. “Light”
greywater can contain up to 2.4-106/100 ml of E.coli and 2-104/100 ml for Intestinal
Enterococci (Birks, 2007).

Especially high concentrations of FIB are shown for kitchen greywater: up to 7.4
log10/100 ml for E.coli and 7.7 log10/100 ml for Enterococci (Ottosson J, 2003). E.coli
meanings can reach even 2.5-108/100 ml (Eriksson, 2002).

During the day FIB concentration can change significantly, as people use bath, shower and
wash basin mainly in the morning and in the evening. While kitchen devices are mainly used
during the dinnertime (Matos, 2004).

Analyzing fecal contamination, very often essential to do it as quick as possible. Minimizing
detection time provides real-time water quality evaluation, i.e. prevention of epidemiological
accidents.

Rapid method of coliforms detection and enumeration based on the direct measurement of
enzymatic activity: p-D-galactosidase (GALase) for coliforms and [-D-glucuronidase
(GLUease) for E.coli. This method is simple, fast (1-2 hours in comparison with 18-24 hours for
standard methods), but has low specificity. Even so, it can be useful for approximate evaluation
of FIB concentrations (Fiksdal, 2008).

The objectives of the research:

— investigate within-day and day-to-day variations of fecal indicator bacteria (FIB) in
municipal wastewater

— discover reasons of high FIB level in greywater from Kaja dormitories

— check the relation between enzyme activity and FIB concentration in wastewaters.

Materials and methods

Sample collection

All the wastewater samples were collected and analyzed in Norwegian University of Life
Sciences (NMBU).

Samples of municipal wastewater were taken from the collecting pipe near the Serhellinga
building.

Greywater samples were taken from two places: from the collecting pipe after Kaja-
dormitories before first collecting tank and from the second collecting tank in
Floy 4.Blackwater samples were taken from the collecting tank in Floy 4.

To investigate the variation samples were collected three times during the day: morning,
afternoon and evening during several days. To explore relation between enzyme activity and
FIB concentration samples were taken 3 times a day with minimum interval 1 hour.
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Microbial analyses

The water samples were analysed for total coliforms (TCB) and E.coli using the Colilert 18
QuantiTray method (ISO 9308-2) ISO 7899-2, 2012. The results are given as Most Probable
Number (MPN) per 100 ml.

Intestinal enterococci and faecal coliforms (FCB)in the water samples were quantified after
membrane filtration using method from ISO 7899-2 (ISO 7899-2, 2000) and NS 4792 (NS
4792, 1990). The results are given as colony forming units (cfu) per 100 ml.

Enzyme activity in samples was measured using Colifast method according to the
manufacturer guideline.

Chemical analyses

To get the whole characteristic of wastewater there was measured a set of physicochemical
parameters: electrical conductivity (EC), pH, total phosphorus (TP), chemical oxygen demand
(COD), total suspended solids (TSS), turbidity and color.

TSS were determined according to standard methods using glass fiber filter
disksGF/C 1.2 um (APHA, 2005; SINTEF, 2004).The volume of filtered sample varied from 5
to 50 ml depending on visual observations.

TP was determined in the unfiltered samples using Hach Lange cuvette tests LCK350 and
LCK349 according to standard methods (APHA, 2005). Highly concentrated samples were
diluted up to 10 times.

COD was determined in the unfiltered samples using Hach Lange cuvette tests LCK114and
LCK314according to standard methods (ISO 15705:2002).

EC, pH, turbidity and color were measured according to standard methods (APHA, 2005).
Results

Municipal wastewater

Samples of MWW were collected within one day and the variation in concentration of FIB
is shown on the Fig. 1. As expected, concentration of FIB is lower in the morning, due to the
dilution by shower water, although concentration of Enterococci is higher in the morning.

1.00E+08
— 1.00E+07
E \
o
S 1.00E+06
A &
= P
© 1.00E+05 — 0

1.00E+04

09:00 13:00 17:00
Time
«=@==TCB e=@==E coli FCB e=@==Enterococci

Figurel within day variation in concentration of FIB in municipal wastewater from NMBU.

Physico-chemical parameters of samples match those of typical Norwegian municipal
wastewater (Table 1).
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Table 1 Physicochemical and microbiological parameters of municipal wastewater in NMBU.

Chemical parameters Microbiological parameters / 100 ml

Time 9:00  13:00 17:00 Time 9:00 13:00 17:00

Ec, pS/cm 322 830 820 TCB 3.08E+06 8.66E+06 1.05E+07
pH 871  9.17 9.08 E.coli 6.31E+05 7.27E+06 3.65E+06
TP, mg P/l 7.76  13.8 17.4 FCB 8.33E+05 3.97E+06 8.03E+06
COD, mg/l 480 2261 1343 St. deviation 4.16E+05 4.51E+05 1.67E+06
SS, g/l 021 0.84 0.58 Enterococci 2.35E+05 1.03E+05 9.45E+04
Turbidity 172 971 581 St deviation 6.01E+04 7.07E+02

Color, mg/1 Pt 157 467 302

Greywater

It was assumed that high level of FIB is caused by bacterial growth in collecting tanks. Water
samples from both Kaja and Floy 4 have been taken in the morning during 3 days. Comparison
of FIB concentrations shows that number of coliform bacteria in greywater decreases after it
gets into tank, while number of Enterococci increases (Fig. 2).

TCB FCB

E.coli Enterococci

1.00E+07

1.00E+06

1.00E+05

1.00E+04

1.00E+03

cfu /100 ml

1.00E+02

1.00E+01

1.00E+00

EKaja HFlgy4

Figure 2 FIB concentrations in greywater from Kaja and Floy 4.

If to talk about physicochemical parameters pH and TP concentration of “fresh” greywater
from Kaja are lower, than that of wastewater samples from Floy 4 (Table 2). Whereas COD
concentration is higher in Kaja samples.

Table 2 Chemical and microbiological parameters of greywater from NMBU.

Chemical Kaia Fley 4 xfzgzltzlrs, Kala Hoy
parameters cfu/100 ml Average St. dev. Average St. dev.
Ec, pS/cm 270423 259417 TCB 9.01E+06 3.12E+06 3.22E+06 4.50E+05
pH 6.82+0.20  7.23+0.09  E.coli 1.46E+06  6.98E+05  8.38E+05  5.05E+05
TP, mg P/l 1.16+0.16 1.44+0.24 FCB 5.69E+06 4.58E+06 2.24E+06 1.06E+06
COD, mg/l 262+75 231+£53 Enterococci  4.65E+03  2.56E+03  7.85E+03  5.08E+03
SS, mg/l 61+17 131491

;;‘{'J’id“y’ 114459 122+64

i‘;‘l‘l"l‘ft 193£132 97459
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As first assumption was not confirmed, it was decided to check the origin of contamination.
To find the source of bacteria there were conducted growth potential test and qPCR analysis
for human specific Bacteroides and Enterococci.

Results of growth potential test match the expectations, i.e. at room temperature number of
bacteria rises during the first day and then begin to decrease (Fig. 3). Number of Enterococci
decreases from the first day. The initial amount of bacteria is very high, so most probably FIB
have non-faecal origin.

Last assumption was confirmed by PCR analysis. It was conducted in Norwegian Institute
for Water Research (NIVA).There were taken 3 parallels of black, grey and municipal
wastewater, which also were analyzed for total coliforms and E.coli (Table 3). While
concentration of FIB is very high in greywater, amount of Bacteroides gene copies is 5 logs
lower than in municipal wastewater, and number of Enterococci is 1 log lower.

Growth of Total coliforms Growth of Faecal coliforms
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Figure 3 Results of growth potential test for greywater from NMBU

Table 3 Results of qPCR analysis for humanspecific Bacteroides and Enterococci.

Blackwater Municipal wastewater Greywater
Parameters
Average s Average s Average s
TCB/100 ml 4.78E+07 9.6E+06 8.77E+06 6.3E+06 1.43E+07 9.7E+06
E.coli/ 100 ml 8.99E+06 1.3E+06 4.49E+06 3.1E+06 1.55E+06 3.8E+05

Bacteroides Gene
copies/ml
Enterococci
relative CFU/ml

1.20E+09 1.1E+08 1.10E+09 1.1E+09 1.30E+04 4.8E+03

1.87E+08 5.5E+07 8.20E+06 3.0E+06 3.70E+05 5.6E+05
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Enzyme activity

There was checked the relation between enzyme activity in wastewaters and FIB
concentrations. It is seen that this parameter can be used for previous evaluation of FIB
concentration in different types of wastewater: blackwater, greywater and municipal
wastewater. (Fig. 4)
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Figure 4 Relation between FIB concentrations and enzyme activity.

Conclusions

Parameters of municipal wastewater from combined sewer are common for this type of
water. Concentration of bacteria is lower in the morning and increases during the day. The
opposite picture observed for Enterococci.

According to regrowth test greywater contains enough nutrients to promote the Coliforms
and E.coli growth during one day.

Greywater from Kaja dormitories contains high concentrations of Total Coliforms and
E.coli, which correspond to previous measurements. At the same time only small part of them
have fecal origin, whereas others more likely come from kitchen.

Rapid enzyme method can be used for preliminary evaluation of FIB concentration in
different types of wastewater.
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Omnpenenenne GpU3NKO-XUMHYECKHUX M MHUKPOOMOJOTHYECKUX NMapaMeTpPoB
CTOYHBIX BOJ

A.Ouneiinuk!, ®.E. Eperno?, . Tpuaan?, A. Xeiicran?

! HaumoHaibHbIi TEXHUYECKUH yHuBEpCUTET YKpauHbl, « KHEBCKUI ITOMTEXHUIECKUI MHCTUTYT», oleynik n@i.ua
2 HopBexkcKuil YHUBEPCHTET ecTecTBEeHHBIX Hayk, Oc, Hopserus, fasil.eregno@nmbu.no

Pedepar

Ha ceromusimiHuii ieHb OOJBIIONW WHTEPEC MPEICTABISACT U3yYeHHE MUKPOOHOJIOTHYECKUX
nokaszarened HOpBEKCKMX TOPOACKMX CTOYHBIX BOJ, Kak M3 KOMOMHHPOBaHHBIX
KaHAJIM3AIUOHHBIX CHCTEM, TaK U CUCTEM C pa3jIeJICHUEM CTOKOB. BaKHBIM SIBJIICTCS 3HAHHE
00 U3MCHEHUHU KOHIIEHTpaIMid (heKaTbHBIX WHIMKATOPHBIX OAKTEPHl B TOPOJCKUX CTOYHBIX
BOJIaX. DTa MH(POPMALUSA HCIOIb3YETCs IS MOJCTUPOBAHUS BIMSHUS Pa3JIMBOB CTOYHOM
BOJIBI CO CTAHIIWI BOJIOOYUCTKH, BCIICJICTBUE UX TIEPEIIOJIHEHUS BO BPEMS CHITLHBIX JIOKJICH, Ha
TUTHEHUYECKHE MMOKa3aTelld KauyecTBa BOJIbI Ha BHYTpeHHeH Tepputopun Ocio-propaa, rie
BBIZICJICHBI 30HBI JUUIS KymaHus. JIJIs OLIEHKH KauyecTBa BObI, corjacHo Jlupextuse EC
2006/7/EC, wuCIONb3ylOTCS TaKHe MapaMeTpbl Kak KoHIeHTpamus E.coli u ¢ekanbHBIX
CTPENTOKOKKORB.

UccnenoBanms cepoit Boabl u3 obmexurnii «Kaja» B HopBexkckom yHHBEpcHTETE
€CTeCTBEHHBIX HAayK ITOKa3ajo, 4To Ooiybiroe kKomudecTBO E.coli m oOmmx KommpopMHBIX
OakTepuii BBI3BAHO HE ()eKATLHBIM 3arpsI3HEHHUEM, a, CKOpee BCET0, MX HCTOUHMKOM SIBIISIFOTCS
KyXOHHBIE CTOKH.

KiroueBbie ciioBa: sH3UMHAas AKTHUBHOCTD, (beKaJ'ILHBIe HHAWKATOPHBIC 6aKTepI/II/I, «Ccepass» BOMA,
TOPOACKHE CTOYHBIC BO/IBI.

BBeaenune

Kananuzanuonnyro cuctemy B HopBernum moCTpOWMIM YK€ OYEHb JaBHO, HampuMmep,
kaHamm3aiuu B Ocio yxe Oosee 150 ser. M3HauaabHO CTAHIIMM OYHMCTKU CTOYHBIX BOJI
COOPYKAJIUCH JJI TOTO, YTOOBI CHU3UTh KOHIICHTPAILIMIO OPTraHUKH, B3BEIICHHBIX BEIICCTB M
OMOTCHHBIX AJIEMEHTOB, TAKUX Kak (hoc(op U a30T, BBI3BIBAIONIUX IBTPOGUKALINIO BOJOCMOB.

Ceiiuac ke HEIOCTaTOYHO YYHUTHIBATH TOJBKO (PU3UUECKHE W XUMHUYECKUE IMapaMeTphI
CTOYHBIX BOJA. HeoOXommmo Takke H3yYUTh KOHIEHTpAIWI0 (PEeKaTbHBIX ITaTOTEHHBIX
MHUKpPOOPTaHU3MOB, KOTOPBIE, B Clly4ae aBapuil U pa3iMBOB, MOT'YT NMPUBECTH K 3a00JIE€BAHUIO
OOJIBIIOr0 KOJIMUYECTBA JIHOEH.

[Mpoext Water Quality Tools mpoBoIUT MOJICIIMPOBAHNE BIMSIHHSI BRITCKAHUSI CTOYHBIX BOJT
W3 KOMOWHHPOBAHHBIX KAaHAIM3AIMOHHBIX CHCTEM (BO BpeMs JIMBHEH) Ha TUTHCHHYECKHUE
MOKA3aTeIM KauecTBa BOJIbI B KyMaJIbHBIX 30HAX Ha BHyTpeHHEH Tepputopun Ocio-propia.
Hns  sroro HeoOxomuma wHpoOpManus 00 W3MEHEHHWH KOHIICHTpalud (eKaIbHBIX
WHIUKATOPHBIX Oaktepuil (DUB) B cTOUHBIX BOMAX, MOCTYIAMOIIMX HA CTAHIIMM OYHUCTKH, B
TEYCHHE KOPOTKOro (J€Hb) M JUIUTENBHOTO (HECKOJNBKO JHEH) MepuoJioB BpeMeHH. B
cootBeTcTBUM C JlupextuBoit EC oTHOCHTENbHO KadecTBa BOJ, MPUTOJHBIX JUIsl KyTaHWS,
napaMeTpaMHu KOHTPOJISi KadecTBa BOJABI BbIOpaHbl KoHIeHTpanusi E.coli m QexanbHbIX
crpentokokkoB (EU Directive 2006/7/EC)
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OskuiaeTcsi CHIKeHNE KOHLEHTPALUKH 000UX 3THX MAapaMeTPOB YTPOM, 110 CPABHEHHUIO C HX
KOHLICHTpAaIlell B JJHEBHOE BpeMs. Bedepom MX KOHIEHTpalus JODKHA OBITh HUKE, YeM B
nocneobesieHHoe BpeMs. 1Mk o0ycloBlieH yTpeHHUM TpolrieccoM jedekamnuu, a Bpemsi ero
HaOJII0JICHUS 3aBUCHT OT BpEMEHH NIPeObIBaHUS B cUCTeMe U MecTa otbopa mpoo (Lucas, 2014).

B Hopgseruu Bcé Ooutbliie BHEAPSIIOTCS KaHAIN3AIUOHHBIE CUCTEMBI C pa3/ieIeHUEM CTOKOB.
WX npuMeHeHHe aKTyallbHO JUIs HEOONBIIMX YAAJCHHBIX IOCEJICHUM, JK/I CTaHIIUM,
oOmmexxnuTuit u T.1. Tak KaK TyaneTHble CTOKH (YepHasi BOJa) cOOMPAIOTCSI OTAEIBHO OT BCEX
OCTaJIbHBIX (cepast Bojia), TO 0OJIbINAsI YaCTh MATOTCHHBIX MUKPOOPTaHU3MOB COOUPAETCS TaM.
Torma cepast Bojia JoJybkHA ObITh Ooyiee OE30MACHOM, YeM TOpPOJICKHE CTOYHBIC BOJBI U3
KOMOWHHPOBAaHHOW KaHATH3AIIHH.

Opnnaxko, MUKpOOMOJIOTUYECKUI aHalu3 cepoi Bozbl u3 odmexutuil «Kaja» Hopsesxxkckoro
yHUBepcuTeTa ecrtecTBeHHbIX Hayk (NMBU) mnokasan BbICOKME KOHLEHTpAlMM OOIIUX
konmudopMubix  Gakrepuit  (OKB) 2,98-10° — 2,42:107 /100 cm® wu  E.coli
1.10-10° — 4.10-10%100 cm®. DT0 MOKET OBITH OOYCIOBIEHO (EKANBHBIM 3arps3HEHUEM,

MIPUBBIYKAMH ITPOYKUBAIOIIMX TaM JIFOJICH M pocToM OakTepuii B TpyoornpoBoax (Ecomotive,
2014)

B pesynbrare nuTepaTypHOro Moucka yCTaHOBJIEHO, YTO KOJMYECTBO OakTepuil B cepoil
BO/JI€ 3HAYUTEIbHBIM 00pa30M 3aBUCHUT OT €€ UCTOYHHKA. B 3aBUCUMOCTH OT UCTOUHHUKA CEPYIO
BOJIy MOKHO Pa3JIeJIUTh HA «CBETIIO-CEPYI0» — CTOKH U3 BAaHHON KOMHATHI — U «TEMHO-CEPYIO»
— Oojee 3arps3HEHHbIE CTOKM W3 TPAYEHHOM, MOCYJOMOEYHON MAIIWHBI M, B HEKOTOPBIX
clydasx, KyXOHHOM pakoBHMHBL «CBeTO-cepas» BOJa MOXKET comepxartb mo0 2,4-109100
cm? E.coli u 2-10%/100 cm*pexanbubixcrpentokokkos (Birks, 2007).

Ocobenno Beicokre KoutenTpaiuu OUB B KyxoHHOI cepoit Bozie: 10 7,4 logi0/100 cm? pust
E.coli u 7,7 logi0/100 cm® nust pexanpubix crpentokokkos (Ottosson J, 2003). Konuenrpanus
E.coli moxer naxe nocturats 3HaueHuii 2,5-108/100 cm® (Eriksson, 2002).

B Teuenne nusa xonuentpauus @b MOXeT 3HaYMTENBHO U3MEHSTHCS, TAK KaK JIOAH
H0JIb3YIOTCSl BAHHOM, IyIlIEM ¥ YMBIBAJIbHUKOM TOJIBKO YTPOM U BEYEPOM, TOT/1a KaK KyXOHHBIE
npuOOpkI, B OCHOBHOM, UCIIOJNIL3YIOTCS B AHEBHOE Bpemst (Matos, 2004).

[MpoBons anamm3 Ha (QekambHBIE 3arps3HEHUs, Yalle BCEro pe3yabTaT HEOOXOIMMO
MOJYYUTh KaK MOXKHO ObIcTpee. MUHMMH3AIUS BPEMEHH aHaJM3a MO3BOJISIET OIICHMBATH
Ka4ecTBO BOJBI B pEalbHOM BPEMEHH, YTO, B CBOIO OYEpEeb, MO3BOJISET IMPEIOTBPALIATh
SMUJEMHH JIIOJIeH U )KUBOTHBIX.

BeicTphIii MeTOA A7 Ka4eCTBEHHOTO M KOJIMYECTBEHHOTO OMpENeNIeHus KOMM(OPMHBIX
OaxkTeprii OCHOBBIBAETCS HA MPSIMOM M3MEPEHUH YH3UMHON aKTUBHOCTH: B-D-ramakro3ngazsl
it OKB u B -D-rimroxyponunassr aist E.coli. Otor meron mpoctoii u ObicTpbril (1-2 gaca
npoTuB 18-24 4acoB cTaHIAPTHBIM METOJOM), HO UMEET HU3KYIO M30upaTenbHOCTh. OaHAKO
OH MOJKET OBITh MCIIOJIB30BaH Ui NMpUOIu3nTenbHol oneHkn koHueHtpanun ®Ub (Fiksdal,
2008).

Ilenu uccnenoBaHus:

— UByunts Wu3MEHEHHE KOHIEHTpanuu (EKAIbHBIX WHINKATOPHBIX OakTepuil B
TOPOJICKUX CTOYHBIX BO/IaX B T€YEHHE KOPOTKOIO U JITUTEILHOTO NMEPHUO/I0B

— Onpenenuts TPUYWHBI BBICOKOW KOHIIGHTpAalMu OakTepwii B Ccepod Boae u3
obmexutuit «Kaja»

— TPOBEPUTH HATMYME 3aBUCUMOCTU MEXK]y YH3UMHON aKTUBHOCTHIO M KOHIICHTpAIUEH
OUDB B ropoCKUX CTOYHBIX BOJAX.
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MeToabl M1 MaTepUAJIBI

OT160p npod

Bce npoObI cTOYHBIX BOJT OTOMPAINCh M aHAIM3UPOBAIIMCH HA TeppuTopur HopBexckoro
YHUBEpPCUTETA ecTeCcTBeHHBIX HayK (NMBU).

OO0pas1pl TOPOICKON CTOYHON BOJBI M3 KOMOMHUPOBAHHON KaHATW3AI[MH OTOMpPAIHCh U3
TpyOBI-KOJIIEKTOpa Bo3Je yueOHoro Kopmyca «Serhellingay.

OOpasnpl  cepoil BOABI OTOMpANUCh M3 JABYX TOYEK: M3 TPYyOBI-KOJUIEKTOpA MOCIe
obmexutuit «Kaja» repen nepBbiM COOPHUKOM W M3 BTOPOTO COOPHUKA, YCTAHOBIICHHOTO B
nabopatopun Floy 4. OOGpasupl yepHOil BoAasl OTOMpanuch M3 COOPHMKA YEPHOW BOJIbI,
Haxojsuerocs B jaboparopuu Floy 4.

Jlns n3ydenus uameHenus konuentpauun ®Mb B ctouHbIX Bogax 00pasiibl OTOUPATIUCh TPH
pa3a B JeHb (yTpoM, AHEM U BEYEpOM) B TEUEHHE HECKONbKMX AHEH. UTOOBI HM3ydnTh
3aBUCHMOCTh MEXKY PH3UMHOW aKTUBHOCTHIO U KOHIeHTparueit ®Ub o0pa3isl oTOupamich
TPH pasa B IeHb C MUHUMAJIbHBIM IIPOMEKYTKOM BpEMEHU MeKAy oTOopamu rnpobd 1 yac.

Muxkpoomnoaornyeckue aHAJIN3bI

O06pasnbt Boas! aHanm3upoBain Ha cogepxkanne OKb u E.coli ucnonszys meron Colilert®-
18 Quanti Tray® B coorBercTBUU co cTangapToM [SO 9308-2, 2012. Pe3yabTaThl NpUBOASTCS
B BUJIE: HAMOOJIEE BEPOSTHOE MCIIo GakTepuii Ha 100 cm?,

Omnpenenenne KOHLUEHTpaMU (EKaTbHBIX CTPENTOKOKKOB M TEPMOTOJIEPAHTHBIX
komudopmubix Oaktepuil (TKB) B oOpasiiax BOJBI TIPOBOAMUIIOCH METOJOM MEMOpPaHHOM
¢wipTpanuu cormacHo crtangaptam ISO 7899-2, 2000 m NS 479, 1990. PesynbraTs
NPUBOJATCS B BHJIE: KonoHneoOpasyromue exunuipl (KOE) na 100 cv?.

OH3UMHYI0 aKTHUBHOCTb B oOpasmax wusmepsud, ucnons3ys Colifast-meron, coriacHo
MHCTPYKIHUSAM MPOU3BOAUTEIIS.

DOU3NKO-XUMHUYECKHE AHAJIM3bI

Jnst mosry4yeHus 0oJiee MOJTHOM XapaKTEPUCTUKU CTOYHBIX BOJ H3MEPSUIMCH TaKue (PH3HKO-
XUMHUYECKHE TapaMeTpsl: anektponpoBogumocts (JI1), pH, obmmit dochop (OD),
xumuueckoe morpedbnenue kuciopoaa (XIIK), obmme B3pemeHHble BemiectBa (OBB),
MYTHOCTB ¥ IBETHOCTb

OBB ompenensiiich B COOTBETCTBUU CO CTaHJAPTHOH METOIUKOW C HCIOJIBb30BaHUEM
CTEKIOBOJIOKOHHBIX punbTpoB GF/C 1.2 um (APHA, 2005; SINTEF, 2004). O6bem
GunsTpyemoro o6pasua 6611 5 — 50 ¢cM? B 3aBUCHMOCTH OT BH3yaJlbHON OLICHKH.

O6muit dochop ompexaensicss B He (UIBTPOBAHHBIX 00pasliax C MOMOIIBIO KIOBETHBIX
tectoB Hach Lange LCK350 u LCK349 B cooTBeTcTBHM cO cTaHAapTHON MeToaunkoi (APHA,
2005).006pa31iibl ¢ BEICOKMMH KOHIIEHTpaIusMu pa3Boauin B 10 pas.

XIIK onpenensnu B He QUIABTPOBAHHBIX 00pa3iiax ¢ MOMOINBIO KIOBETHBIX TecToB Hach
Lange LCK114 u LCK314 B cooTBeTcTBUU CO cTaHmapTHOU MeTtoaunkoit (ISO 15705:2002).

OIl, pH, MyTHOCTb M LIBETHOCTh U3MEPSUIMCH B COOTBETCTBUH CO CTAHAAPTHOW METOAMKON
(APHA, 2005).
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Pe3yabTarsi

CrouHas BoJa U3 KOMOMHUPOBAHHON KaHAIU3AIUA

OO0pa3iel BOJBI OTOMpaN B TEUYCHHE OJHOTO JHS M W3MEHEHHE KoHIeHTpammii DUb
nokazaHo Ha Puc. 1. Kak m oxumanoch, KOHIEHTpamnus OaKTepWil yTPOM HIIKE 3a CYET
paz0aBieHHs BOAOW U3 AyIIa, XOTsl KOHIIEHTpanus (peKalbHbIX CTPENTOKOKKOB YTPOM BBIIIIE.

1.00E+08

1.00E+07 .f -

1.00E+06 /

1.00E405 \ °

KOE / 100 cm?

1.00E+04
09:00 13:00 17:00
Bpemsa
e=@== (Kb ==@==E coli TKE  e=@==®deKaNbHble CTPENTOKOKKMN

Pucynox 1 U3menenne konueHtpauuu ®UBb B TeueHuwe 1HS ISl CTOYHOM BOJBI M3 KOMOMHHPOBaHHOW
KaHanu3anuu Ha Tepputopr NMBU.

OU3NKO-XUMUYECKHE TTOKa3aTesu 00pa3IioB COOTBETCTBYIOT JIMTEPATYPHBIM JTAHHBIM JIJIs
JTAaHHOTO THTAa CTOYHBIX BOJ (Tabmuma 1).

Tabauna 1 OU3MKO-XMMHUYECKHE U MUKPOOMOJIOTMYECKHE MapaMeTpbl CTOYHOW BOJBI M3 KOMOMHHUPOBaHHOU
KaHanau3anuu Ha tepputopu NMBU.

DU3MKO-XMMHYECKHe MapaMeTphbl Mukpo6uoorudeckne napamerpsi / 100 cm®
Bpems 9:00 13:00 17:00 Bpems 9:00 13:00 17:00
911, mxCwm/ecm 322 830 820 OKbBb 3,08E+06 8,66E+06 1,05E+07
pH 8,71 9,17 9,08 E.coli 6,31E+05 7,27E+06  3,65E+06
O®, mr P/av? 7,76 13,8 17,4 TKb 8,33E+05 3,97E+06 8,03E+06
XIK, mr/am? 480 2261 1343 Cr.oTK1. 4,16E+05  4,51E+05  1,67E+06
OBB, r/nm’ 021 0,84 0,58 Crpenrokokkn 2 35E+05  1,03E+05  9,45E+04
Mytnocts, EM® 172 971 581 Cr.oTki. 6,01E+04 7,07E+02
ﬂ;;;“;’g"’ 157 467 302

Cepast Boxa

brio BRIIBUHYTO IpennosioKeHue, 4To BbICOKUN ypoBeHb PUb B cepoil Boje BbI3BaH
aKTHBHBIM POCTOM OakTepuii B Oakax-cOopHukax. B Teuenue Tpéx nHei mo yrpam otoupaiuch
npoOsl BozbI 13 00enx Touek — «Kaja» u «Floy 4». CpaBHenue konuentpauuit ®Ub B o6pasznax
YKa3bIBAET HAa CHIDKEHUE KOJIMYECTBA KOTU(POPMHBIX OaKTEpUH TOCTe TIONa aHusl BOJbI B 0aK
Y YBEIIMUCHHUE KOJIMUECTBA CTPENTOKOKKOB (Puc. 2).
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Ecnu roBopuTh 0 PU3NKO-XMMHUYECKHX MTOKA3aTeNsX, TO ypoBeHb pH u obmero ¢ocdopa B
«cBexei» cepoii Boae u3 «Kaja» ke, uem obpasnax u3 «Fley 4» (Tabnuma 2). B To xe Bpems

yposenb XIIK BoIme B o06pa3nax u3 «Kajay.
OKB TKB E.coli ®ekanbHble

) CTPENTOKOKKM
M Kaja WFlgy 4

1.00E+07

1.00E+06

1.00E+05

1.00E+04

1.00E+03

KOE / 100 cm3

1.00E+02

1.00E+01

1.00E+00

Pucynok 2 Konnentpauuu ®UB B cepoii Boxe u3 «Kajay u «Floy 4».

Ta6auna 2 OU3MKO-XUMUYECKUE U MUKPOOHOJIOTHYECKUE MTapaMeTpbl cepoii Bosl 13 NMBU.

duzuko- Muxkpobuo- Kaia Floy 4
. JIOTHYeCKHe
XUMHUYECKHe Kaja Floy 4 HADAMETDLL
napamMeTpbl K(I))E/loopcm,3 Cpemnee  Cr.otkin.  Cpennee  CT.OTKIL

S0, mkCwm/em 270423 259417 OKE 9,01E+0  3,12E+0  3,22E+0  4,50E+0

6 6 6 5
pH 6,8240,20 7,230,09 E.coli é’46E+0 2’98E+0 2’3 8E+0 2,05E+0
OD, mr P/iv®  1,1620,16 1,444024 TKB 2’69E+0 ‘6"5 8E+0 2’24E+0 é’%E’LO
XIIK, mr/av® 262475 231453 Crpentokok  4,65E+0  2,56E+0  7,85E+0  5,08E+0
KH 3 3 3 3
OBB, mr/mm®  61£17 131491
MyTHoOCTD,
EM® 114459 122+64
IIBeTHOCTD,
et 1934132 97459

Taxk Kak rnmepBoe NpeAnoI0NKEHIE HE TIOTBEPIUIOCH, OBLIO MPEITIOKEHO MPOBECTH aHATU3bI
I ONPEACIICHUA NPOUCXOXKACHUS 6aKTepHﬁ. brein IMPOBEACH TECT MJIA OIPCACICHUSA
MmoTeHnuana pocta Oaktepuii B cepod Boje. Ilocrme 3TOro wucCnonb30BanM METOIUKY
koiauuectBeHHou [ILIP (momumepasHas uenHas peakius) g nojcdera Bacteroides
YeJIOBEYECKOT0 MIPOUCXOKICHUS U PEKATBHBIX CTPETITOKOKKOB.

Pesynbrarel Tecra Ha NMOTEHIMAl POCTa COOTBETCTBYIOT OKMAAHUSAM: INPHU KOMHATHOM
TeMIepaType KOJUYECTBO OaKTEepHil yBETMUMBACTCS B TEUCHHE IIEPBOTO MHS, a IOTOM
HaunHaeT ymenbmartbes (Puc. 3). KommuecTBo (hekadbHBIX CTPENTOKOKKOB HAYMHAET
YMEHBIIATHCS cpasy ke. Tak Kak HayaJIbHOE KOJMYECTBO OaKTepuil y>Ke CIMIIKOM BBICOKOE,
TO, HauboJIee BEPOSATHO, YTO OHU UMEIOT He (PeKaIbHOE IPOUCXOXKICHHE.

[Tocnennee npennonoxenue noarsepauian ¢ nomompto [P ananusa. Ero BeinosHsuM B
Hopsexckom WuctutyTe Bomubix WccnenoBanmii (NIVA). bBeuto oroGpano mo tpu mpoOsr
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y€pHOW ™ cepod BOJ, M BOJLI W3 KOMOWHHMPOBAHHON KaHAIM3AIUH, KOTOPHIE TaKXKe
npoananuzuposain Ha OKb u E.coli (Tabnuma 3).B to Bpems kak konuentpamust ®Ub B cepoii
BOJIE OYEHb BHICOKA, KOJIMUECTBO Konuii Bacteroides B Helt B 10° pa3 MeHbIe, ueM B 0Opasie
KOMOWHHPOBAHHBIX CTOKOB, & KOJIMYECTBO (heKaTbHBIX CTPENITOKOKKOB — B 10 pa3.

Poct 0bwmx KonudbopmHbix BakTepuin

1.00E+09

1.00E+08 A

1.00E+07 T
1.00E+06
1.00E+05
1.00E+04

KOE / 100 cm?

1.00E+03
1.00E+02
1.00E+01

—@—Xonog —@— KomHatHas Temnepatypa

\—.%

[OHu

Pocr E.coli

1.00E+09
1.00E+08

1.00E+05
1.00E+04

KOE / 100 cw?

1.00E+03
1.00E+02
1.00E+01

—8—Xonog —@—KomHaTHaa Temnepatypa

O

1.00E+07
1.00E+06

KOE / 100 cwm?

KOE / 100 cm?

PoCT TepmoTONIEPaHTHBIX KONMPOPMHbIX akTepuit

1.00E+09

1.00E+08
1.00E+07
1.00E+06

1.00E+05
1.00E+04
1.00E+03
1.00E+02
1.00E+01

[Hn
—8—Xonog —@— KomHaTHasa Temnepatypa

PocT dpekanbHbIX CTPEMNTOKOKKOB

1.00E+04

\
1.00E+03

1.00E+02

1.00E+01

0 1 2 3 4 5

[OHn
—&—Xonon  —@—KoMHaTHaA Temnepatypa

Pucynoxk 3 Pe3ynbTaTsl onpeesneHus MoTeHIMana pocta 6akrepuit B cepoit Boge u3 NMBU.

Ta6auna 3 Pesynbratsl koaudectBenHo [T1P.

TMapaverps1 Yépnas Bosa CMeliaHHbIe CTOKH Cepas Boja

Cpennee CT.0TKIL Cpennee CT.OTKIL. Cpennee CT.OTKIL.
OKB/100 cm® 4,78E+07  9,6E+06 8,77E+06  6,3E+06 143E+07  9,7E+06
E.coli /100 cm? 8,99E+06  1,3E+06 449E+06  3,1E+06  1,55E+06  3,8E+05
Bacteroides xonmii/cm® 1,20E+09 1,1E+08 1,10E+09 1,1IE+09  1,30E+04  4,8E+03
Crpenrokoxk 1,87E+08  5,5E+07  820E+06  3,0E+06 3,70E+05  5,6E+05
KOE/cm

IH3MMHAA AKTUBHOCTH

[IpoBepsinack B3aUMOCBSI3b MEXAY OH3UMHOM AaKTHMBHOCTBIO B CTOYHBIX BOJAX H
koHneHtpameit ®UB. Bumno, 4to 3TOT mNapaMerp MOXKeT OBITh HWCHOJIB30BaH IS
MpeaBapuTeNbHON olleHKH kKoiimdecTBa OUb B pa3nuuHBIX CTOYHBIX BOJIaX: YEPHOM BOJIE,
cepoit BoJie ¥ BOJIe M3 KOMOWHUPOBaHHOW KaHanu3anuu (Puc. 4)
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O6wue konudopmHbie Hakrepun TepmoTonepaHTHble KonudbopmHblie bakTepuu
1.00E+09 1.00E+09
1.00E+08 1.00E+08

1.00E+07 ‘—‘—//V‘/’.
L]

1.00E+06

1.00E+07

1.00E+06

KOE /10 cvm®
KOE /10 cm?

1.00E+05 1.00E+05
1.00E+04 1.00E+04
1.00E+03 1.00E+03

1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.006+03 1.00E+04 1.00E+05 1.00E+06
ppb MU/uac ppb MU/uac

E.coli PekanbHble CTPENTOKOKKM
1.00E+09 1.00E+09
1.00E+08 1.00E+08
1.00E+07

L]
1.00E+06 /
L]

1.00E+05 1.00E+05

1.00E+07

1.00E+06

KOE /10 cv®
KOE /10 cm®

1.00E+04 1.00E+04

1.00E+03 1.00E+03
1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E+03 1.00E+04 1.00E+05 1.00E+06

ppb MU/uac ppb MU/uac

Pucynox 4 3aBucumocts kounerTpannn ®Mb ot sH3UMHOI aKTUBHOCTH.

BriBoabI

[TapameTpsl cTOYHON BOABI M3 KOMOMHHMPOBAHHOHN KaHanu3auuu Ha Teppuropun NMBU
COOTBETCTBYIOT JIUTEPATypHBIM JaHHBIM Ui JAaHHOTO Tuna BoJd. KoHueHTpauus
KONMM(OPMHBIX OaKTEepHil yTPOM HIDKE M yBEIMYMBaeTCs B TedeHue nHA. /g dexampHBIX
CTPENTOKOKKOB BCE HA0OOPOT.

CornacHo pe3yJibTaTaM TecTa MOTEHIMAala pocTa OaKTEepHii B cepoll BOjIe, OHA COJIECPIKUT
JIOCTAaTOYHOE KOJMYECTBO NMHTATEIbHBIX BEIIECTB Ul OOecredyeHus: pocta Konn(pOpMHBIX
Oaxrepuiin E.coli B TeueHre 0HOTO JHSL.

Cepas Bona u3 oomexutuii «Kaja» comgepxkut 6ombinoe konmmuectBo OKbB u E.coli, uto
COrJIacyeTcst ¢ MPeIbIAYIIUMH UCCIIe0OBAaHUSIMH. B TO ke BpeMst TOJIbKO HeOOobIast UX 4acTh
uMeeT (eKaTbHOE MPOUCXOXKICHUE, TOTAa KaK OCTalbHbIe, HanboJee BEepOsTHO, MOMAal0T B
BOJY M3 KyXHH.

BeicTpblii MeTox M3MEpeHHs SH3UMHON aKTHUBHOCTH MOXKET OBbITh HCIIOJIb30BaH JUIs
npeABapUTEIbHON U NMPUOIM3UTENbHOM onleHkN KoHUeHTpauun GUb B pa3auuHbIX CTOYHBIX
BOJIaX.
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Abstract

Determine dependence efficiency of filtering systems Salsness (degree of removal of
suspended solids, turbidity degree of reduction, performance hydraulic filter, etc.) of the input
characteristics of water pollution and corrective actions process (adding various reagents). The
conditions and reagents were determined, which together provide a high degree of removal of
suspended solids at a minimum cost for real wastewater.

AHHOTAIUS

Onpenenenne 3aBucuMoctu dhdekTuBHOCTH paboThl QUIBTPYIOMUX cUcTeM Salsness
(cremeHb ynaneHMsi B3BEIICHHBIX YACTHL, YMEHBIICHHE MYTHOCTH, THIPaBINYECKas
HPOU3BOIUTENBHOCTD (DUIIBTPA) OT BXOAAIINX XapPAaKTEPUCTUK CTOYHOM BOJBI U 100ABISIEMBIX
peareHTtoB. OmnpeneneHbl yCIOBHS M THII PEAreHTOB, KOTOpPBIE BMECTE O00eCHeuyuBaroT
MaKCUMAalbHBI  CTENEHb  yNAJCHHUs  B3BEIICHHBIX  BEHIECTB IMPU  MHHUMAJIBHBIX
IKOHOMHYECKHX 3aTpaTax.

Keywords: Optimization of coagulation, Salsnes Filter, Mechanical filtration

Introduction

With constant population growth, many water treatment plants met the need to increase
the productivity of plants, but are often limited to a certain area and are unable to install
additional equipment. This is especially true of primary wastewater treatment systems that
include settling tanks and clarifiers. This type of equipment requires large areas of the surface.
Therefore, this research is a vital question on finding alternative world technologies that can
replace septic tanks on equipment that requires less space for both Ukraine and all over the
world, especially in countries with limited territorial resources (China, Bangladesh, India,
Japan and Europe).

The object of this work is the study of filtering system Salsnes, Norwegian production.
Filtering systems Salsnes require at least 10% of the land, which is under construction lagoons.
By replacing the classical primary treatment for Salsness technology significant performance
increase can be achieved using the same land resources. Filtering systems Salsnes is able to
remove 50% of suspended solids and 20% of microorganisms. The objective of this work is to
improve filtration process through the use of chemicals (flocculants, coagulants).

Purpose - to find out how the Salsnes filters work with chemical reagents, and choose
reagents and the best conditions of the filtration process which gives maximizes the degree of
removal of suspended solids, and minimal cost of reagents. This work is new to the area as
Ukraine and Europe. Not all European plant is upgrading primary wastewater treatment. There

161



are not plants in Ukraine which change a clarifier and settler to other methods of removal
suspended solids. The process of Wastewater Treatment usually involves several stages, each
of them may use different methods of wastewater treatment and appropriate technological
equipment. This situation is due to many methods especially fine purification which cannot
work on this water because there are so much suspended solids or emulsion in waste water.

Accordingly to this, there is a need pretreatment of wastewater before applying basic
methods of purification. Application of step purification for wastewater is caused by getting a
combination of several treatment types is possible to reach a necessary rate of removal SS for
minimal cost. Every wastewater treatment plant is using different amounts of water stages. It
depends of wastewater treatment plants, purification methods which used and the composition
of water. To develop the information system of sewage treatment processes should be
considered on the basis of a more generalized approach.

The most rational is likely to be the separation process effluent into four stages,
according to the division of pollutants based on their physical state classification academician
Kulski.

At the first stage of wastewater treatment it is necessary to remove large particles of
suspended solids and coarse impurities. If the data of pollution is absent in wastewater, you
need to start treating wastewater from the second stage at which the removal of almost all
solids, and is preparing for further purification of wastewater, namely, reducing aggressiveness
sewage, reducing unacceptable concentrations of certain pollutants. The third stage - biological
treatment to remove phosphates and nitrogen compounds. The use of specific methods of
wastewater treatment, or their combination at each stage of treatment is determined by the
chemical composition and physical properties of wastewater. Depending on the presence or
absence of certain classes of pollutants in sewage may exclude some stage of purification.

It is not difficult to find out that the second and the third stages of treatment are an
integral part of any technological scheme for wastewater treatment. Thus purification steps -
the first and the second stage of wastewater treatment are the foundation of any process of
cleaning. The first stage is the pre-treatment and mainly consists of sedimentation step as a
settler. For further removal of suspended solids in the form of colloidal systems should
intensify the process of deposition - coagulants and flocculants added, followed by settling
(mostly). Some treatment plants try to replace defending process (step 2) on the filtration
process.

Mechanical filtration techniques

Filtration is separation process in which a mixture of liquid and solid passed through
porous material, which detain solid particles and liquid phase passes. Filtration process has
three main mechanisms: detention, separating and fixing. The significance of each depends on
the characteristics of detained particles and the used filter material.

There are two main types of detention mechanism:

Mechanical filtration: in this case it will be the retention of particles larger than the filter
holes or passages formed already detained filter particles. This mechanism is predominant
when using fine filtration basics type sieve, filter cartridge.

The sludge on the filter material: suspended particles moving under the stream of water,
their size relative to the size of the pores cannot let them linger, but multiple contacts between
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the particles filtering material and ensure its retention. This type of mechanism prevails at a
depth filtration layer.

The mechanism of fixation

Fixing the particles on the surface of the filter material facilitates low velocity water.
This process is driven by forces that are purely physical nature (jamming, holding, etc.) or by
sorption, especially Van der Vals.

Mechanisms of separation

Under the influence of these mechanisms decreases the space between grains feed material that
are coated separated particles. Previously arrested sediment may partially stall a faster flow
and get to the filtrate, or move into the depths of the filter material. During filtration driving
force is the pressure difference before and after the filter. As a result, filtration, sediment
clogging of the pores, causing pressure drops power, as this is true, the smaller the holes in the
filter material, the smaller hydraulic performance.

AP = APy- (1 —a- o),

where, AP hydraulic capacity, o - specific volume detained precipitate on the surface of
the filter unit, a - an empirical coefficient. Thus, the normal filtering process must either
increase the pressure supplied to the filter layer or conduct means to remove sediment from the
surface of the filter ("back wash", etc.).

Salsnes Filter technology

In a Salsnes filter system solids separation, sludge thickening and dewatering are
performed in one compact unit, removing >50% TSS, >20% BOD and producing drier sludge
(20-30% DM). A Salsnes Filter system can completely replace conventional primary treatment
and does so in a fraction of the footprint, at 30 — 60% lower capital cost and with significantly
lower total lifecycle costs. What’s more, sludge handling, transportation and disposal costs are
drastically reduced. Today, Salsnes Filter systems are installed around the world in a variety
of applications within municipal wastewater treatment plants and in challenging industrial
solids separation applications. Cost-effective, compact, high-performing, chemical-free and
sustainable — the Salsnes Filter system defines eco-efficient.

Table 1 Technology of work Salsnes Filter.

1. Wastewater enters the inlet
chamber.

2. The solids above the filtermesh
create a “filter mat.” The mat
enhances separation performance as
particles build-up on the mesh,
creating progressively smaller holes
that retain increasingly smaller
particles.

3. Water that is filtered past the mesh
exits through the outlet.
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4. Wastewater influent rises to a
certain level (measured by a sensor)
and the filtermesh starts to rotate like
a conveyor belt, transporting sludge
and enabling the thickening process.
5. Gravity thickens the sludge to 3—
8% DM.

6. Sludge drops into the collection
area.

7. Using air (not water) the Air Knife
automatic cleaning system removes
any remaining sludge from the
filtermesh into the collection area.

8. A screw press further dewaters the
sludge to 20 —30% DM before it exits
the unit.

Compared To Conventional Primary Treatment, a Salsnes Filter System Can Offer:

* 30 — 60% lower investment cost.
* 1/10th the land requirements.
* Integrated thickening and dewatering.

* Significantly lower lifecycle costs.

* Smaller volume of drier sludge that reduces disposal costs.

* Less civil works (no concrete basins required).

* Higher removal of TSS (>50%) and BOD (>20%) — with the ability to design systems for up

to 80% TSS removal.

* Primary sludge with higher energy value.

* Fully-automated equipment.
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Experimental part

1. Selection of the best polymer.

It is necessary to check all polymers different companies such as Kemira, BASF (Zetag)
and SNF. After Jar Test the relationship between degree of removal turbidity and dosage of
polymer was obtained. Also the optimal dosage of polymer was selected based on thinking the
maximum degree of removal and minimum dosage for economic efficiency. The best dosage
of polymer was calculated in “mg (Activity Component)/ g SS” it means that rate of polymer
on 1 g Suspended solids. Cells which were selected in yellow color are the best dosage for

every polymer.

Table 2 Result relationship between degree of removal turbidity and dosage of polymer.

% Degree of removal turbidity
Name of Dosage of polymer, pl Best Dosage
polymer
200 400 600 800 1000 1500 mg/g SS
1 2 3 4 5 6 7 8
cl 22 24 31 34 38 35 7,1
c2 31 33 32 36 30 37 10,4
c3 23 32 34 35 36 42 12,8
c4 19 26 31 32 37 36 8,5
c5 19 32 30 35 32 40 12,8
cb 30 33 36 40 43 48 12,8
c7 33 31 31 42 45 49 12,8
c8 7 14 15 14 21 16 9,3
1 2 3 4 5 6 7 8
CT1 36 35 41 42 44 47 19,5
CT2 26 27 46 50 57 62 13,9
CT3 20 23 28 26 31 38 13,9
CT4 17 21 22 24 28 55 13,9
CT5 32 33 37 39 40 46 12,2
CT6 32 32 36 29 34 40 12,2
CT7 28 34 38 36 36 40 12,2
CT8 32 40 43 42 45 47 8,1
CT9 34 39 41 44 47 41 8,1
CT10 31 34 38 39 42 45 8,1
Zetag 1 44 51 54 56 61 65 9,9
Zetag 2 38 39 44 36 40 41 3,9
Zetag 3 45 51 55 52 54 54 3,9
Zetag 4 41 45 43 46 43 42 53
Zetag 5 55 55 58 60 62 60 6,6
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Figure 1 Relationship between removal of turbidity and tested polymers.

That is for selection the best polymer, it is necessary select polymers which would have
the higher degree of removal and the smaller dosage of polymer.

The best polymers are Zetagl, CT2, Zetag3.

2. Optimization of the flocculation conditions.

After that when the best polymers were selected, it is necessary to make a optimization
conditions of flocculation process. It is needed to change speed of mixing. “Rapid mixing” 300
to 400 rpm and “Slow mixing” 40 to 50 rpm. Selection of the best conditions based of the
highest rate of degree turbidity.

Table 3 Result relationship between rate of degree removal turbidity and G values.

Results based on % Turbidity remowval
Primary WW
Rapid |Rapid|Slow . . Zetag 1 2 Zetag 3
Mix | Mix | mix | S1oWMix | G(Rapid 4 mix) (1.5me/) (1S 0.6 me/U)
{min) Mix)
{rpm) | (sec) |{rpm)
30 5
334 24 61 55 48
300 10
50 5
334 31 65 51 49
0| s 334 24 63 - 46
300 20
50 5 334 31 65 59 45
30 5
525 24 65 53 43
400 10
50 5
525 31 66 56 47
30 5
525 24 60 5y 46
400 20
50 5
525 31 64 53 46
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Table 4 The best conditions for selected polymer.

Name of Condtions of flocculation process
Polymer Dose ) ) I:ET&Z?:YM
Speed | Time G Speed | Time G
mg/gSS | rpm sec | sec! | rpm sec sec’! %
Zetag 1 12 400 10 525 50 300 31 66
CT2 10,7 300 20 334 50 300 31 59
Zetag 3 43 300 10 334 50 300 31 49

3 Checking SF in working with coagulant PAX 18 and choosing the best pair coagulant-

flocculants.

This work is the same like in the step 1. After Jar test date of relationship between rate
of degree removal turbidity and dosage of polymer was obtained (but dosage of coagulant PAX
18 was known — 50 ul). The best dosages of polymer were selected like in the step 1. It is
necessary to get the higher level of removal turbidity and the smaller dosage of polymer.

The smallest dosage of polymer and highest level of removal turbidity show two couple

of coagulant-flocculants:

1)Pax 18+Zetag 1;
2)Pax 18+Zetag?2.

Table 5 Relationship between degree of removal turbidity and dosage of polymer

% Removal turbidity
Name of
polymer Dosage of polymer, ng Best dosage
200 400 600 800 1000 1500 mg/g SS
CT2 68 67 74 63 53 79 3,5
Zetag 1 91 96 93 93 93 86 2,4
Zetag 3 86 76 80 64 82 83 1,2
Zetag 2 89 85 83 92 92 92 1,2
Zetag 4 74 74 68 59 69 87 8,7
Al 96 95 97 96 97 96 1,9
EM 93 96 96 96 94 97 4,7
EAN 92 93 95 87 85 94 1,9

The next step is the optimization conditions of coagulation process and also dosage of
coagulant when dosages of polymer are known (400 and 200 pg).
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Figure 2 Relationship between rate of removal turbidity and dosage of PAX 18
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This figure shows that the best dosages are 75 pl for polymer Zetagl and Zetag?2.

5. Conduct SF without adding reagents with flocculants, coagulants and coagulant-
flocculants.

After when the best polymers, coagulants, couple coagulant-flocculants and conditions

are known, it is possible to make Salsnes Filtration with different sizes of filter material to
know how SF work with different reagents.

Table 6 Results of Salsnes Filtation

Only
Polymer 1 | Polymer 2 | Polymer 3 Coagulant Coagulant+polymer
Name Dimension Zetag 2 | Zetag 1
Zetag 1 CT2 Zetag 3 PAX 18 + +
PAX18 | PAXI18
Dosage ISnSg(AC)/ & 12 7,5 3 1,2 2,4
Rapid Mixing | rpm 400 300 300 400 200 200
Time sec 10 20 10 10 10 10
G values sec”! 525 334 334 525 183 183
Slow Mixing rpm 50 50 50 40 40 40
Time sec 5 5 5 5 2 2
G values sec! 31 31 31 23 23 23
Highest rate of
removal % 77 79 75 59 99 98
turbidity
Size mesch pm 90 250 90 90 33 | 75x55
3 3 /2
Hydraulic m/m 16,2 27,2 12,4 10,4 32 3,7
capacity hour
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This table shows how work SF with different reagent or without them. This date can
help to understand which conditions and reagents are needed to use to solve any problem. We
can see that couple coagulant-flocculants give the best removal of suspended solids but this
couple have a smallest hydraulic capacity. If use this filter like the pre-purification system
before biological treatment, it is possible to use only polymers which will give level of removal
SS about 80% and the highest hydraulic capacity 27 m*/m>-hour.
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Abstract

The main aim of the work is the development of Game Theory methods for the water
chemistry mode control of secondary coolant at nuclear power plants. The proposed methods
allow making a decision based on measures maintenance of the optimal control strategy,
taking into account the current state of equipment, namely corrosion, pitting and heat-
exchange apparatus wear-out. The application of the Hurwicz criterion for a decision making
process under uncertainty is proved. The developed method helps to predict the process
behaviour more accurately, significantly reduces the time of searching an optimal control
strategy and can be used to determine the optimal strategies for similar processes.

AHHOTAIHS

OCHOBHOH 1IENBI0 paOOTHI SBISETCS PAa3BUTHE METOJIOB TEOPHUU UTP JUIS YIPABJICHUS BOIHO-
XUMHYECKUM pexuMoM BTOoporo KoHTypa ADC. IlpeanmoxkeHHbIE METOABI IO3BOJISIOT
HOAJEP)KUBATh ONTHMAIBHYIO CTPATETHI0 YNPABICHUS C YYETOM TEKYILEro COCTOSHUS
00OpyOBaHUs, B TOM YHCIE CKOPOCTH KOPPO3HMH M KOJIMYECTBA OTJIOKCHUH Ha
MOBEPXHOCTSX TEIMII00OMEHHOT0 000pyA0BaHHs BTOPOro KOHTypa. OG0CHOBAHO MPUMEHEHHE
kputepust ['ypBuna Juisi mporiecca NPHHSATHS PEUICHUH B YCIIOBHSIX HEONPEAEICHHOCTH.
[IpemnoskeHHBINT METOJ TO3BOJISIET OOJiee TOYHO MPOTHO3MPOBAThH IMPOTEKAaHHWE MpoIecca,
3HAYUTEIBHO COKPATUTH BPEMS IMOMCKA ONTHUMAIBHOW CTPATETUHN YIIPABICHHUS H MOXKET OBITH
UCTIOJIB30BaH YIS OTIPEIEICHUS] ONTHMAIBHBIX CTPATErHid U1l aHAIIOTUIHBIX TPOIIECCOB.

Keywords: control, Hurwicz criterion, water chemistry mode.

Introduction

The problem of liquid wastes recycling and the wastewater treatment at nuclear power
plants (NPP) is undoubtedly one of the most important current problems. The water quality
and wastes quantity depend on the water chemistry mode (WCM). The term “water chemistry
mode” means a particular list of measures that should help to maintain the required quality of
a working medium. According to regulations, the water quality indexes include pH,
conductivity, impurity density (Na*, Cl-, SO4*, SiO2, O2), quantity of corrosion (Fe**, Cu?"),
density of correcting agent (NH4OH, LiOH, N2H4-H20, morpholine etc.). The increased
amount of these impurities can cause scale deposits, intensify the corrosion rate and decrease
durability of equipment. Thus, the second important problem affecting the secondary circuit
of the NPP is the equipment diagnostics. Non-optimal ways of maintaining the WCM can
lead to unnecessary growth of liquid toxic wastes, inefficient consumption of additives,
corrosion, and heat-exchange apparatus wear-out.

Thus, the WCM affects not only the operational safety and power system security, but also
has great influence on the environment. An analysis of factors that lead to the accidents at the
NPP shows that a significant part of the accidents are caused by human errors, due to
erroneous decisions or lack of well-trained staff. Erroneous actions by staff as well as the
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potential for avoidance of the decision-making process are aggravated by the incidents and
facilitates their transition into emergency mode (Gertman & Blackman, 1993; IAEA, 2003).
Human behaviour during disorders of normal operation modes is a source of uncertainty.
Over a period of time, from the beginning of the event, the probability of erroneous actions is
quite large ranging from 0.2 to 0.3. According to literature sources, human error ranged from
60 to 80% in all studied cases.

The existing ways of control of WCM is mostly based on the Control Theory methods
(Brogan, 1990). However, due to the complicated nature of WCM serving as a control object,
and due to the stochastic nature of the critical and emergency situations, it is extremely
difficult to foresee all options for optimal water chemistry conditions using the Control
Theory methods. In fact, operating staff carries out the search of control strategies based on
their own experience that leads to sufficient extension of response time and increases the
probability of an emergency progress.

Along with the classical Control Theory methods, the expert systems (Dvorak, 1987),
neural networks (Anderson, 1995), fuzzy approaches (Xie, Wilkinson, & Tina Yu, 2005) are
widely used.

The expert systems are built on the basis of the classical principles (if-then-else) as well as
on case-based reasoning. The expert systems of the second type are more efficient because
they allow solving a new problem by using or by adapting solutions of well-known problems.
The main advantage of using the expert systems is the quickness of the optimal strategy
search. The disadvantage is the difficulty of completing the knowledge base, the
inconsistency of the proposed strategies for complicated tasks and the difficulty of adapting a
solution to the real situation.

The artificial neural networks allow designing computing structures that simulate the
processes associated with the processes of human thought. The difficulty of practical
application of neural networks associates with the adaptation of the trained artificial networks
to other objects, because the trained network could be too strictly tied to the configuration of
a specific object.

The fuzzy approaches allow to operate the inputs that are not clearly mathematically
defined, and to use the fuzzy optimization criteria for the fast simulation of complex dynamic
systems and their comparative analysis.

In contrast to the above-mentioned approaches, Game Theory makes it possible to solve
the problems under uncertainty and provides a solution that meets the required accuracy
(Leyton-Brown & Shoham, 2008). Game Theory does not provide clear and strict
mathematical guidelines on the decision-making criteria that causes certain subjectivity of the
adopted strategy. However, this approach creates streamlining of the existing data, helping to
set the WCM states, alternative solutions, gains and losses in various combinations. Such an
arrangement of the problem representation improves the quality of the adopted solutions.

This is the reason for the development of Game Theory methods for the prediction and
control of the WCM at the NPP. Such a system allows the personnel to take a decision
regarding the necessary actions in any situation. Use of such an approach for staff training
and teaching can help to develop their skills required for the elimination of complex accidents
at the NPP.

The main goal of this research is to apply Game Theory methods for the WCM control
that should help to lessen the quantity of liquid toxic wastes, and to optimise the consumption
of additives. Additionally, the proposed approaches can also improve the environmental
situation and reliability of a plant.
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Methods

Depending on the external conditions and the degree of information capacity of a decision
maker, there are three cases of decision making in Game Theory: under conflict, under risk
and under uncertainty (Halpern J., 2003). Among them, the challenges specific to the WCM
belong to the Games under uncertainty.

The most widespread criteria for decision-making under uncertainty are Wald’s maximin
model (Minimax principle, 2001), Minimax Regret (Loomes, 1982), Hurwicz criterion etc. In
this paper, we propose to use Hurwicz criterion, since it recommends guiding some average
results that characterize the state between the extreme pessimism and unbridled optimism.
According to this criterion, the strategy of Games is elected in accordance with the formula:

H=max{p-min a; +(1-p) - max a;},
lSiSm{p 1<j<n (=) I<j<n i) (D)

where aijj - elements of the game matrix; p — coefficient whose value is between zero and one:
the dangerous situation, the lower our risk appetite, the closer to one selected value p.

According to the Hurwicz criterion, it is unreasonable, taking into account the smallest
gain, not to consider the biggest one. Thus Hurwicz criterion takes into account both
pessimistic and optimistic approaches to the situation. Application of Hurwicz method for the
searching of optimal strategies of WCM control is considered below. Let us consider the
algorithm for solving optimal control task of WCM using Hurwicz criterion for example,
with two-player game: decision making staff (Player A) and WCM (Player B).

As an example, let us examine the WCM at the NPP equipped with a VVER-1000 reactor.
The secondary coolant circuit of such a facility can be represented by the following diagram:

A [}
| |
! v
PG » SVO > K » BOU
A
A\ 4
PVD-2 KEN-2/¢—
A
|
A 4 A 4
PVD-11¢— D PND -5{¢PND -4/1PND -3[1PND -2¢—|PND-1

Figure 1 The secondary coolant circuit of a VVER-1000 reactor.

Abbreviations used in the diagram are indicated in Table 1.
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Table 1 Abbreviations used in the Fig. 1

No Abbrev Meaning Input flow Output flow
iation
1 PG steam generator feedwater blowdown water
makeup water steam to turbine
2 SVO blowdown water steam generator blowdown desalted water
demineralizer
3 K steam condenser steam from turbine condensate
desalted water
4 BOU demineralizer condensate desalted water
5 KEN-2 secondary desalted water desalted water with
condensate pump hydrazine, morpholine, lithium corrective ingredients
oxyhydroxide (corrective
ingredients)
6 PND low pressure water flow from CP-2 hot water(150 0C)
preheater
7 D deaerator deaerating water from LPP-5 deaerated water
heating steam deaerator vented
steam
8 PVD high pressure deaerated water feedwater
preheater

A typical example of the WCM deviation is a leakage of cooling water through the
looseness of a steam condenser that leads to the impurity density increase in the second
circuit. Therefore, a possible strategy of Player B is to increase the concentration of Ca®*,
Mg?*, K*, Na®, CI, HCO*, SO4* ions. Let us denote this strategy as (B1, B, ..., Bs). Each
strategy is a combination of ion concentration (Ca?*, Mg?* etc.). The strategies of Player B
lead to the violations of the WCM. Regarding the regulations, the WCM maintenance
includes the application of correcting agents such as hydrazine, morpholine and, if necessary,
NH4OH. Therefore, the strategies of Player A in the simplest case are the following actions:
A1 — increasing the concentration of morpholine; A> — increasing the concentration of
hydrazine; A3 — change (increase or decrease) the concentration of NH4OH.

The relationship between the strategies of each player is determined by the payment
matrix C = {c;},,., Where cij is a gain of the operator. The application of the optimal strategy
allows to obtain the gain that equals the price of the game vV : & <V < | where « - the
lower price of the game (or Maximin - the maximum gains from minimum), f - top price of
the game (or Minimax - the minimum from the maximum gain).

At the first stage, the output data — the strategy of players - will wear the payment matrix
(Table 2). The application of one of the strategies or combinations of strategies by Player B
leads to the increase of electrical conductivity y and pH changes. Consequently, the value of

conductivity and pH can be used as the price of the game; then the gain of Player A is to
maintain these parameters within the limits established in regulations, namely

0.0548 -10* < ¥ <3.0-10™*[S/m] and 8.8 < pH <9.2.

Application of the optimal strategy by Player A should provide the gain regardless of the
actions of Player B, at least for V :
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m -
Zcijpi ZV, j:Ln (2)
i=1

where pi - probability of using the strategy Ai by Player A.
At the next stage, the largest Ai’ and smallest ai gains of Player A count:

_ _ 3)
a; =min{c;},i=Lm; j=Ln
J
Table 2 Payment matrix

Strategies of Player B Worst Best Coefficients of Optimization

Player A B, B, .. B, Gain Gain a, e a,

4 € G T Gy ay A{ 3 Vin

4, Cy  Cp 7 Gy a, Aé V5 Vi

Am cml cmZ T cmn am A;}’l le R me

Abbreviations used in Table 2: 4, — strategies of Player A (i=12,...m); B ; — strategies
of Player B (j=1,2,...n); V;;— calculated conditional winnings, ; — statistical coefficients
of optimization; m — number of coefficients. To avoid the decision making risk, let us accept

the statistical coefficients of optimism close to one: o —0.9; a, —0.8; a3 —0.7.

The third stage involves the calculation of conditional gains of Player A depending on the
chosen strategy:

Vi=aa+1-a;) A, )
The decision of choosing the optimal strategy is made according to the following criteria:
max %/U}: {aj-al-+(1—aj)-A'l-} (5)

Thus, the largest of the calculated gains is determined according to (5).

Results and Discussion

The efficiency of the chosen method was evaluated for two cases: in the first case, the
price of the game was the electrical conductivity of water in the second circuit, and in the
second case, the price of the game was the pH value.

The values of the conductivity and pH of the water in the secondary circuit are calculated
using a software module developed by Visual Basic Application for MS Excel. The example
of the initial data and the results of this module are given in Table 3 and Fig. 2 respectively.
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Table 3 Water content example

Cations/ Anions Concentration, Molar mass, Equivalent weight,
mg/dm3 g/mol g/mol
Ca?*t 5.0 40.08 20.04
Mg 5.0 2431 12.015
K" and Na* 1.5 23 23
OH "~ 0.0 17 17
HCOj3 80.0 61 61
co¥ 0 60.01 30.005
Neor 180.0 96.07 48.035
Cl™ 90.0 35.45 35.45
Hurwicz “
— Correction — Results
Sum of Cations 16 Hyvdronmm lon Concentration
Sum of Asions 29 PH= | 84
Conductivity, S/m
Corrected value 30
x= I nosg *1074
OK

Figure 2 Example of pH and conductivity calculation.

The results calculated in this step, namely values of the conductivity and pH, are
transferred to the software module that implements the method of the decision-making under
uncertainty using Hurwicz criterion. The table for entering data for the first case (the price of

the game - the value of the electrical conductivity) is presented in Table 4, and the results of
the calculation - in Table 5.

Table 4 Initial part of Payment matrix where price of the game is electrical conductivity

Price of the game is Strategies of Player B
conductivity, -10 S/m B, B, B, B, B, B,
4, 0.058 0.061 0.075 0.063 0.059 0.072
St;;‘f%i";“ A, 0.191  0.071  0.092  0.099  0.153 0.085
v A, 0.085 0.283 0.152 0.153 0.073  0.215

Apparently, the best strategy in this case is strategy 4. If Player A takes this strategy, it
will get maximum benefit - minimum conductivity equal to 0.0597-10-4 S/m (Table 5). The
optimal strategy for Player B is strategy Bs, the maximum benefit is 0.068-10-4 S/m.
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Table 5 Results of the calculation where the price of the game is electrical conductivity

Strategies of Worst Gain Best Gain Coefficients of Optimization

Player A a;,+10* S/m A;,104Sm ;=09  @,=08  a;=07
4, 0.058 0.075 0.0597 0.0614 0.0631
A, 0.071 0.099 0.0738 0.0766 0.0794
Az 0.152 0.283 0.1651 0.1782 0.1913

The results of the program for the second option, where the price of the game is the pH
value), are shown in Tables 6 and 7.

Table 6 Initial data where price of the game is pH

Price of the game is pH Strategies of Player B
B, B, B B, B; B¢
A, 0.058 0.061 0.075 0.063 0.059 0.072
Stl‘;‘i‘;eﬂeyf A, 0.191 0071  0.092  0.099  0.153 0.085
Y A4, 0.085 0.283 0.152 0.153 0.073  0.215

We can see that in the second case the optimal strategy also proves to be the strategy that
allows the Player A to get the maximum gain (pH = 9.16). The optimal strategy for Player B
is strategy B, , where the maximum benefit is 8.8.

Table 7 The results of calculation where the price of the game is pH

Strategies of Coefficients of Optimization

Player A Worst Gain Best Gain @ =09 =08 a5 =0.7
A, 9.20 8.85 9.16 9.13 9.10
A, 9.12 8.87 9.10 9.07 9.04
A 9.01 8.82 8.99 8.97 8.95

In both cases, the examined results do not exceed the established norms. The price of the
game can also be the corrosion rate, the amount of deposits on the inner surfaces of heat
exchange equipment and emissions into the environment etc.

Conclusions

Existing approaches of the water chemistry mode control (WCM) are presented and the
methods of WCM maintenance are considered. The literature shows that poor decision
making in emergencies has an impact on safety and economic effectiveness of the whole
nuclear power plant (NPP).

The main criteria to link theWCM with Game Theory were the corrosion rate, the amount
of deposits on the inner surfaces of the second circuit equipment and emissions of substances
harmful to the environment.

The features of the application of Game Theory methods for optimization of water
chemistry of the second circuit NPP equipped with reactor VVER-1000 are considered. The
choice of method for decision making under uncertainty using Hurwicz criterion is justified.
The proposed approach can be used to improve the safety and reliability of WCM operation
of NPPs since it provides the best control strategies faster and more accurately.
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Abstract

The recovery of phosphorus released from excess activated sludge by sorption materials is the
aim of this study. Four fine dispersion materials that are Polonite®, dead catalyst of petroleum
hydrocarbon cracking, EAF-slug and burnt dolomite were tested as means for removal of
phosphorus from sludge treatment effluents. The experiments showed that burnt dolomite at
700°C is the best reactive material for this aim. In order to estimate how many less phosphorus
disposals in receiving water mass balance was calculated for two scenarios. It is found that
cleaning supernatant water and centrate mass phosphorus discharged into surface waters may
be reduced on 56%. Overall, the results demonstrate the importance of local materials using
for phosphorus recovery from effluent of sludge.

AHHOTAIUSA

Lenbro paboTHI sIBIsETCS BO3BpAT Pocopa BO3BPATHBIX IIOTOKOB OT 00PaOOTKH N30BITOYHOTO
AKTUBHOTO WJIa B MPOM3BOJACTBEHHBIM IMKIJI C MMOMOUIbIO COPOIMOHHBIX MaTepuanoB. s
ynanenust GpochaToB U3 MIOBOH BOABI OBLIM MCIOJIb30BaHbI CIEAYIONINE MEIKOIUCIIEPCHbIE
marepuaibl: Polonite®, oTpaGoTaHHBIM KaTanu3aToOp KPEKWHIa YIJIEBOIOPOAOB He(TH,
AJIEKTPOCTAJICTUIABMIIBHBIN IJIAK U A0J0MUT 00oxxkéHHbIN nipu 700°C. [TokaszaHo, uto cpenu
NPEACTAaBICHHBIX MAaTEPUAIIOB TOJIOMUT SBIISETCS JIyULIHM COPOESHTOM.

UroObl OIICHNTh, KaK CHU3UTCS Harpys3ka 1o ¢ochopy Ha BOJONPHEMHHK TIPH OYHCTKE
BO3BPATHBIX MIPOTOKOB OYHUCTHBIX COOPYKEHUI KaHAIU3alUH, ObLT COCTABIICH MaTePUAIIbHBIH
OamaHc I OBYX CIIGHapHeB. YCTAHOBJIECHO OYHMCTKA WIJIOBOM BOJBI OT YIUIOTHEHHS H
00€3BOKMBAHMSI TO3BOJIUT COKPATUTh HOCTyIUIeHHE (ochopa B BOAHBINA 00BEKT Ha 56%.
TakuMm 00pa3zoM, MmokKaszaHa IeIeco00pa3sHOCTh PENHKINHTA (hocopa BO3BPATHBIX MOTOKOB
OYHCTHBIX COOPYKEHUH C TIOMOILBI0 MECTHBIX COPOIIOHHBIX MAaTEPHUAJIOB.

Keywords: phosphate recovery; sewage sludge; reactive materials; wastewater

Introduction

Anthropogenic influence to global biogeochemical phosphorus cycle have led to
eutrophication and exhausting the supply of phosphate rock. Nowadays, phosphorite and
apatite are used to make the phosphorus-containing produce (fertilizing, detergents and other).
According to the some research results (Schroder, 2010) the known resources of these minerals
are estimated as enough for the next 50-125 years. Phosphorus as a key nutrient is very
important for all life (Schroder, 2010). Phosphorus excess in water bodies is the mean cause of
abnormal growth of algae and aquatic plants, decreasing of dissolved oxygen and biodiversity
(Correll, 1998). Thus, there are required to limit export of this element to surrounding
environment by recovering phosphorus from wastewater in order to support aquatic system
resistance, the quality water and recycle the valuable element.

As a rule, wastewater treatment plants are the major source of water pollution. The most
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common approaches for removing phosphate depending on plant capacity and requirements to
waste-water discharges are enhanced biological phosphorus removal (EBPR), chemical
precipitation and combination of them (van Haandel, 2007).

Chemical precipitation and EBPR lead to accumulation of phosphorus in sewage sludge.
The application of coagulants that are based on Fe and Al salts results in chemical sludge,
which is less appropriate for agronomic use and often must be landfilled (Metcalf, 2003).
Obtained from EBPR active sludge can be used as fertilizer due to biogenic elements and
essential trace elements. However a large amount of sludge can not be utilized in agriculture
case of high concentrations of heavy metals, persistent organic pollutant, pharmaceuticals and
etc. (De-Bashan, 2004).

Mass-balance fluxes analysis of wastewater treatment plant presents that the richest of
phosphorus flows are secondary effluent and site-stream liquid obtained from sludge treatment
processes (van Haandel, 2007). Under control aerobic conditions active sludge stores
phosphates in solid phase. Microorganisms utilize phosphates to build the cell structure and as
their energy content. The most effective wastewater treatment processes run under ratio of trace
nutrients carbon BOD : nitrogen : phosphorus in waste water respectively 100:5:1. Biological
phosphorus removal involves cycle of anoxic, anaerobic and aerobic conditions. Under stress
conditions, as anoxic or anaerobic, phosphorus leaches from active sludge into liquid phase.
Identical process takes place at the thickening, mechanical dewatering and stabilization (van
Haandel, 2007).

On the one hand, phosphorus export to supernatant water is undesired event, because it leads
to increasing phosphorus load on the activated sludge system. On the other hand, direct sludge
utilization is limited because of content variety of pollution. So the export of phosphates into
liquid sludge by followed purposely fixation in the form of bioavailable state is the perspective
process (Stark, 2004). Up to date transition of phosphorus to sludge liquid under different
conditions is under-investigated.

The aim of this work was to determine the number of phosphorus that can be recovered from
return flows of wastewater treatment plant (WWTP) in the bioavailable form for future use.

Materials

Wastewater, suspension of active thickened sludge, centrate and supernatant water from first
line at Minsk treatment plant (MTP-1, the Republic of Belarus) were examined. Suspension of
active thickened sludge was collected from the bottom layer of thickener tank. Centrate is liquid
phase that is separated from sludge in the centrifuge. Supernatant water is liquid fraction, which
is released from excess active thickened sludge into the gravitational compaction in the
thickener tank.

To remove phosphates from the supernatant water and centrate we applied four sorption
materials with particle size less than 0.5 mm.

Dead-catalyst of petroleum hydrocarbon cracking (DCC) is fine dispersion grey color
powder waste of the four hazard class according to Belarusian classification code. This waste
arises at Mozyr oil refineries. Disperse composition of DCC is variegated, particles have a size
within the range 10-100 um. The main component is zeolite in the catalyst of cracking and,
moreover, its content can reach 40%. DCC is characterized by high mas. % of O — 50.28; Al —
25.85;Si—21.58; La—1.22; Na—1.07.

Crushed electric arc furnace slug (EAF-slug) is by-product at Belarusian steel work. There
are CaO —48.04; SiO2 — 23.34; (FeO + Fe203) — 12.13; A1203 — 9.0; MgO — 4.52; MnO —2.98
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mas. % in it average chemical composition.

Dolomite is an anhydrous carbonate mineral that is composed of calcium magnesium
carbonate CaMg(CO3)2. Burnt at 700°C dolomite (Dolomite 700) from Ruba, Belarus, was
tested in this work. The elemental composition of Dolomite 700 was follow (mas.%.): O —
37.6; Ca-27.1; Mg-16; Si—2.3; Fe—1.1; Al - 0.9;C - 15.

Polonite® is industrial sorbent of phosphorus that is applied in Sweden for wastewater
treatment. It is manufactured from bedrock opoka at 900°C. It is know that such material has
high phosphorus sorption capacity that is about 109 mg P-PO4*/g. Chemical composition is in
general of (mas. %) SiO2 — 60.1%, CaO — 25.4%, Fe:O3 — 2.7% u ALO3; — 5.32%
(Brogowski, 2004).

Methods

Investigating influence of conditions of thickened sludge treatment on phosphorus
concentration in the supernatant water investigated by experimental equipment of the volume
of 2.5 liter. Sludge treatment was campaigned under aerobic and anaerobic conditions at 20°C.
Furthermore anaerobic stabilization was realized with and without stirring.

Batch experiments with fine dispersion materials with dosage before 13.6 kg/m? was
performed. This range was calculated aimed on the sorption capacity. The samples were
shacked for 1 hour, and then sorbent was removed by setting during lhour. Thereafter the
phosphorus content and pH were analyzed in the purification water.

The analysis of phosphorus contents was performed spectrophotometrically, following the
ascorbic acid method. The pH value was determined by potentiometric method (Rice, 2012).

Results and Discussion

In order to determination concentration of phosphates in return flows MTP-1 sample of
wastewater and suspension sludge was collected. Sampling was campaign in the fives point:
from grit chamber (raw wastewater), after primary settling (clarified water), from thickening
tank (supernatant water), after dewatering (centrate from dewatering), and after secondary
settler (purified water). The results determination of phosphate concentration and pH value are
presented at the table 1.

Table 1 The pH value and phosphate concentration at flows MTP-1

Date of sample collection
Flow 5.03.2013 25.03.2013 8.04.2013 21.05.2013
C! pH C! pH C! pH C! pH

Wastewater 20.53 7.3 16.59 7.45 20.45 7.85 10.08 7.37

Clarified | 5308 | 74 | 1862 | 723 | 1846 | 7.61 | 3227 | 7.60
water
Supernatant | ;o6 | 71 | 9270 | 7.03 | 63.84 | 689 | 14573 | 7.12
water

Centrate 357.80 6.9 351.30 | 6.70 | 408.07 | 7.13 | 430.10 | 6.93

Purified water | 0.34 7.2 0.72 7.20 1.93 7.43 4.02 7.47

1 — Concentration phosphates, mg PO,*7/1

The table data gives that phosphate concentration in raw wastewater was in the range of 10—
20 mg PO4*7/1. The highest concentration of phosphates were observed in supernatant water
and dewatering centrate. Concentrations in those fluxes were in ranges of 60—150 mg PO43/1
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and 350-430 mg PO4*7/1, respectively.

The thickened sludge was exposed to anaerobic and aerobic stabilization in the experimental
facilities. As a result anaerobic stabilization for 5-7 days gives fourfold increasing of
phosphorus content. The highest concentration reaches 1237 mg PO4>7/1 out of stirring. At
aerobic stabilization during 23-days the concentration gets 1185 mg PO4>7/1, that is fourfold
more in comparison with the initial concentration. Therefore, phosphate concentration in return
flows of WWTP can be regulated by operating with period of time and type of sludge treatment.

Using inexpensive local materials, that able fixing the phosphorus in a bioavailable form for
plants, is a perspective variant for the removing phosphorus from returns flows of treatment
plants. Consequently applying used sorption materials in agriculture will give the possibility
for phosphorus to return to industrial cycle (Cucarella, 2007).

The degree of purification of centrate and supernatant water from MTP-1was determined in
order to estimate material sorption parameters. Dolomite 700, EAF-slug, DCC and Polonite®
were used to purify the centrate. The relationship between the degree of purification and pH
are presented at figures 1 and 2, respectively.
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1 - Dolomite 700; 2 — DCC; 3 — Polonite®; 4 - EAF-slug.
Figure 1 Phosphates removal from the liquid by- Figure 2 Relationship between pH and
product of centrifugation (centrate) material consumption

Among the studied materials burnt at 700°C dolomite achieves the best degree of
purification. Purification efficiency are grows from 78.2% to 94.5% by addition Dolomite 700
increasing consumption from 6.7 kg/m? to 13.3 kg/m?3. With Polonite®, DCC and EAF-slug the
degree of purification achieves 68.5%, 73.4% and 51%, respectively.

Increase efficiency is correlated with an increase of pH for Dolomite 700, Polonite® and
EAF-slug. For DCC inverse relationship between pH and efficiency was observed that could
be due to a different mechanism of sorption.

The results of supernatant water purification by Dolomite 700, DCC and Polonite® are
shown at figures 3 and 4.
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Figure 3 Phosphates removal from Figure 4 Relationship between pH supernatant
the supernatant water water and material consumption

The presented figures data confirm also that the best sorbent is the burnt dolomite. Dosing
dolomite consumption at 13.3 kg/m? in supernatant water provides efficiency by 95%. Using
DCC and Polonite® at similar consumption allows purification degree of 82.8% and 63%,
respectively.

Therefore, the use of sorption materials for phosphorus recovery from return flows of sludge
treatment facilities will reduce phosphate load on activated sludge facilities. Used materials
due to their structure and properties could be utilized as ameliorant to acidic soils. It is can
reduce mineral fertilizers consumption.

Based on experiential and reference data (Metcalf, 2003; van Haandel, 2007) phosphorus
mass balance for WWTP was calculated for two scenarios: actual technology of the wastewater
and sludge treatment (scenario 1 at fig. 5A) and the technology that provides phosphorus
recovery from return flows by use of sorption material (scenario 2 at fig. 5B)

The calculation was performed by the following assumptions:
—  the treatment capacity is 100 000 m?*/d;
— the phosphorus concentration in incoming wastewater is 8.08 mg P/I;

— for two scenarios the phosphorus degree of purification in the primary settling and
aeration tank, the volume of return flows and phosphorus concentration there are constant;

— the degree of purification with Dolomite 700 is 95%.
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A —scenario 1; B — scenario 2
Figure 5 Mass balance of phosphorus for WWTP

Input phosphorus concentration in return flows without purification increases by 11%. So,
600.2 kg P of sludge transports to sludge bed due to scenario 1 per day.

Using sorption materials to remove phosphates from return flows in treatment plants
provides an opportunity to diminish the phosphorus supplying into water bodies by 56% in
comparison with scenario 1. Additionally, there is phosphorus content in the sludge decreasing.
As is shown above, using the durable thickening and stabilization allow to intense phosphorus
release to sludge water. In this case content of phosphorus in sludge decreases, and mass of
sorb phosphorus increases.

For feasibility study the identity projects for recovering phosphorus from return flows it is
important to bear in mind not only economic indicators but also the information about
ecological effect (Stark, 2004). In order to choose practicable way to produce phosphorus there
are carried out complex analysis based on comparison the life cycle assessment of the offered
technology and producing phosphorus from nature raw materials.
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Conclusion

This study shows that control the release of phosphorus during sludge treatment is important
in achieving phosphorus removal in WWTP. It is shown that the result of aerobic or anaerobic
stabilization is increasing concentration of phosphate in sludge liquid in 4 times. This allows
increasing the phosphorus recovery from sludge water at sorption treatment.

This study was related to the sorption of phosphorus from effluent of sludge treatment by
fine-dispersion reactive materials (Polonite®, EAF-slug, DCC, and Dolomite 700) in the view
of phosphorus recovery. Burnt at 700°C dolomite is the best reactive material for phosphates
among tested sorbents. It is found that use Dolomite 700 to clean supernatant water and centrate
mass phosphorus discharged into surface waters may be reduced by 56%.
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Abstract

Both water preparation and treatment systems operation costs can be considerably decreased
by optimization of industrial water usage network. The industrial water usage system
optimization can be performed by wastewater re-use, by re-allocation of water streams and by
recycling without process changes. The aim of the paper is to propose the systematic
industrial water usage network retrofit approach based on mathematical programming model.
The industrial example of application is included.

AHHOTAIUS

[Ipemioskena npouenypa NPOEKTUPOBAHHMS CXEM BOJHOIO XO34HCTBa, OOecreduBaromias
CYIIECTBEHHOE CHW)KCHHME SKCILTYyaTAallMOHHBIX 3aTpaT Ha OYUCTKY MHPUPOJHBIX M CTOYHBIX
BOJl IyTeM ONTHMHU3ALMKA CHCTEMbI MPOMBIIIJICHHOTO BoJONOTpeOnenusd. OnruMusanus
CUCTEMbl MPOMBIIUICHHOTO BOJOMOTPEOJICHUS BOJbl MOXKET OBITh BBINOJIHEHA IIyTeM
BHEJPEHHUS MOBTOPHOI'O MCIOJIB30BAaHMUS CTOYHBIX BOJ, MEpepacrnpesiesieHus: TOTOKOB BOJIbI
0e3 BHeCeHMs HU3MEHEHUH B TexHojoruioo. PaspaboraHHas mnpoueaypa MoIudHUKaLUN
CYLIECTBYIOIIMX CXEM BOJHOTO XO3sAHCTBa Oasupyercd Ha MNPUMEHEHMH 3aJadu
MaTeMaTHYeCKOTr0  MPOTrpaMMHUpPOBaHUsA.  DPPEKTHUBHOCTh  MPEIIOKEHHOIO  MOAXO0Ja
MPOMJUTIOCTPUPOBAHA MPOMBIIIUIEHHBIM IPUMEPOM.

Keywords: Optimizations, sustainable technology, retrofit design, water re-use, water usage network

1. Introduction

The improvement of environmental and social performance of industry by innovations for
optimal resource efficiency and cleaner solutions is key issue to deal with the variety of rising
environmental challenges. The transition to more sustainable, resource efficient industrial
systems on the basis of eco-innovative products, processes and networks has a lot of the
business opportunities along with contributions to effective environmental protection and
social progress.

Present increasing standard of living is a challenge for natural environment and natural
resources and for water as one of the key resources particularly. The «Water and sanitation»
section of Rio+20 outcome document begins with the sentence that water is at the core of
sustainable development as it is closely linked to a number of key global challenges. Though
water is one of the abundant natural resources, the requirement for water of proper quality has
greatly increased through fast development of world industry. Since currently the remarkable
strides have been made in treating chemical processes as integrated system, this gives rise to
application of process integration methodologies aimed at water consumption reduction in
existing process systems.
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The problem is most often referred to as water usage network (WUN) design/optimization.
In order to make the design process efficient and easy computer software is needed to aid the
designer.

Creating software needs a well-formalized systematic design procedure. Similarly to other
process system design approaches (Furman and Sahinidis, 2002), there are two broad classes
of approaches to design optimal WUN. The water pinch concept (Wang and Smith, 1994), as
one of insight-based methods, now is advanced and widely used. However, for large problems
with multiple contaminants the application of the pinch method is very difficult and does not
ensure even sub-optimal solutions (Alva-Argaez at al., 1999).

The group of systematic methods (Takama at al., 1980; Huang at al., 1999; Koppol at al.,
2003; Jezowski at al., 2006; Lim at al., 2008; Tiana at al., 2008; Xiao Feng at al., 2008;
Matijasevic at al., 2010) consists in solving of mathematical programming problem
formulated on the basis of WUN superstructure. The main reason of applying systematic
optimization-based methods is their robustness.

These methods are more conducive to implementation in software. The main reason of
applying systematic optimization-based methods is their robustness, i.e. possibility of
calculating the global optimum independent of number of variables (scale of the problem).

Hereafter the robust water usage network design procedure, based on superstructure
concept and mathematical programming, is presented and illustrated by an industrial example.
The method is focused on retrofit of existing water network.

2. Mathematical model of water usage network

As stated above, our model of water usage system is based on superstructure principle. The
scheme of the superstructure is shown in fig .1.

Y1i, C1cout Yij, CjcowYN Iy CN Cout Y,' 1, C[_Cout Yij, Ci COMY1N, C[_Cout
Mic

process
i

Figure 1 The superstructure for water usage network retrofit design.

The superstructure consists of water using processes, mixers and splitters. All possible
WUN structures are embedded in this superstructure. The data commonly required for
synthesis scenario are as follows:

1. The set of contaminants, grouped by analogous properties.

2. For each water using process:
= maximum feasible input concentration for each contaminant;
= maximum feasible output concentration for each contaminant;
= mass load for each contaminant;
= water losses and gains.

3. For each external freshwater source:

= upper limit on water source supply capability;
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= the quality of water (concentrations of contaminants);
= the specific cost of water.

4. For entire process — the nominal cost of wastewater reuse from one process to another
(pipeline transportation costs and so on), cost of wastewater treatment.

Several authors, e.g. Dunn at al. (2001), insisted that for retrofit case contaminants input
and output concentrations and flow-rates through processes should be kept at the same values
as in existing processes. In this paper we follow these recommendations since we consider
them well suited for industrial requirements. Hence, we require that for each water using
process input concentration of contaminants and flow-rate of water stream should be given.
Notice, that since mass loads of contaminant are given, the outlet concentrations from
operations are fixed and known for retrofit case.

To present the optimization model of the superstructure some necessary definitions and
symbols are presented in the following.

Let No be the number of water usage operations; Ns be the number of freshwater
sources; Nc be the number of contaminants.

[kg/h] is

the flow-rate of stream from output of operation #i to input of operation # (see the
superstructure in fig. 1)

Let X, [kg/h] be the flow-rate of water stream from source #i to operation #j; Y,

l

The superstructure model of WUN consists of the system of equations, which are mainly
mass balances of units in the superstructure. Notice that the model presented in the following
is general and does not make use of data specific for retrofit case.

The model of freshwater source

jzl,Ns, (1)

max 4

ZX <F,

where F' is water supply ability of freshwater source #j.

max

The model of mixer (the input point to process)

a) overall balance

g

i = =1,No )

s

b) mass balances of each contaminant

Ns No

2(Cex)+ 2 T,)=

=1 Jj=1

ffnesn) 8

=1 Jj=1

i=1,No, c=1Nc
where CZOC — the concentration of contaminant ¢ in water of freshwater source #/.

The model of water using process
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a) overall mass balance
_f;OUT :f;- _f;LOSS +f;GAINS’ i
b) balances for each contaminant (in general case)
Ciocut =0y (C/IZ > ACic’ ﬁ> mic)’ i=1,No;
c=1,Nc

I
\.i—l
S

“)

where @, is a certain, given function; 7, is a mass load for contaminant #¢; AC,, is a value
of concentration change in process #i (for contaminant #c )

Czocm = (pijc(ciif’ACic’fiﬂmic)a i =1, No;
1

g

¢
For a simple case

o =Cl 4 AC,

ic?

i=1,No; c=1Nc )

ac, =Iv, i=1,No; c¢=1,Ne ©6)

ic

The model of splitters (the output point to process): overall mass balance

No
DY Y =10, i=1,No (7)
j=1

The mass balances for the sequence: mixer-process-splitter:

a) streams

i=1 j=1 i=1 j=1

{Z"Z"Kj}zoxﬁ[z"ﬁmms ‘ij

szﬁ(zsz]:
(8)

i=l j=1 i=1 i=1 i=1

b) for each contaminant (¢ =1, N¢):
No

Ns No
Scteyiac -3 ©)

i=1

Technological constraints (i =1, No; c¢=1,Nc):
Cil <Clyuy (10)
G < Coliux (11)

In order to ensure that the global minimum usage of fresh water will be met one can add
the additional constraint:

k
ZX“ SfPINCH (12)
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Parameter /""" denotes the minimum usage of freshwater. The value of this parameter

can be calculated beforehand by some methods available in the literature, e.g. water pinch
approach from Wang and Smith (1994).

3. Optimization criterion

The most common performance index for WUN applied in the literature is cost of fresh
water consumed in the network (notice that in case of a single fresh water source the goal
function is simply the usage of fresh water):

k n
min  Z= (WIZX“] (13)
I=1

i=1
where W, is unit cost of freshwater from source #I.

It is well known that the goal function influences the performance of optimization for
nonlinear problems in particular. Hence, we performed some numerical experiments with
various other goal functions. It is clear that in order to reduce fresh water cost a network
should reuse as much water as possible. Hence, we applied the goal function (13) in order to
minimize fresh water consumption and to maximize water reuse:

min sz(mi)(nj—[iflﬂ,} (14)

We have also developed other goal functions similar to (14). They are listed below.

k n No No n iyﬂ
min  Z= (W,ZXHJ—[ZZYJ,}— e (15)

i=1 i=l j=1 i=1
DX,
I=1

min 23w, | 3 16

=1 i=1 i=1 ZWX
1=+

n

Y

n Ji

min @ Z=-| > L— (17)
Sy WX,
I=1

All the performance indices (13)-(17) were tested for the problems from the literature. The
goal function (14) suggested by us ensures the highest performance of the optimization
(though the performance of goal function (13) is of similar order) and this goal function was
applied in further investigations.

In order to account for cost of piping the additional term has to be added to fresh water
cost. To calculate this term one needs unit costs of pipes. Since such parameters are difficult
to estimate precisely in industry we propose the use of relative cost of pipes. Parameters ¢, in

matrix C can be simply taken as distances between processes 7 and j.
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Relative reusing costs factors v; can be calculated as follows:

hy=—

i K{c]} (18)

i,j

One can notice that since v, are relative cost coefficients, hence cost parameters for

freshwater W, in (13) should also be treated as relative unit cost of fresh water. Such relative

costs are defined by:

S (19)

In order to account for cost of connections for water reuse in modified goal functions (13)—
(17) we suggest to multiply parameters Y, by reciprocals of coefficients v, :

| .
VU.:/T, i,j=1,No (20)
i

Thus, the modified goal function (14) becomes:

Ns No No No
min Z:Z(w,ZX,ij—[z v,.jYﬂ.j 2D
I=1 i=1

i=l j=1

4. Case study

Let’s illustrate the proposed methodology by the case study from pulp-and-paper industry.
Technological input data are presented in table 1.

Table 1 Water usage units (limiting data)

# Process Mass load Cin, Cou, Fili(:)svlvll“’;i::er
kg/h mg O/ dm® mg O,/ dm? m/h ’

1 Pulping 24800.0 500 5000 5511.1

2 Bleach wash 50.0 100 400 166.7

3 Papermaking machine (I) -18225.0 5000 500 4050.0

4  Papermaking machine (II) -6480.0 5000 200 1350.0

5 Fiber washing 33 20 100 41.6

6 Blanket washing 21.7 100 500 54.2

7 Drum washing 37.5 300 600 125.0

8 Mercerization 10.0 100 220 83.3

9 Degumming 4.8 200 2500 2.1

10 Desizing 354 300 3700 10.4
Total 11394.4
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Goal function:

Constraints:

min Z=)C” F Xy Xy F Xy T X5 X T X Xy X +xl|l)_YlI _le _Yl3 -
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e D e T T e e e e e e e e
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e e e e e e e e e e R T O

Y99 7Y9m 7Y|01 7YIOZ 7Y|03 - Ym4 7Y]()5 7Y105 7Y|07 Lo 7Ym&) - Ymm
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Vi j,l: X, >0

Y, 20 i=110, j=110,/=1

The possible structure of WUN corresponding to the results of the model optimization is
presented in fig. 2.
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Figure 2 Possible structure of WUN of pulp-and-paper plant.
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In the optimized network the amount of wastewater to treatment has decreased by 56.18 %.

5. Conclusions

The methodology of industrial water networks retrofit design was developed. The stage of
optimal network design by a MPP solution was considered in more details. Mathematical
programming model with provision for costs of fresh and reused water, possibilities of
wastewater reuse was developed. Industrial illustrative case study presented in the paper
proved the efficiency of the approach.
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Abstract

The aim of this research project was to investigate the possibilities of CFD and introduce CFD
as a new tool in optimization of water treatment process, with focus on sedimentation tank.
Paper consists introduction, where introduced importance of cleaned water and existed water
treatment mechanisms. Sedimentation process as the simplest and effective particle separation
process. Describing of methods that were used during researching. Theoretical background,
governing equations and simulation procedure of CFD, turbulence and multiphase model is
introduced in “Methods” chapter. In the results section, ways of modernization and new
retrofitted model are represented.

Key words: Computational Fluid Dynamics (CFD), sedimentation tank, simulation, turbulence model,
modernization, wastewater treatment.

Introduction

Seventy percent of the Earth’s surface is covered with water, and yet there is an acute
water shortage. This is because 97.5 per cent of it is salt water, and almost three quarters of
the freshwater is frozen in ice caps. Consequently, more than one third of the world’s
population, that is 2.4 billion people, has no access to clean water. The issue of water - its
quality and its quantity. To meet these goals water has to be treated properly.

Water treatment is the complicated and inseverable process which consists several
stages depending on each other: mechanical treatment (screening, filtration), chemical
treatment, sedimentation process and disinfection. Sedimentation is the most common particle
separation process in the wastewater treatment. Nowadays, sedimentation process commonly
used to remove impurities that have been formed during coagulation and flocculation process,
flocculated particles settle to the bottom of the tank, while cleaned flow goes out of the tank,
this procedure able to remove 50 -70% of the suspended solids, 25-40 % of BOD from the
wastewater (Rajvaidya and Markandey,1998). Despite the practical importance of the
sedimentation tanks, current design practice mostly dependence on empirical formulas which
do not take full account of the detailed hydrodynamics of the system. The list if factors impact
on the capacity and productivity of a sedimentation tank, such as surface and solid rates, design
of the tank, what kind of solids removal mechanism, inlet outlet parameters, and etc. To account
it, proper understanding of sedimentation tank behavior, processes which going inside is
crucially important for effective tank design and operation. Traditional sedimentation tank
design methods work like a “black-box”, we can observe only external features, but we have
no possibility to look inside of the tank (Metcalf, 2002). To avoid “black-box” effect, tedious,
time consuming, and expensive experiments Computational Fluid Dynamics (CFD) started
used during the last decades. CFD simulates hydraulic performance of a sedimentation tank
before design work starts, thus avoid probability of failures (Anderson, 1995).

The aim of this study is to show the use, benefits, applicability and main possibilities
of CFD in water treatment technology with focus on sedimentation tank. As (Shilton, Glynn
et al. 2010) writes: “We need only to look at other industries to see how CFD can be used
reliably for complex design. It is powerful tool, whose potential has been practically untapped
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by the water industry. As awareness of this grows there can be little doubt that we shall be
seeing much more of CFD in the future. The aim also is to validate and calibrate the model of
the existing sedimentation tank which situated at the Drobak WWTP, and to propose the
retrofitted models to increase efficiency of the tank.

2. Material and Methods
2.1 Basic of CFD theoretical explanation

Equations are used to mathematically describe the physics of fluid flow. The
continuity equation and the momentum equation, also known as the Navier-Stokes equation,
and energy equation are needed to describe the state of any type of flow and are generally
solved for all flows in CFD modelling, see equation 1 and 2, respectively (ANSYS CFX Solver
Theory Guide 2011).

. . 0
Continuity equation: a_’t) +Vx(p*xu)=0 )
Navier-Stokes equation: ?;: + V= (puu) = -Vp+ V=1t +pg 2)
- ar OT _ _pUi g0 . 9Uj
Energy Equation: PCug, + pc,U; o P o7, + Aaxiz Tij oms 3)

Where: p — is a density, u — is an instantaneous velocity, p — is a pressure, T- viscous
strees tensor, and g — is the gravity vector.

Turbulence model

To simulate sedimentation process in this study we use standard k- &€ model, also
known as turbulence model. When fluid velocity increase, the Reynolds number will exceed
the critical Reynolds number, so all flow will mixing and will has chaotic and unsteady
properties — such flow, we call turbulent flow.

The standard k-e¢ model include two major equations. These are turbulent kinetic
energy equation k, and equation of dissipation energy e.

Turbulence kinetic energy: % + % = % [(u + %) ;TR + Py + P, — pe—Yy + Sk
i Jj k j

Dissipation energy: + =

d(pe) | d(pewy) _ i(
at dx; axj

9 2
HE) o]+ G (Pt CacPo) = Cacp S+,

O¢

Where: p — turbulent viscosity, Pj- production of k, Pp- effect of buoyancy, C;., C,., and Cs,

— are constant, gy, and o, — are Prandtl numbers.

Multi - phase model

Multiphase flow occurs when more than one material is present in a flow field and
the materials are present in different physical states of matter or are present in the same
physical state of matter but with distinct chemical properties. In multiphase models, the main
difficulties are due to the interface between phases, we use Mixture model as a multi-phase
model during the simulation. By follow the notations of Ishii (1975) we can formulate
continuity and momentum equations for each phase.

Continuity equation: aa—T (o) + V(e Vi) =m 4)
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Momentum  equation: %(PmVnI’ )+ V(omVi Vi ) = =Vp + VIpn (VW7 + VO] +
Pmg” +2 +V * (Zie=1 X PiVarkVari) ®

Where: V,,;” - is mass averaged velocity, p,, — is density of the mixture, ;- is viscosity of
mixture, Vd_;, i - drift velocity of the secondary phase.

2.2 Boundary and initial conditions of the sedimentation tank simulation

A full — scale horizontal sedimentation tank was investigated in the Drebak
wastewater treatment plant. The plant receives raw water from the houses, with capacity around
400 m3/h. The pre-treatment process includes coagulation and flocculation, and after it water
goes directly to the sedimentation tank throw two inlet pipes, with dimensional 500m each, and
situated on the 2 m below the water level. There are two baffles front of the inlet on the distance
of 500 m from, with dimensions 500 mm each. The sludge goes down to the bottom, and
treated, water goes out of the tank throw outlet pipes. There are three outlet launders, two with
20 m length, and central one with 14,2 m, depth equal approximately 22 ¢cm, and with is 0.5 m.

Figure 1 Sedimentation tank at the Drobak wastewater treatment plant

To simulate the sedimentation process, we use such initial conditions as: inlet — velocity inlet,
outlet — outflow. Design of the tank was created by GAMBIT software, based on the original
geometry of the sedimentation tank. CFD models are used to describe the behavior of
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multiphase flow by Euler-Euler approach and multiphase model. The primary phase —sewage
has density is 1000 kg/m3, viscosity is 0.001 kg/m*s; Secondary phase — sediments has
density 1200 kg/m3, viscosity is 0.01 kg/m*s and diameter of particles is 0.1 mm, and
volume fractions of sediments 5 %.

3. Results and Conclusions

3.1 RTD simulation for the single-phase model with the help of the Tracer test
Commercial CFD software Fluent is used in this study, in order to study the flow pattern and
evaluate the hydraulic performance of the sedimentation tank. The whole procedure of the
RTD simulation with the help of tracer test describes in the appendix 3. There are two types
of tracer test conducting, pulse method (E-curve shape) and step method ( F-curve shape) (
USEPA.2003)
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Figure 2 RTD curve of the original tank, E -type
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Figure 3 RTD curve of the original tank, F -type

Analysis of this two type curves shows that the RTD simulation of the original tank
design coincides, and both have two peaks. In the first curve, we can observe first small,
sharpest peak, which corresponds to the smallest volume due to short — circuit in the tank, and
strong surface current, and we can make conclusion that t;, is high, is the time for 10 percent
of the inlet concentration observed at the outlet. As seen from the Figure 2, the first peak range
from time 0 until around 500s after tracer injected. Second peak occur approximately at the
1500s, and can be explained by re-circulating current time. Later, the RTD curve shows
decreasing in a quasi — exponential fashion by the influence of strong bottom density current.
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According to the figure 3 over 15 percent of tracer pass through the outlet during the first

period, what point out on the short detention time.
3.2 RTD simulation based on the Drebak WWTP
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Figure 4 RTD curve based on the real Drobak sedimentation tank

After comparison of these to curves (computational and real tracer curves), we can
surely say, they have the same shape, and both of them have two peaks, which indicates that
computational simulation based on the CFD software can be used for the further investigation
as real results. To take a look on these curves, we can observe two peaks phenomena, what is
the reason? It could be because of short —circuit in the tank, short retention time and bad tank
design.

3.3 Multi-phase simulation result
3.3.1 Multi —phase simulation result of the original sedimentation tank

Figure 5 (a) represent’s geometry model of the existing sedimentation tank for the CFD
simulation with the help of the GAMBIT software. All dimensionals are saved and
corresponds to the Drebak sedimentation tank. 4.

a
Figures (b) - (g) represent the evolution of sediments volume fractions after 100 s, 200s,

500s, 1000s, 2000s on the x-y plane at the tank bottom. The line across the bottom was used for
the volume fraction plot. Distribution of the sediments volume fraction along the bottom
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represents on the plot (i) from the inlet (starts position -16m) to the outlet (ending position +16)
at the 2000s.

Figures 5 f — g show that all part of particles settle along the bottom, but biggest part of
the sediments is moved to the outlet by entering flow, and part of particles can get to the treated
water, what can be seen on the volume fraction plot (i). This phenomenon can be due to the
small baffles, which sprays a stream on the walls, and flow velocity is not reduced, moreover
figure 5.h shows return downward current, thus generating an eddy and circulation.

160801 —
160201 — "
120001 — A .

120601 — s

100801 — DR : TR aad

8M0e2 —
6005(2; f’b

40082

20 15 -1C 5 o £ 10 15
Pasition (m)

I h

Figure 5 Flow distribution of the existing sedimentation tank. (b) — (g) counters of the volume distribution on
the y-z plane; (i) volume fraction plot; (h) — counter of the velocity.
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3.3.2 Multi —phase simulation result of the retrofitted sedimentation tank with a 2 m
baffle and sludge hopper.

Figure 6 Simulation results of the retrofitted sedimentation tank with a 2 m baffle. Figure 6 (a) — (e) represent
distribution of the volume fractions along the tank with time

Circulation regions and turbulence intensity in the sedimentation tank could be
reduced by using proper baffle in the inlet (Krebs et al. 1995). Goal et.al. (2008) found that an
extended baffle provides better influent mixing and isolation between the tank influent and
effluent than short baffle, thereby significantly enhancing sedimentation.

We have simulated the retrofitted model of the sedimentation tank with several
changes in boundary conditions and shape. This sedimentation tank has the extended, curve
baffle at the 2 m away from the inlet, and sludge hoper was presented. Velocity inlet magnitude
determine as a boundary conditions too, however, increase velocity magnitude of solids to 1
m/s, velocity magnitude of sewage to 0.8 m/s.

Figure 6 (a) — (d) presents the distribution of the volume fraction during the time, and
Figure 6 (e) presents counter of turbulent kinetic energy. As we can see, the biggest part of the
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particles settle to the sludge hopper, but other part were moving to the outlet (fig.6.i) and
turbulent intensity were reduced. But, we got bypass fluid (Fig.6f), its because of new velocity
zone apperead between baffle and inlet. First peak reduced on the RTD curve, which meaning
the fluid is closed to a “plug glow”.
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To avoid bypass flow around the baffle, we move baffle to the 4 m, and results are given in
the Fig. 7.
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Fig.7 (a) — (e) shows that 4 m baffle reduced turbulent intensity, and bypass flow. Volume
fraction plot shows that 60 % of the sludge distributed along the bottom, which indicate on the
improvements.
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3.3.4 Multi —phase simulation result of the retrofitted sedimentation tank with
slopping bottom of 12.5 =, and extended curve baffle.

To guide the fluid significantly deeper inside the tank, and to reduce intensity of
turbulent kinetic energy, we proposed such retrofitted form of the sedimentation tank.
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Figure 8 Simulation results of the retrofitted model. Distribution of the volume fraction after (a) 100 s, (b) 800 s,
(¢) 1500 s., (d) plot of volume fraction of sediments. (¢) - RTD curve.

Figures 8 (a) — (c) show the evolution of density distribution. The results show that an
extended baffle forces the solid to move faster towards the bottom of the tank and decreases
the inlet recirculation zone. The RTD plot shows closer results to the ideal “plug flow”. The
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effect of an extend baffle is also displayed in the Figure 8.d - volume fraction, we can see that
90 % of the sludge in the sludge hopper.

Conclusions

This works deals with the development of the retrofitted model of the treatment of
wastewater sedimentation tank. The review of the existing sedimentation tank shows that there
are many different hydraulic problems in the existing sedimentation tank. Such as, short
retention time, short circuiting, bottom currents, dead zones and bad design. After investigation
of the several retrofitted model, we can conclude that baffle strongly increase sedimentation
efficiency. Simulation showed that baffle at 2 m and 4 m distance reduce turbulent intensity,
circulation zone and bypass flow. The baffle also could push the sludge to the outlet, this
problem can be solved by introduction of sludge hoper, which was introduced in the other
retrofitted model. To take into account all advantages and disadvantages, the model with
slopping 12.5 = bottom, and extended curve baffle was introduced. Extended baffle forces all
particles towards the bottom, reduced recirculation zones. RTD curve the closest to the ideal
“plug flow”, and distribution of the volume fraction along the bottom show improvements, and
increasing of the volume present until 90 %.

In general, CFD can be a powerful tool for the simulation of the sedimentation process,
and other water treatment processes. CFD gives us deeper understanding about hydraulic
internal processes, helps us to avoid “black — box” effect, tedious, time consuming and
expensive experiments. CFD gives new ideas, new possibilities and discover new ways in water
treatment process.
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AHHOTAIUSA

Ilenms wuccnemoBaTenbCKOW palOOTHI  OblIa M3YYUTh BO3MOXHOCTH  BBIYMCIMTEIILHOMN
rugapoguHamMukn (CFD) w mpencraBuTh €€ Kak HOBBIH MHCTPYMEHT JUISI ONTHMHU3AIUU
mporecca BOJOOYHCTKH, & UMEHHO Mpollecca oTcTanBanus. Pabora BkitouaeT B ceds Takue
pazJienbl Kak: BBEICHHE, II€ TPEACTABIeHA BaXKHOCTh YHCTON BOJIbI U CYIIECTBYIOIINE METO/IbI
€€ OYMCTKH, TIPOIIeCC OTCTAMBAHMSI KAK CaMblii TPOCTON ¥ 3 (HEKTUBHBIN MPOLIECC pa3/ieIeHuUs
TBepaoi u xujakon das. B pazaene «Marepualibl 1 METOIbD» TIPEICTABICHBI ONPEACISIONTIE
ypaBHeHus1 yucienHoro pemienus CFD, mpeacraBiien anropuTM Ipoiiecca CUMYJINPOBaHUS,
MOJIeTb TypOYJIGHTHOCTH W cMecu. B pasnene «Pe3ynbTaThl W BBIBOJBD», MPEACTABICHBI
pe3yIbTaThl CUMYJIHPOBAHUS PEATLHOTO BTOPUYHOTO OTCTOWHWKA W TPEUIONKEHBI MyTH U
CIOCOOBl MOJICpHU3AIUU, & TakKe ObUIM MPEAJIOKEHB MOJCPHU3UPOBAHHBIC MOJICIN
OTCTOMHHUKOB.

KumoueBsbie ciaoBa: BeruncnurensHas ruapoannamuka (CFD), BTopuuHBIiA OTCTONHUK,
CUMYJISALIUS, MOJIENb TYpOYJIEHTHOCTH, MOJIETb CMECH, MOJCPHH3AIINS, CTOYHBIC BOJIBI.

BBenenune

Bce 3narot, yto 70 % NMOBEPXHOCTH 3€MJIM ITOKPBITHI BOAOH, U BCE PAaBHO BO BCEM MHpPE
CYIIIECTBYET OCTpasi HEXBaTKa B MUTheBOW Boje. [IpuurHON 3TOro MOKeT ObITh TO, uTO 97,5
IPOIIEHTOB BOJBI — COJIEHHAs BOJAA, M NOYTH TPU YETBEPTHU CBEKEH BOJABI HAXOIUTCS B
3aMoposkeHHOM BHe. CreoBaTensHO, 6osiee 4eM ofHa TPEThs MUPOBOIO HaceIeHus 370 2,4
MUJJTMApJA Y€JIOBEKa HE MMEIOT JOCTYN K YHMCTOH Boze. | JaBHBIE BOMPOCHI, CBA3AHHBIE C
BOJIOM — €€ KauecTBa M €€ KONWYeCcTBO. [ MOCTMKEeHUs 3TUX Leiel BoAa JOJDKHA OBITh
MIPaBUJIIBHO OYUIIIEHHOM.

Uro Takoe mpoiiecc BOJOOYUCTKU? BogoouncTHON npoliece 3TO CIOKHBINA, HEPa3pbIBHBIH
MPOLECC KOTOPBIH COCTOUT M3 HECKOJIBKUX CTAIMH 3aBUCIINX APYT OT Apyra: MexaHHuuecKas
OuucTKa ((UIbTpalus, OYMCTKA C IOMOILBIO SKpaHa), XUMHUYECKash OYHUCTKA, IpOLEecC
ocelaHus, npouecc Ae3uHpUIupoBaHus (030HUPOBAHUE, XJIOPUPOBAHUE, YIbTpaduoIeToBOE
W3ITyUYeHHeE).

Ocemanus 3TO caMblil TPOCTOM U pacpoCTpaHEHHBIN MpoIiiece pasencHus (a3 B mporiecce
BoJ0OUMCTKe. Ha ceromHsmHuii neHb, NpPOLECC OcedaHus OOBIYHO HCIIONB3YETCs JUIs
yAaJeHusl TpUMeced, KOTopble ObUIM CPOPMHPOBAaHBI B XOJ€ IpoIecca KOATyJSIHUA |
(brokynsaun, (HIOKKYTMPOBAHHBIE YaCTHIIBI OCEIAI0T CAaMONPOM3BOIBHO Ha JIHE pe3epByapa,
B TO BpEMs1 OUYMILIEHBI IIOTOK BBIXOJUT U3 pe3epByapa, 3Ta npoueaypa MmoxeT yaanutb 50 -70%
OT B3BeIIEHHBIX BemecTB, 25-40 % BIIK ot ctounsix Boj (Rajvaidya and Markandey 1998).
Hecmotpss Ha mpakThueckoe 3HAUY€HHWE OTCTOMHUKOB, Ha CETOAHSIIHWUN JIeHb NpPaKTUKa
CO3JIaHMsl [U3aiiHa OTCTOMHMKA B OCHOBHOM 3aBHUCHUT OT SIMIMPHUECKUX (HOpMYJI, KOTOPBIE HE
B [IOJIHON Mepe MOT'YT ONUcaTh UAPOAMHAMHUYECKHUE poLiecchl B cucteMe. MakTopsl, KOTOpPhIE
BIMAIOT Ha IPOU3BOIUTEIBHOCTh U 3(P(PEKTUBHOCTH OTCTOMHMKA: CKOPOCTh BXOJSAIIETO
NOTOKA, TU3aiiH OTCTOMHMKA, MEXaHU3M yJaJeHUs YacTHll, TU3ailH BXoJa M BBIXOJA M T.1.
VY4er Bcex 3THX NapaMeTpoB KpaiiHe HeoOXoauM A 3(PQPEKTUBHOTO MPOEKTUPOBAHHS U
AKCIITyaTaluy OTCTOWHUKA. TpaJuIIMOHHbBIE METO bl TPOEKTUPOBAHMUS OTCTOMHUKA PabOTaIOT
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KaK «4epHBIN SIIMK», TO €CTh Mbl MOXKEM HaOJIOaTh TOJIBKO BHEIIHHE YEPThl, HO MBI HE
MMEEM BO3MOKHOCTH 3arJITHY Th BHYTPb OTCTOMHUKA, M OLIEHUTDH KaKHe MPOLECCHI IPOUCXOIST
non ypoBHem Bomoi (Metcalf, 2002). YroOsr m3bexars >ddexra "depHOro smmka',
JNOPOTOCTOSIIINX,  JONTHX W YTOMHUTEIBHBIX  OKCIEPUMEHTOB  BprumciurenbHas
ruaponuHamuka (CFD) nHawana wmcrnonb3oBaThCsi B TeueHHE NocienHux aecsruietnid. C
nomomibio CFD BO3MOXXHO TMpelcKa3aTh IOBEJIEHHE I[IOTOKA, CHMYJHUPOBATH MPOIECC
oCeJlaHus 10 Hayaya MPOeKTHBIX PadoT, TAKUM 00pa3oM, H30eKaB MOTEHIUATBHBIX OIINOKH.

Iesbto nanHOM pabOTHI ABJISIETCS MOKA3aTh NEPCIEKTUBHI HCIIOIb30BaHUS, IIPEUMYIIIECTBA,
U OCHOBHbIE BO3MOKHOCTM CFD B TEXHOJIOTMM OUYMCTKM BOJbI C AKLEHTOM Ha Ipolecc
orctauBanus. IIpegocTaBUTh MeXaHU3M KaJIHOPOBKU MOJEIH CYIIECTBYIOLIETO OTCTOHHMKA
KOTOpBI pacronoxken B T.Drebak, m mnpennoxuts MOACPHU3HUPOBAHHOW MOAETH IS
noBbIeHust d(hHekTHBHOCTH mporiecca orctanBanus. Kak mucan (Shilton, Glynn et al. 2010):
"MBI TOJDKHBI TOJIBKO TIOCMOTPETh Ha APYTHE OTPACIU HHIYCTPUH, YTOOBI yBUAETh, kKak CFD
MO’KHO HaJIe)KHO HUCII0JIb30BaTh JJIsl KOMIUIEKCHOTO au3aiiHa. CFD 3T0 MOIIHBII HHCTPYMEHT,
MOTEHIIAAT KOTOPOTO MPAKTUIECKA HEOCBOCHHBIN B BOJIOOYHCTHBIX TEXHOIOTHAX. Oco3HAHME
ATOTO PACTET C KaXIbIM THEM, U HE MOXKET ObITh HUKakux coMHeHu#, uto CFD Oyner BuneH
Oobie u Oosblie B Oy1yIIeM.

2. MaTtepuajibl U METOAbI
2.1 Teoperuueckue ocHoBbl CFD

YpaBHEHHsI, KOTOPBIE UCIOJIB3YIOTCS JUII MaTeMaTHUYECKOTO OMHCAHUS (PU3UKU IMTOTOKA
JKUJKOCTH - yPaBHEHUE HEPa3pPhIBHOCTH M ypaBHEHUE HWMITYyJIbCa, TaK)KE H3BECTHOE Kak
ypaBHeHuss HaBbe-CTOKca W ypaBHEHHUS SHEPTHH, KOTOPHIE HEOOXOIWMBI ISl OIHCAHUS
COCTOSIHHS JTFOOOTO THITA ITOTOKA M, KaK MPaBUJIO PEIICHBI JUIs BCeX THMOB MoTokoB B CFD
MOJICITUPOBAHUH, CM. YpaBHEHHUE 1, 2 U 3 COOTBETCTBEHHO:

a
YpaBHEHHE HEPA3PHIBHOCTH a—i + V % (p * u) =0 H
Vpasuenus Hasre — Crokca: %u + V= (puu) = —Vp+ V=1 +pg ()
. 2 ouU ;
VpaBHEHME YHEPTHU: pc, % + pc,U; % = —P % + /127_2 — Ty 6_x{ 3)

rac: p —1JIOTHOCTb, U — MTHOBCHHAA CKOPOCTb, p — JaBJICHUEC, T-BA3KOCTD, and £ — BCKTOpD
TSKCCTH.

Mogaesb TypOyJIEeHTHOCTH

Jlnis cuMynupoBaHus IpoLiecca OCeJaHHs B 3TOM UCCIIEI0BAaHUU Mbl HCIIOJIb30BAJIN
CTaHIAPTHYIO K-& MOJIeJIb, TAKXKE N3BECTHAsI Kak MoJiesin TypOyaeHTHocTH. [1pu yBennuenun
CKOpOCTh MOTOKA, ynciio PeiiHonbaca OyeT npeBblaTh KpuTHieckoe ymncio PeitHonbaca, u
CJIEZIOBATENLHO BECh MOTOK OyIeT MepeMeIieH 1 UMETh XaOTHYECKHI U HeCTallMOHAPHBIH
XapakTep - TAKOH MOTOK, Mbl Ha3bIBAEM TYPOYJICHTHBIN MOTOK.

CrannaprtHas k-& Mozenb BKJIIOYaeT B ce0sl IBa OCHOBHBIX YPaBHEHHUH. JTO ypaBHEHHE
TypOyJIEHTHON KHHETHYECKOW YHEepruu k, M ypaBHEHUE SHEPTHU PACCEHBAHU €.

TypOyneHTHass — KMHETHUYEeCKas YHEepIus: k) + Yokuy) _ 0 [(u + %) :Tk] + P+ P, —
k Jj

at Ox; ax]-
pe—Yy + Sk
. 0(pe) | d(peuy) _ 9 ﬂ) e €
VYpaBHEHHE DJHEPIMM  PACCEHBAHUS: o T Toxm  ox, [(,u + o ax]] + Cye . (P +

2
&
CBst) - CZsp M + Ss
rue: U — TypOyJieHTHas BA3KOCTh, P~ mpousBonactBo k, Py, - addext Tanydectu, Cyp, Cye, U
(3¢ —KOHCTaHTHI , 0 and g, — are yucna [Ipanaris.
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Mopens cmecu

Korma Oonee yem onHa ¢aza MpUCYTCTBYET B IMOTOKE, M (pa3bl HAXOJWUTCS B Pa3HbIX
(pU3NIECKUX COCTOSHUSIX, ¥ C PA3HBIMH XUMHYECKIMHU CBOMICTBAMH — TaKOI TIOTOK HAa3bIBAETCS
MHOTO(a3HBIM, HJIM CMeCh. B MHOTO(A3HBIX MOJENSIX, OCHOBHOW TPYTHOCTBIO SIBIISIETCS
B3aUMOJICHCTBUE MEXIY (aszamu, ISl MOJCIUPOBAHMS TPOIIECCA, MBI HUCIIOIB3YEM MOJIENb
cMecH, WM MHOrodasHyro wmozaenb. B coorBerctBum ¢ Ishii (1975) MBI Moxem
chopMyIHpOBaTh YpaBHEHHE HETIPEPHIBHOCTH ¥ UMITYJIbCA JUIST KQXKI0U (a3bl.

a
VpaBHeHKE HEPa3PHIBHOCTH: o (o) + V(o Vi) = m 4)
Vpasnemne  mwmymeca: o (o) + V(oW Viw ) = —Vp + Vi (Wi + ViO] +
Pmg” +2 +V* (Zie=1 X PcVarkVark) (5)

rne: V) - macca ycpeqHeHHas 0 CKOPOCTH, Py, — INIOTHOCTh CMECH, [y~ BA3KOCTb CMECH,
g o o
Var i - ckopocTs apeiida BTopoii hassr.

2.2 HayanbHble M TPAHUYHBIE YCJI0BHA Mpolecca CUMYJISIHUHA TOPU3OHTATbHOTO
OTCTOIHHMKA

[MomHOMacmITaOHBIN - TOPU3OHTAIEHBIN BTOPUYHBIH OTCTOMHHUK OBLT MCCIIEOBaH Ha Oase
3aBO/Ia IO OYUCTKE CTOYHBIX BOJ B I'. Drebak . IcTOYHHKOM CTOYHOM BOJIBI SIBIISIOTCS JKUJIBIE
JI0oMa ropoja. 3aBoJi pacCYMTaH Ha MOMHOCTL 0koj10 400 m3 /h. Ipouece npeaBapuTENBLHON
OYHUCTKH BKIIIOYAET B Ce€0s MPOLECC KOAryJsAuK U (IIOKYJISAIHMU, U MTOCTIe 3TOr0, BOJA UIET
psIMO B JIBA TOPU3OHTAILHBIX OTCTOWHUKA uepe3 BXOJsIIue TpyObl ¢ auamerpoM 500 MM
KaX/Jasi, U pPacHoJOXKEHHBIX HAa 2 M HWXKe ypoBHA Boxabl. Ilpm BXxome B OTCTOMHMKH,
pacnonaratorcs e neperopojku Ha paccrosauu 500 MM ot Bxoza, u ¢ quamerpom 500 mm
Kaxprid. OcaZiok BBIBOAUTCS C OTCTOMHMKA Yepe3 BBITyCKHBIE TPYOBI Ocaaka MpHUEeMHHUKaA, a
YHUCTast BOJIA BEIBOJIUTCS] M3 OTCTOWHUKA Yepe3 TPU BBIXOJHBIX jkeno0a, ABe ¢ AuHHON 20 M,
W LIEHTpaJibHas ¢ AMuHHON 14,2 M, TIiyOnHa %Kesno00B paBHA OKOJI0 22 cM, U upruHOoK 500 MM.
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Pucynok 1. TopH30HTaIBHBINA OTCTOMHHUK Ha 3aBOJIC IO OYHCTKE CTOYHBIX BOJ B I.Drabak

Jis cumMyJIsinyy mporiecca OTCTauBaHUs, ObLIIM MCIIOb30BaHbI TAKHE HAYaJIbHBIC YCIOBUS
Kak: Ha BXOJe —BXOMAIIAas CKOPOCTh, HA BBIXOJE — KOJHMYECTBO BBIXOASIIETO MOTOKA.
I'eomerprueckasi MOAETh OTCTOMHHMKA ObLIa CIPOEKTUPOBAHA C MOMOIIBIO MPOrPAMMHOTO
obecniedenuss GAMBIT 1 NONTHOCTBIO COOTBETCTBYET OPUIMHAIBHOMY T€OMETPUYECKOMY
orctoitHuKy. Monenu CFD ucnonb3yrores Ui onucaHus HOBEJEHNUs MHOT0(a3HOro NoToka
¢ nomopio €itnep — €ilnep noxxoxa u MynbTudazHoi moaenu cMmecu. Ilepsuunas daza —
BoJa, ¢ miotHocThio 1000 kr/M3 u BaskocTeio 0.001 kr/M*c, Bropuudnas (asza — 0caok, ¢
mwioTHOCThIO 1200 kg/m3 u BaskocTsio 0.01 kr/m*c u guamerpom yactui 0.1 MM, oObeMHas
Jonst ocagka 5 %

3. Pe3yabTaThbl M BHIBOABI
3.1 RTD cumyasinusi oniHapa3HOil MoJeJH ¢ MOMOIIBIO TPACHPYIOIIEro TecTa

Kommepueckoe nporpamuuoe obecneuenne Fluent 6bu10 UCTIONB30BaHHO AJIS U3YUEHUS U
MOJICIUPOBaHMUS TOTOKA, M ILEHKU TUAPABINYECKOH MHPOM3BOIUTEIBHOCTH OTCTOMHHMKA.
Onucanue nonHoro anroputMa RTD cumynupoBaHus ¢ MOMOILBIO TPacCHPYIOLIErO TECTa
npusezaeHa B [Ipunoskennn 3. CyiiecTByeT ABa crocoda MpoBeIeHUs TPACCUPYIOIIETO TeCTa
(E-tum) and nomarossiit metox ( F-tum) ( USEPA.2003)

00003 —

0.0003 —
0.0002 —|
Area 00002 — Peak 1
Weighted i
Average
0.0001 —
00001 —|
00000 2000 0000 4000.0000 5000.0000 8000.0000 10000.0000 12000.0000

Flow Time

Pucynok 2. RTD kpurBast opuruHanbpHOTO OTCTOMHMKA, E -THI
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Pucynok 3. RTD opurnnansHOTro oTCTOMHMKA, F —THIT

[Ipoananu3upoBaB 3TH JBE KPHUBBIE, MBI MOXXEM CJE€JaTb BBIBOJ YTO OHU COBIAAAIOT,
KaKJash M3 HUX KMeeT JBa MNuKa. YTO yKa3plBaeT Ha MOTEHLUHUAIbHBIE OIEpalMOHHBIC
npobiembl B orcroitHuke. Ha mepBoii kpuBoii (E —THir), MBI MOXeM HaOIIOAaTh TEPBHIA
MaJICHbKHM, OCTPBIH NHK KOTOPBIM COOTBETCTBYET MalloMy OOBEMY WU3-32 KOPOTKHX
3aMbIKaHUH B TIOTOKE, M CHJIBHOTO MOBEPXHOCTHOTO HATSKEHUSI. MBI MOXKEM CJIeNiaTh BBIBOJL
4TO t1 BBICOKOE — 3TO BpeMs 3a kotopoe 10 % BXoasiel KOHIEHTpauuu OblJI0 3aMEeYeHO Ha
BBIXO/JIEe U3 oTcToMHUKA. Kak BugHO 13 Durypsl 2, mepBblii MUK HAXOAUTCA B Auamna3zoHe oT ()
1o okotio 500 ¢ mocie BBosia Tpaccepa. Bropoil muk nosisnsiercs B npenenax okoio 1500 ¢, u
MOXET ObITh 0O0BSICHEH pe-nupKymsanued motoka. llozke, RTD kpuBasg mnokxa3biBaet
YMEHBILIEHUE B KBa3uW — SKCIIOHEHLMAJIBLHOM BHUJE MOJ BIMSAHUEM CHUJIBHOIO IMJIOTHOCTHOI'O
HanpsDKEHUs OKoJIo 1Ha. B cooTBercTBHU ¢ durypoii 3, 6onee yem 15 % tpaccepa gomuio 10
BBIX0/1a B TEYEHUH IIEPBOT0 MIEPHO/Ia, YTO YKa3bIBAET HA KOPOTKOE BPEMsl yACpKAHMUS.

3.2 RTD cumyasinusi Ha OCHOBA 3aB0/Ia M0 OYMCTKE CTOYHBIX BOA B I'. DrebakWWTP
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Pucynok 4. RTD rpaduk Ha 0OCHOBE peabHOTO OTCTOHHHKA Ha 0a3e 3aB0jia 10 OYMCTKE CTOYHBIX BOJA B I'. Drobak

ITocne CPaBHUTCIIBHOI'O aHajin3a STHUX [IBYX KPUBBIX (MO,Z[GJ'II/IPOB&HI/IH n pcajibHOro
Tpaccépa TecTa), Mbl MOKEM C YBEPEHHOCTHIO CKa3aTh, YTO OHU MMEIOT TIOXOXKE QopMy, U
00€e UMEIOT JBa II1Ka. Yro sBHO YKa3bIBacT HA TO YTO, KOMIIBIOTEPHOC CUMYJIMPOBAHHUC HA Oaze
CFD nporpammHOro o0ecnedeHust MOKeT ObITh UCTIONBh30BaH KaK allbTepPHATUBA PEabHBIM
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SKCIEPUMEHTAM JUIsl JajbHEeUIINX u3ydeHudd. [locMOTpeB Ha 3TH KpHUBBIE, Mbl MOXEM
3aMeTuTh (peHomeH 2-x mukoB. KakoBa mpuumHa? DTO MOXKeT OBITh U3-32 KOPOTKHUX
3aMBIKaHUN TIOTOKA B OTCTOMHHKE, MajJoOr0 BPEMEHH yAEpXaHUs MOTOKA WM IPOCTO HE
JIOCTaTOYHO MPABWJIBHOTO JU3aiiHA OTCTOMHHKA.

3.3 Pe3yabTaThl MHOTO()A3HOTO CUMYJIMPOBAHUSA PeaJIbHOI0 OTCTOMHUKA
3.3.1Pe3yabTathl MHOTO-(papHOT0 CHMYJHPOBAHMA HA OCHOBE PeaJbHOr0
OTCTOMHMKA

Ha PucyHnke 5 npexncraBieHa reoMeTpuyecKkasi MOJEIb CYLIECTBYIOIEr0 OTCTONHUKA JJIs
CFD cumynupoBanusi, Kotopasi Obljla IOCTPOEHA C TOMOIIBIO IPOTPAMMHOT0 oOecrieyeHus
GAMBIT. Bce reomerpudeckne pasmMepsl ObUTH COXPAaHEHBI, H IMOJHOCTBIO COOTBETCTBYIOT
pearbHOMY OTCTOMHHMKY Ha 3aBOZAE IO OYMCTKE CTOYHBIX BOoa B T. Drebak. Anroputm
MHOT0(a3HOTO CUMYJIMPOBAHUS MpeacTaBieH B [Ipunoxenun 4.

a

Ha pucynkax (b) - (g) mpencraBieHa dBOJIONUS paclpeiesieHus 00beMHON 101
ocajka no AHy oTrcroiHuka mnocie 100 c, 200c, 500c, 1000c, 2000c na mmockoctu XY. s
MOCTPOCHUs TpaduKa pacrpeneseHust 0CaKa 1o JHY OTCTOHHHKA OblIa NCTIONb30BaHa JTMHHUS
pactipeneneHusi, U pe3yabTaThl mpejacTaBieHbl Ha Tpaduke (I) B amanmazone or BXxona
(HauvanbHast mo3uuus -16M) Kk BeIxoay (koneuHas mozuuust 16 m) mocne 2000 c.
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Ha pucynkax 5 f — g MBI MOXeM yBUIE€Th, YTO BCE YACTHIIBI OCENIM U OBUTH pacipeaeIeHbl
0 THY OTCTOMHUKA, HO OOJIbINAS YaCTh YaCTHII OblJIa CIBUHYTA B CTOPOHY BBIXOHOTO TIOTOKA,
M 3TO OTMACHO TE€M YTO YacTh YaCTUIl MOKET ITONACTh B IOTOK C OUYMIICHHOHN BOJAOW M BBIUTH U3
OTCTOMHHMKA, YTO BUAHO U3 rpaduka (i). ITOT eHOMEH MOKET OBITh CBS3aH C TEM, YTO M3-3a
MaJbIX MEPETOPOIOK, BXOASIIMN MOTOK PACHPBICKUBAETCS 10 CTEHAM OTCTOMHHKA — 00X0s
LEHTPAJIbHYI0 4YacTb, U TEM CaMbIM CO371aBas «MepTBble 30HbD. CKOpPOCTh IMOTOKA HE
CHMKaeTcs, U Oosiee Toro Ha pucyHke 5.h — rpaduk pacnpeneneHust BEKTOPHOM CKOPOCTH,
yKa3bplBa€T Ha HAJM4Msl BO3BPALIAIOIIEr0 IOTOKA, TakKUM 0Opa3oM o0pa3ys BOPOHKHU H
UPKYJIALUOHHBINA TTOTOK.

180601
160601

140801 .

L meon S onete
.

100601 R

sooec

sz ”

400602 —

Position (m)

I h

Pucynok 5. Pacnipesnenenue noroka 1o opuruHalbHOMY OTCTOHHHKY. (b) — (g) pacnpeneneHue 00bEMHON 101U
ocajika Ha y-z KoopauHare; (i) rpadguk pacnpeaeneHus ocaaka no any; (h) — BekropHas ckopocts

3.3.2 Pe3yabTaThl MHOT0(a3HOI0 CUMYJIMPOBAHUS MOAEPHU3HPOBAHHOT O
OTCTOIHUKA ¢ 2 M pacuIMpPeHHOIi MeperopoaKoii U 0cagKa - NPUEMHHUKOM
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Pucynok 6 (a)—(e). Pacnpenenenre o0bEMHOIT 1011 Oca/ika CO BpeMEHEM B MOJIEPHU3UPOBAHHOMY OTCTOMHUKE
¢ 2 M eperopoaKon

AHaIM3 JINTEPATypPhI MOKA3aJl, YTO [IUPKYJISIIMOHHON PETHOHBI H BBICOKYIO TYpOYJIEHTHYIO
AKTUBHOCTH B OTCTOMHHMKE MOYHO CHU3UTH C MTOMOIIbIO BHEJPEHUS MPABUIIBHOTO KOJIMYESCTBA
neperopo 1ok ¢ npapmibHOU Gopmoii (Krebs et al. 1995). Goal et.al. (2008) oOHapyx umH, 94TO
HaJIMYME PACHIMPEHHOW IMEPEeropojiKH OOeCreunBaeT Jydlliee MepeMelIMBaHue y BXoJa, U
pasrpaHUYMBaHUE MEX]y BXOJOM M BBIXOJIOM M3 OTCTOMHHKA YeM MalleHbKHUE MEePETOPOIKH.
CrnefoBaTeNnbHO, 3HAUMUTENBHO YIy4lllas MPOIECC OCEeIaHus.

Hamu Obu10 cMmozienupoBaHa MOJAEPHU3MPOBAHHAS MOJIENbh OTCTOWHUKA C HECKOJIbKUMU
W3MCHEHUSIMH B T'PAHUYHBIX YCJIOBHSX W JM3alH OTCTOMHHMKA TaKKe ObLT W3MEHEH. JTOT
OTCTOMHHMK HWMEET PAaCHIMPEHHYI0, HM30THYTYIO MEpPEeropojiky, KOTopasi pacloyiokKeHa Ha
paccTostHAM 2 M OT BXOJI, M TaKKe OcajKa MPUEMHHUK ObLT BHenpeH. CKOpOCTh BXOJSINETrO
MOTOKA ONpEJICJICHHA KaK TpaHWUYHAs BeJIMYWMHA W paBHa 0,8 m/s, U CKOPOCTh BXOJSIIUX
gactull paBHa 0.8 m/s.

Ha pucynkax 6 (a) — (d) npeacraBieHo pacrpeesieHrne 00bEMHOM IO 0caKa B TCUCHHE
BpeMeHH. PrcyHOK 6 (€) moka3biBaeT MHTCHCUBHOCTh PACIIPEICIICHHS KHHETUIECKOM SJHEPTUH.
Kak mMbl MOkeM BUETh, OOJbINAs YacTh OCajika Ocelia B OcaJlka MPUEMHHKE, HO OCTallbHas
YyacTh OblIa CABUHYTA K BBIXOJY M3 OTCTOWHHKA 00XoaamuM NoTokoMm (Pdur.6 f), koTopsiii
o0Opa3oBayics M3-32 MaJIOTO PACCTOSHUS M HOBOOOPA30BAaBIIECHCS 30HOH CKOPOCTH MEXKIY
neperoposikoii 1 BxojgoMm. Kak mbl Moxem Buueth w3 RTD rpaduka, mepBwiii MUK ObLI
YMEHBIIIEM YTO yKa3bIBA€T Ha TO YTO IMOTOK CTall Ooyiee ONMKE K «IIOTOKA HICATbLHOTO
BBITECHEHI» - KOTOPBIU SIBJISIETCS 00S3aTEILHBIM YCIIOBUSIM HJICATTHOTO TTIOTOKA BBITECHEHUSI.
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Uro Obl n30exkaTh 0OXOJSANINI MOTOK BOKPYT MEPETOPOAKH, OBIIIO MPEIOKEHO OTOJIBUHYTh
MIEPETOPOJIKY Ha paccTosiHUE 4 M, pe3yJIbTaThl IPEJICTaBICHbI Ha (hurype 7 (a —¢).

e
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|
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o 5 0 15 2 2 Y ]
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Pucynok 7 (a) — (e). moka3plBaeT, 4yTo 4 M MEPEropojaka yMEHBIIAeT KHUHETHUYECKYIO
TypOyJIEHTHYIO SHEPTulo, U 00xosmuil notok. Ha rpaduke pacnpeaenenus o0bEMHOMN 101
ocajika yKa3bIBaeT Ha TO 4To 60 % ocajika 0celu 10 AHY, YTO YKa3bIBaeT Ha SIBHbIE YIy4ILIEHUs
npoliecca OCeIaHHus.

3.3.3 Pe3yabTaThl MHOTO()A3HOT0 CUMYJIMPOBAHHUS MOJAEPHU3UPOBAHHOTO
OTCTOIHNKA ¢ HAKJIOHEHHBIM THOM 12.5 © U pacuiupeHHoi meperopoakoi.
Jlyist Toro 4TO OBl HANIPABUTH MOTOK KUJIKOCTH 3HAYUTEIILHO TIy0Ke BHYTPh OTCTOWHUKA, &
TaK)K€ YMEHBIIINTh HHTEHCUBHOCTh TYPOYJICHTHOW KMHETUYECKON SHEPTHH, MBI TIPEIIOKIIN
TaKyH MOJICPHU3HPOBAHHYIO (DOPMY OTCTOMHHKA KaK.
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Pucynok 8. Pe3ynbraThl CHMYyJMpPOBAaHUS Mpolleca OTCTAUBAHHMA B MOJCPHU3HMPOBAHHOM OTCTONHHUKE.
Paccnipenenenne oO0beMHO# nomu ocanka co BpemeHem (b) 100 s, (c) 800 s, (d) 1500 s., (e) — rpadpux
paccrpenenenus 00becHOMN 101U ocajka 1o AHy orctoiiHuka. (f) - RTD kpusasi.

Pucynok 8 (a) — (c) moka3bIBaeT SBOJIONUIO PACTIPEEICHUS IJIOTHOCTh IIOTOKA B
OTCTOMHMKE. Pe3ynbTaThl MOKa3bIBAIOT, YTO pacUIMpeHHas W YJUIMHEHHAS MEPeropojka
HaANpaBJsieT TOTOK OBbICTpee B HANpaBICHWW HWKHEW yacTH Oaka M yMEHBIIAET 30HY
peunpkysiuuun Ha Bxoje. I'pagpux RTD mnokaseiBaeT pe3ysbTaTbl KOTOpbIe Oojiee BCEro
MOXO0KHM Ha TpaduK MOTOKA "UIeanbHOro BeITeCHEHU " . Pe3ynbTaThl BIUSHUS pacIIMPEHHON
HEeperopoIku rnokazaHo Ha ¢urype 8.d, u Mbl MOXkKeM BUETh, 4T0 90% ocajka HaXOAUTCS B
ocajika pHEeMHUKE.

BriBoaBI

Jlannast HaydHasi pabora ObUIa CBSI3aHHA C Pa3BUTHEM M W3YYCHHEM BBBIYHCIMTEILHOU
rugponuHamuki (CFD) kak HOBOro MHCTPYMEHTA JIJIsl ONITUMHU3AIIUH TPOIIecca BOJOOUYNUCTKH.
AHau3 CyIIecTBYIOIIEro OTCTOMHHUKA yKa3al Ha HAJIMUYUE psjia ONepariMoOHHBIX MPO0JIeM BO
BTOPUYHOM OTCTOMHHKE MO OYHUCTKE CTOYHBIX BOJ, TAKUX KAK KOPOTKOE BpeMs yAEep>KaHUs
[IOTOKA, «MEPTBBIE 30HB», KOPOTKHE 3aMbIKAHUS [OTOKA, CHJIBHOE IOBEPXHOCTHOE
HATSDKEHUs, II0JBOJHOE HATsDKEHUs M B o0meM 1ioxoi ausad. [locie amanmsa
CYIIECTBYIOIIETO OTCTOMHIKA, OBIIIO TIPEITI0KEHO HECKOIBKO MOJEPHU3NPOBAHHBIX MOJIETIEH,
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MBI MOKEM CJlellaTh BBIBOA YTO HAJIWYHME TMEPErOpoAKH 3HAYUTEIHHO YBEIHMYMBACT
0CaJIUTEJIbHYIO0 MPOU3BOAUTENBHOCTh. CHMYJNIHMpPOBaHME IOKa3bIBAET, YTO NEPErOpPOJKH Ha
pacctossHUM 2 M W 4 M CHIDKAIOT KHHETHYECKYIO TYpOYJIEHTHYIO OSHEpPIHIO, 30HBI
peuUpKyISIUM 1 00X0AHON NoToK. Hanuune nmeperopoaku, K coXXajleHUI0, MOXKET CABUIaTh
0CaJIOK K BBIXO/y U3 OTCTOMHHKA, HO 3Ta MPodJieMa PelaeTcsi HATMYUeM 0caJlka IPUEMHHKA,
KOTOpBIE OBbIIIM MPEACTAaBIEHBI B IPYTUX MOACPHUZUPOBAHHBIX Mozemsix. [locne onenku Becex
JOCTOMHCTB UM HEAOCTATKOB, ObUIa MPEICTAaBICHA MOJECPHU3UPOBAHHAS MOJEIb, C
HaKJIOHEHHBIM JTHOM 12.5 = W pacmupeHHOW mneperopojkoi. PacmmpeHnHas neperoponka
HalpaBJIieT BECh OCaZOK Cpa3y B OCAJ0K IPUEMHMK, U YMEHBIIAET 30HBl PELUPKYJIALUU.
I'paduk RTD nokaswiBaeT camble OIU3KHE PE3YIbTATHI K TPa(UKy «H1€aTbHOTO BHITECHCHHS.
Pacnpenenenus o0beMHOI J0IM OcajKa B ocajika MpUeMHUKe yBearyeH 10 90 %.

B 3axiroueHusi, MbI MOXKEM C YBEPEHHOCTBIO cka3aTh, 4To CFD mokeT ObITh MOITHBIM
MHCTPYMEHTOM JUIsI MOJETHPOBAHUS MPOIIECcCa OCAKICHHUS W BOOOIIE Ui APYTUX METOJOB
ounctku Bojel. CFD nmaer HaMm riy0oOkoe MOHMMaHHWE O BHYTPEHHHX THIPOIMHAMHYECKUX
mporeccax, mnoMoraer HaMm u30exkarh dddekra "depHOro AMMKA", YTOMHUTEIHHBIX,
TPYJOEMKHX U A0porux skcrepumeHToB. CFD naeT HOBbIE HJleH, HOBBIE BO3MOXHOCTH YTO ObI
OTKPBITH HOBBIE ITyTH U CIIOCOOBI OYMCTKH BOJIBI.
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Mexanu3sM okucjeHusi HoHOB :keje3a (II) kuciaopoaom Bo3ayxa B HNPHCYTCTBHM
AUOKCH/IA cepbl

P.B. Cmotpaes!, E.A. Manuauna?

! FOCyHapCTBCHHOG BBICIICC y'-IC6HOC 3aBCIACHUC ((praPIHCKPIfI FOCyIIapCTBeHHBIﬁ XUMHKO-TEXHOJIOTUIECKUMN

YHHUBEpCHUTET», T. JIHenponeTpoBck, YkpanHa, smotr00@rambler.ru
2 3anoposkcKas rocy1apCTBEHHAs MHMKEHEepHas akaeMusi, T. 3anopokbe, YKpauna,manidinae@rambler.ru

AHHOTAIUA

HccnenoBan nporece okucieHus: nonos sxenesa (II) xucaopomoM Bo3ayxa B MPHUCYTCTBUU
JMOKCHU/Ia CEpbl B BOJHOM PAaCcTBOpE. Y CTAHOBJIEHO BJIMSHUE KOHLEHTpAlMU peareHToB u pH
CpeJibl Ha TEPMOJIMHAMUKY ¥ KUHETUKY MPOIIECCOB, MpoTeKaonumx B cucreme Fe? -Fe*-H20-
SO2-O2. YcTaHoBIEHO, YTO MPOLIECC OKHCICHHS AHMOKcHAa cepbl M noHOB xene3a (1)
HPOMCXOANT C OOJBIION CTENEHBIO MPEBPAIIECHUS U BEICOKOW CKOPOCTHIO HE B PEaKLIMOHHOM
o0bemMe, a Ha TMOBEPXHOCTH OCaJKOB Tujapokcuna u cyibpura xeneza (II). [Ipemioxen
MEXaHM3M TIPOLECCa OKUCIIEHUS AMOKCHaa cepbl 1 MoHOB xenesa (1) B cucreme Fe?'-Fed'-
H20-S02-02, BriIrouatommii 00pa3oBaHne PeakTUBHBIX (HOPM KHCIOPoaa (aKTUBUPOBAHHOTO
cynbdura xenesa (II) u aromapHOTO KHCITOpOI).

Abstract

The process of iron (II) ions oxidation by atmospheric oxygen in the presence of sulphur
dioxide in water solution have been studied. The influence of the reactants concentrations and
pH into thermodynamics and kinetics of the processes taking place in the system
Fe**-Fe’"-H20-S02-02 have been established. It was found that the process of sulphur
dioxide and iron (II) ions oxidation occurs with a high degree of conversion not in the
reaction chamber, but on the surfaces of iron (II) hydroxide and sulphite precipitates.
Suggested the mechanism of sulphur dioxide and iron (II) ions oxidation process, containing
the formation of reactive oxygen (activated iron (II) sulphite and atomic oxygen).

KuoueBwble ciioBa: nonsl xenesa (1), nonst xxenesa (I11), nuokcns cepbl, OKHCIEHHE, KUCIOPO/,
Cynb(hUT Kene3a

BBenenne

Bomnpockl okucienns nonos sxene3a(ll) B BOAHBIX pacTBOpax SIBJISIFOTCS aKTyaJbHBIMH B
npoiieccax BOJAOOYMCTKU, OYUCTKH MPOMBIIUICHHBIX Ta30B, JIEKTPOJIUTHISCKOTO OCAKICHUS
Kelesa, THAPOMETAITYPTHYeCKUX Tpoleccax W T.J4. bpyTro peakiust mporiecca OKHCICHHS
nonoB xene3a(ll) B mogkucieHHol Bojie uMeet By (OMMaHyaJIb U ap., 1984):

4Fe*+0x(g)+4H =4Fe3+2H,0.

[IpoTexanue paHHOTO TMpoIecca MNPAMBIM IyTEM SBJISETCS MAaJIOBEPOSTHBIM, T.K.
HEOOXOJMMO OJTHOBPEMEHHOE COYAapeHHUe JEBATH YACTHI], BOCEMb W3 KOTOPBIX HMEIOT
MOJIOKUTENbHBIN  3apsi. [loaToMy MNpenoKeHbl pa3Hble MEXAHU3MbI, OIMCHIBAIOLIUE
MHOTOCTaJIUIHOE MMPOTEKAHNE 3TOTO Ipolecca.

B pabore (Ommanyanb u ap., 1984) mpuBeneHa MHOTOCTaAMifHAas cXema MPOTEKaHUs
npolecca uepe3 oOpa3zoBaHHE PAAMKAIOB KHUCIOpoAa (CYNMEpOKCH, T'MAPONEPOKCUIIbHBIN
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paavkai, TepeKuch BoJaOpoaa). JIMMUTHpYIOLeH cragueil mporiecca SBISETCS PEAKITHS
okuciienns noHoB jxene3a (II) pacTBOPEHHBIM KUCIOPOJOM ¢ 00pa3oBaHUEM HOHOB XKelie3a

(III) n 0'2_ . IIpn cnokeHnn BcexX cTaauii Mpolecca NoaydaeTcs MOJTHOE CTEXUOMETPUIECKOE
ypaBHEHHE, ONMCHIBAIOIINECS BHIILICTIPUBEACHHON OPYTTO peaKIUeH.

B paborax (benononbckuii u np.,1948; 'ettkun u ap., 1956) O6buI0 ycTaHOBIECHO, YTO B
HPUCYTCTBUM CBOOOIHON CEpHOM KUCIIOTHI OKHCIIEHUEe HOHOB xkene3a (I1) sBusercs peakiueit
BTOPOT'O MOPSIIKA MO0 OTHOIIEHHIO K KeJle3y, IPU 3TOM IOBBIIIEHUE KOHLEHTPAIUU CEPHOU
KHCJIOTHI B PAaCTBOPE MPUBOJIUT K PE3KOMY CHIKEHHIO CKOPOCTH OKHCIJICHUS, a TIOBBIIICHHE
TEMIIepaTypbl NPUBOIUT K PE3KOMY pOCTYy CKOPOCTH OKHCIEHHs. bpyTro peakums mist
oKHcIeHns noHOB skene3a (II) B mprcyTcTBUU CEpHOI KMCIOTHI, IO MHEHHIO aBTOPOB PaOOTHI
(Feuxws u 1p., 1956), MokeT OBITH IPE/ICTaBIIEHA B MOHHOM BBIPAyKEHUH:

2Fe*+1/202(g)+2H =2Fe*+H20,

VYcranosneno (I'emkun u ap., 1956), uro okucienne monHoB >xerne3a (II) xkuciaopomom
BO3/lyXa B BOJIC IPOTEKAET MPU OJHOBpPEMEHHOM yMeHbllleHnu pH pactBopa. D10 siBisiercs
CJIEICTBUEM COBMECTHOI'O IPOTEKAHHSA PEAKLHMH OKHUCIEHMs U THIPOJIU3a OKHCIEHHBIX
coenuHeHuil xkene3a npu pH or 3 no 7 enqunnn. HezaBucuMo oT HavasbHOTO 3HadueHHs pH,
KOHEYHOE €ro 3HauYeHHE YCTAaHABJIMBAJIOCH B mpenaenax 2.8-3 u mpu naabHEHIIed MmpoyBKe
KHUCJIOPOJIOM BO3JlyXa HE M3MEHsulach, IPU 3TOM OKMcIeHHe xkene3a npu pH Hmwke 3
NpakTUYeCKH He HAET. ABTOpPHI pabOThI MpeanojararoT, YTO B YCJIOBHSX 3KCIIEPUMEHTa
pacTBOPEHHBIN KUCIOPO aicOpOUpyeTCst Ha MOBEPXHOCTH OCAAKOB THIpokcuaa xemnesa (111)
u aktuBupyercs. [mnpokcua skeme3a (III) BwicTymaer cBoeoOpa3HBIM KaTalaM3aTOPOM
mpouecca OKHUCICHMs, a CyMMapHasi peakluus OKHCICHUS CXEMaTHYHO BbIpa)aeTcs
ypaBHEHUEM:

Fe?+O  +2H>0=Fe(OH):+ H'.
azc

Ota peakuus SBISETCS MOHOMOJICKYJIIPHOM IO OTHOLICHHIO K JKelie3y. YCTaHOBJICH
TEMIEPATYPHBIN KOAPPUIIUEHT CKOPOCTH peakiuu, KoTopblii paBeH 2,08 ([enkuu u jp.,
1956), 4TO TOBOPUT O KUHETUYECKOM XapaKTepe MPOTEKaHue Mmporiecca.

B psane pador (Claudia R. Martins et al., 1999; Muzadi and Kotze, 2013; Upton and
Adams, 1982) paccMoTpeHO NpUMEHEHHE JMOKCHAA Cephl JJIsl yCKOpPEHHs Tpolecca
okucineHus uoHoB kene3a (II) B BOAHBIX pacTBOpax KHCIOPOJOM BO3ayXa. ABTOPHI
YCTaHOBMJIM, YTO CKOPOCTh NEPEHOCa KUCIOpOoJa B KHUIKOHW (aze OorpaHUYMBAET CKOPOCTb
oxucienus noHos xkene3a (II). Ycranosneno, uto Ha nporuecc okucienus noHos (II) Biustor
Takue (axTopbl, Kak pH, Temmeparypa, KOHIEHTpauus JUOKCHAA CEPbl B Ta30BOW CMECH H
KOHIIEHTpAIlMi pacTBOpéHHOrO kuciaopoxa B pactBope (Upton and Adams, 1982).
OnTuMmanbHasi KOHIEHTPANXs JHOKCHIA CEPBl B Ta30BOM CMECH ISl HCCIIEIYEMBIX YCIOBHIMA
cocraBmiia mpumepHo 2 % 06. (Muzadi and Kotze, 2013).

B pa6orax (Muzadi and Kotze, 2013; Van Rooyen et al., 2007) npeanioxxeH paiuKanbHbINA
MEXaHU3M KaTaIMTUYEeCKOTrO JICHCTBUS MOHOB KeJie3a Ha MPOLIECC OKUCICHUs PACTBOPEHHOTO
JTMOKCH/Ia Cephl KUCIOpOoaoM. BHaganme mpoucxomuT MeaieHHoe (OPMHpPOBAHUE CyTb(pUTA
JKeJe3a M pasIoKeHne Ha CyNb()UTHBIN paauKal, KOTOPIA OBICTPO pearupyer ¢ KACIOPOIOM
c oOpa3oBaHMEM IEPOKCOMOHOCYIb(ara paauKana, SBISIOMIETOCS OKHCIUTEIEM HOHOB
xenesa(ll):

Fe’™ +so'5— LH —Fe’+ +Hs05‘,
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2HSO” =2S0% 7 +2HY +0 .
5 4 2

OTMe4yeHo, 4YTO HEIMOJNHOE OKHUCIeHue kene3a HoHOB xkene3a (II) oObacHsercs
MPOTEKaHUEM O0PaTHOM PeaKUy 3a CUET OKUCICHUS TMOKCUAA CEPBI.

Konrom u ap. (Zhang W. et al., 2000) cmenaHo mnpenmnonoxeHue 00 oOpa3zoBaHUU
aKTUBHUPOBaHHOTO KoMILiekca FeSOS5 B pesynbrare peakiimu Mexay cyiabhutom xemnesa (II)
U MOJICKYJIOW KHCJIOPOJa, KOTOPBIN SIBJISIETCS OTBETCTBEHHBIM 3a okucienue xeiesa (II) u
JTMOKCHU/Ia Cephbl B COOTBETCTBHUHU C peaKIfen

Fe?*+FeSOs+2H"—2Fe**+S04* +H:0.
Vimu BbICKa3aHO Takke MPEANONI0KEHHE O TOM, YTO CMEIIAHHbIN JKesle30-CyJb(UTHBIH

xkommiekc Fe(IIl)-S(IV)-Fe(Il) siBisieTcst mpOMEKyTOUYHBIM COEIMHEHUEM IpPU OKUCICHUU
xenesa (I1) cmecero SO2/02.

Lenbto nanHOM paOOTHI SIBISETCS ONpe/eieHUE BIUSHIS KOHIEHTpaluu pearentos u pH
cpelbl Ha Tmpolecc OKucieHus HoHOB >kene3a (II) B mpucyTcTBMM JHOKCHIA Cepbl,
000CHOBaHME MeXaHU3Ma OKucJeHuss HMOHOB skene3a (II) muokcumom cepbl B BOAHBIX
pacTBopax.

MeToauKH HcCIeI0BAHUSA

B KkauecTBe MCXOAHBIX PEAreHTOB HCIIOJIB30BAIN AIIEKTPOXUMHUYECKH 00paboTaHHbIE
pacTBopsI XJiopuaa HaTpusi; pactBopsl xjopuaa xenesa (I1) u (I1I); razoBo3mymHas cmech ¢
JMOKCUIOM CEpbl. DIEKTPOXMMHUYECKH 00pabOTaHHbIE PAcTBOPHI XJIOPUAA HATPHUS (MapKH
X.4.) monydanu B Oe3auad)parMEHHOM DIIEKTPONIM3EPE C IKEIE3HBIMH AIIEKTPOAAMHU TIPH
CJIEAYIOUIMX YCIOBMSAX: HampspkeHue Ha avektpoaax (12+24) B, cuma Ttoka (0.5+2,5) A,
ucxoaHass KoHueHTpauus xiopuna Hatpus 0.01+0.1 1/n. Jluokcma cepsl modyyaiu
pasjoxeHueM cyiab(ura HaTpus (Mapku X.4.) KOHUEHTPUPOBAHHOM CEPHOW KHUCIOTOM
(mapku x.4.). Konnentpamusi nuokcuupa cepbl B razoBosnymHoi cmecu 0.47-4.01 r/m3.
pH=3,1-7.85 perynupoBanu m00aBIEHUEM COJITHON KHCIOTHI (Mapka X.4.) W THAPOKCHIA
HaTpust (Mapka X.4.). PacTBOpbI XJI0pHUIOB JKelle3a Nodydaiau MyTéM 100aBiIeHUs! XJIOPUIOB
xkenesa (II) u (III) (mMapku x.4.) B AuCTWLIMpOBaHHYI Boay. CymMMmapHas HadaibHas
koH1eHTpanus nonos xenesza (II) u (II) B pactBope 18-80 mr/in. Bee ncxoHble peareHThI
6bun mpuoOpetensl B OAO «Pearenty ([lHenmponeTpoBeck, YKpanna).

KonuenTpamuio xene3a B pacTBOpe ONpeaessid (OTOKOJOPUMETPUUECKUM METOJOM C
cyabpocanuuioBol kucnoTtodl. KoHLeHTpauuio Iuokcuia cepbl B Ia30BOM CMeCH U B
pacTBopax OmpeAensuid TypOOIMMETPHYECKUM METOJIOM C TJIMKOJIEBBIM peareHToM. Jlims
aHaJIM3a UCIONIb30BalH deKkTpodoTokonopumerp KOK-02.

Oxucnenne nonoB xene3a (II) m guokcuma cepbl MPOBOJMIM B acmuparope Npu
OapOoTa’ke Ira30BO3IYIIHONW CMECH 4epe3 PacTBOPHI, COJEpIKallue HOHBI keineza. Pacxon
ra3oBo3AyIIHOW cmecu 1 J1/MuH, TemmepaTypa Tra30BO3IYyLIHOM CMECH U pacTBOpa B
acrniupatope 22 °C.

Pe3y.]1]>TaTbI HCCJIeA0OBAHUA U UX oﬁcymuelme

Bo3MmoskHbIE OCHOBHBIE peakuuu (6e3 yuera oOpa3oBaHUs MPOMEXKYTOUHBIX MEPEKUCHBIX
COEJIMHEHUH, aTOMapHOro KHCIOPOAAa U aACOPOILMOHHBIX KOMIUIEKCOB), MPOTEKAIOIINE B
cucreme Fe?*-Fe¥*-H20-S02-02, u ux koHcTauThl paBHoBecus npu 20 oC npeacTaBieHbl B
Tabm.1.

[IpuBeaeHHbIc B TaOaMIE | PeaKIMK YCIOBHO MOYKHO Pa3JICIUTh HA KUCIOTHO-OCHOBHBIC
(1-10) 1 oxucauTeNBHO-BOCCTaHOBUTENBHBIC (11-30).
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Ta6auua 1 OcHoBuble peakiuu B cucteme Fe?’-Fe3'-H,0-SO»-O» M UX KOHCTaHTHl PaBHOBECHS IPH
temnepatype 20 °C

Peaxuun
H20O=H"+OH"
SO2(g)+H20=2H"+S03*~
SO2(g)+H20=H"+HSO3~
HSO3; =SO3*+H"
SO2(g)+OH =H"+S03*"
SO2(g)+OH =HSO3~
Fe(OH)2+H+HSO3 =Fe?*+S03> +2H20
Fe(OH)2+S02(g)=Fe?*+S03> +H20
Fe(OH)3+1,5H™+1,5HSO3 =Fe*+1,5S03> +3H20
Fe(OH)3+1,580x(g)=Fe?*+1,55032 +1,5H20
SO2(g)+0,502(2)=SOs(g)
SOx(g)+H20+0,502(g)=2H +S04>
SO2(g)+0,502(g)+OH =SO04* +H"
HSO3+0,502(g)=H"+S04>"
S0327+0,502(g)=S04*"
2Fe*+1/202(g)+H *=2Fe**+OH~
2Fe(OH)2+1/202(g)+H20=2F¢(OH)3
2Fe?"+1/202(g)+H20=2Fe*™+20H"
2Fe?+1/202(g)+2H"=2Fe**+H>0
2Fe?*+02(g)+S02(g)=2Fe*+S04*~
2Fe?*+02(g)+H+HSO3 =2Fe**+S04*>+H20
2Fe?*+0x(g)+HSO3 =2Fe* +S042+OH"
2Fe3"+S02(g)+2H20=2Fe* " +4H"+S04>"
2Fe3"+S02(g)+20H =2Fe* +2H"+S04>"
2Fe*+HSO3 +H20=2Fe?*+3H"+S04*
2Fe*"+S03* +H20=2Fe*+S04*+H"
2Fe(OH)3+S032 =2Fe(OH)2+S04* +H20
2Fe(OH)3+HSO3 =2Fe(OH)2+S04> +H0+H*
2Fe(OH)3+S02(g)=2Fe(OH)2+S04> +2H"
2Fe(OH)3+S0x(g)+20H =2Fe(OH )2+S042 +H20
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1g(K,™)
-14.160
-8.726
-1.556
-7.170
5.434
12.603
6.130
4.574
-7.103
-9.438
12.721
37.265
51.425
38.821
45.991
0.969
17.698
-6.111
8.049
26.682
27.460
20.380
10.584
24.744
11.362
14.947
5.298
1.713
0.935
15.095



PaBHOBecue peakiuii AvccolManuu BoJbI U THIApOCyIbuT-uoHoB (1 u 4) m peakuuii
JIMOKCHJIa cepbl ¢ Bojor wiu ruapokcuaom xenesa (1) (2, 3, 9, 10) cMemieHo B CTOpoHY
MCXOAHBIX MPOIYKTOB. YBenuueHue pH pacTBopoB mpuBeneT K eiie OOJbIIeMy CMEIEHHUIO
paBHOBECHS B CTOPOHY HMCXOJHBIX MPOJYKTOB B PEAKLUMAX PACTBOPEHUS JTUOKCHIA CEPBl U
JUCCOLMAU THapocyibdur-uona (2-4). BBeneHue B PEaKIHOHHYIO CPELy THIPOKCHI-
noHOB W ruapokcuna xkene3a (II) (peakmmm 5-8) MPUBOIUT K CMEIIEHUIO PAaBHOBECHS B
CTOpPOHY 00pa30BaHus CyJIb()UT-UOHOB.

[IpakTHuecku Bce OKMCIUTEIbHO-BOCCTAHOBUTENBHBIE peakunu (Kpome peakuuii 16, 18 u
29) mpoTekalT C JOCTaTOYHO BBICOKMMH KOHCTAaHTaAMH DPAaBHOBECHUS, CJIEI0BATENBHO,
paBHOBECHE CABUHYTO B CTOPOHY 00pa30BaHUs MIPOJYKTOB PEAKIIIH.

OxucieHnIo JUOKCHIA cepbl M BOCCTaHOBIEHHIO HOHOB xkene3a (III) cmocoGerByer
HaJu4ue TUAPOKCO-MoHOB (yBenuueHue pH) u, HaoOopot, yBenmuenue pH npuBoaur k
CMEILEHUIO PABHOBECHUS PpEaKLUH OKHUCICHHs HOHOB xkene3a (II) B CTOPOHY HCXOIHBIX
HPOJTyKTOB.

[Ipouecc okucnenust noHoB xene3a(ll) Hambosiee MOTHO TPOTEKAET MPH OKUCICHUU
ruapokcuaa xeneza (II) kuciaopogom (peaknust 17) nu00 B MPUCYTCTBUM JUOKCHIIA CEPBI
(peakumu 20) B HeWTpanbHOU cpene. BBelneHue B peakMOHHYIO Cpely CYIb(QUT-HOHOB
(peakiuu 21-22) no3BONSET CMECTUTh PABHOBECHM PEAKLUU B CTOPOHY INPOIYKTOB U B
KUCIIOW cpele. OTH BBIBOJABl IOATBEPXKIAIOT  Pe3yJbTaTbl pacyeTa CTaHAApTHOU
AIEKTPOBIDKYIIIEH cuiibl (3.71.c.) peakiuit (14, 17, 18, 25, 27) nns pasubix 3HaueHuit pH,
npeJcTaBlIeHHbIe Ha puc.]l. 3HaueHus 3.1.C. peakuuil oKucieHus quokcuaa cepsl (14, 25, 27)
pactyt nipu yBenudenun pH peakinuonnoi cpenbl. Peaknms 17 mportekaeT 6e3 oOpa3zoBaHUs
H+ m6o OH-, mostoMy 3.71.C. peakuuu B 001acTH CcymecTBOBaHMs ruapokcuaa xemnesa (1I)
(pH=6-14) e 3aBucut ot pH peaknmonHot cpensl. [Ipu sTOM 3HaUEHUE 3.7.C. ITOH PEAKIINH
CYILIECTBEHHO BBIIIE 3HAUYEHUU 3.1.C. peaknuuu 18 BO Bcem mpomexyTke pH, dro Taxke
MTOATBEPKIAET paHee CIICTIaHHBIA BBIBO O OOJIBINECH BeposiTHOCTH OKucieHus xkenesa (1) uz
€ro TUIPOKCUTHON (HOPMBI.

D.a.c.,B

pH
—>—14 BH-17 18 —©-25 +27

Pucynox 1 3aBUCHMOCTH CTaHIAPTHOM ANEKTPOABIIKYIIEH CHiTbl peakuunii oT pH cpemst

B peambHBIX YCIOBHSX, KaK Ha TEPMOJMHAMHUKY, TaK W Ha KHHETHKY IPOIECCOB,
nporexkaromux B cucreme Fe?'- Fe*'- H20 - SOz - Oz, OGyayT BIMATH KOHLCHTPALMH

221



(aKTMBHOCTH) peareHTOB, TeMIepaTypa, PacTBOPUMOCTb JUOKCHAA CEpbl M KHUCIOpOAa B
BOJI€, 3HAYMTENBHO 3aBHcsAIIas oT pH cpexbl.

Ha puc. 2 npuBeneHbl 3aBUCHMOCTH KOHIIEHTpanun HoHOB xene3a (1), nonos xenesa (I11)
OT IPOJIOJKUTENILHOCTH oKuciieHus. [Iponecc okucnenus npoBoaAUICs B pacTBOpax
XJIOPHUJIOB | CyJib(haToB xkese3a (odiee comepxanue xeneza 18, 38, 84 mr/i, HauanbHOE
pH=7.85) Bo3myxom, comepxkaimum nmpumecu auokcuaa cepbl (Cuc=0; 1.05; 1.88; 4.01 r/m).

Kax BuaHO U3 mpencTaBiIeHHBIX 3aBUCUMOCTEN (puc.2a) B OTCYTCTBUHM JHOKCHAA CEPHI B
BO31yXe, KOHLEeHTpauusi noHoB xene3a(ll) pe3ko magaer B TeueHne 2 MUHYT M BBIXOJIUT Ha
MOCTOSIHHOE 3HaueHue uepe3 10 MUHYT mocie Hayaia peakuu (CTereHb NpeBpalleHUs
nonos keneza(Il) - o=20 %. Ilpu BBemeHMM B pPEAKUMOHHYIO Cpely IHOKCHAA Cephbl
KoHIeHTparus noHoB xene3a(ll) pesko mamaer B Teyenuwe npubmusutenbHo 10 munyT (I
stan) u ganee B Tedenue eue 10-20 munyT (II aTan) BeixoauT Ha noctosHHoe 3HayeHue (111
stan) vyepe3 30 MUHYT OT Hauyana peakuud. MakcumanbHas CTENeHb MPEBPAILEHUS HOHOB
xene3a(ll) nna paccmaTpuBaeMbix ycinoBuit paBHa 0=55 %. [Ipu 3TOM MOKHO OTMETHTh, 4TO
CKOpOCTh TIpoliecca OKHCIEeHUsT MOHOB keje3a (II) B mpucyTCTBUM JHOKCHAA CEphl BBILIE,
4eM B €ro OTCyTCTBHE. Takoi XxapakTep HW3MEHEHUs KoHIeHTparuu wnoHoB xeie3a(ll)
KOCBEHHO IOJITBEPKIACT CJCNAHHBIA BBIIIE BBIBOA O OOJNBIICH BEPOSTHOCTH OKHCICHHS
nonoB >xene3a(ll) m3 ero rumpokcuaHOM (GOpMBI, T.K mpH HavaneHOW pH pacTBOpOB BCe
JKeJIe30 HaXOAUTCS UCKITIOUUTENRHO B Bue ruapokcunos ([letpos u mp., 1990).

80

70

C(Fe), mr/n
C(Fe), mr/n
w
o

0 10 20 30 40 50 60
T, MUH T, MUH

-1 51 02 o2 3 <3 44 24 &4 B4 5 -5 —&6 206

a) CFe=18 mr/n; 0) Cun.c.=4,01 r/m3;

Cn.c.(r/m3): 1,1' — 0; 2,2" — 1.08; 3,3" — 1.88; 4,4’ — CFe (mr/m): 4,4’ — 18; 5,5 —38; 6,6' — 84
4.01

Pucynok 2 3aBucumocts koHueHtpamuu Fe2+ (1-6) m Fe3+ (1'-6') or BpemMeHHM peakuuu IpH pa3HOH
KOHIIEHTpAINH JUOKCHIA CEPHI B BO3AyXe (a) M MOHOB Keye3a B pacTtBope (0)

Beposito, [ u Il aTans! (puc.2a) onucsiBatoT okucienue ruapokcua sxenesa(ll), bonpias
4acTh KOTOPOTO K KOHITY | aTama pacTBopsiercs u3-3a MoHmwKeHus pH cpepl Wi OKUCIIIeTCs,
a OCTaTKM HOKpBIBalOTCS oOpazoBaBmuMcs rujapokcuaom xkenesa (III), yto oObsacHseT
Hanuuue I aTana, Bo BpeMs KOTOporo, 0ojiee MEUIEHHO PACTBOPSIIOTCS] OCTAaTKHU THAPOKCHIA
xenesa (II), mokpeiteie Tuapokcuaom xkeneza (II1). Kpome Toro, BBelieHHE B peaKIIMOHHYIO
cpelly JUOKCHJA CEPhl MPUBOJUT K 00Pa30BaHUIO MAJIOPacTBOPUMOTO cylbdura xenesa (I1),
KOTOpBI 00pa3yeT aKTUBUPOBAHHBIM KOMIUIEKC ¢ KuciopojnoMm (Zhang W. et al., 2000) u
SIBIISIETCS CWJIBHBIM OKHCIHTeNeM Kak i skene3a (II) Tak m mis muokcuna cepsl. Bee Tpu
nporecca (OKHCIEHHE W pacTBopeHHe ruapokcuaa skeneza (II), oOpazoBanme cynbputa
xene3a (I1)) rerepodasHble W MPOTEKAIOT HA TMOBEPXHOCTH OCAJIKA, CIIEAOBATEIBHO, WX
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CKOpPOCTH B 3HAYMTEIBHOM Mepe 3aBUCST OT MOBEPXHOCTH 0Ca/IKa, KOTOpasi IPU MOCTOSHHON
UCXOJHON KOHIeHTparuu Tuapokcuaa sxenesa (II) B pactBopax OyneT mpuOIM3HTEIHHO
MOCTOSIHHOW. YBeJNMYeHHE MCXOAHON KOHLEHTpauuu rugpokcuaa xenesa (II) B pactBopax
JOJDKHO TIPHUBOJUTH, KaK K POCTY IOBEPXHOCTH TBEPAOH (a3bl M, COOTBETCTBEHHO, K
YCKOPEHHIO Ipoliecca OKUCIICHUSI U 00pa3oBaHMs Cylb(puUTa jKene3a, Tak U K 00pa30oBaHUIO
Oonee KpymHbIX dYacTull Tuapokcuga xkenesa (II) — yBenmueHue NPOIOIKUTENHHOCTH
pacTBOpeHHsl. JTO MOATBEPKIACTCS XapaKTEepOM HM3MEHEHHWs KOHIIEHTPAIMd HMOHOB XKelie3a
(II) oT BpemeHu peakuuu MpU pasHON MCXOJHOM KOHLEHTpAllMM HOHOB JK€Jle3a B pacTBOpE
(puc.26). YBennueHue HavyajabHOM KOHLEHTPALMM JKeJle3a PacTArMBAET MPOAOIIKUTENbHOCTD
u [ u Il aranoB oxucienust noHoB xene3a (I1). [Ipu aToM, B CBS3M ¢ 3aMelJIeHHEM Tpoliecca
pactBopeHus rupokcua sxenesa (II), ysenuunBaercs creneHpb npeBpalieHusl HOHOB JKees3a
(ID) mo a=87 % (Cre=84 mr/m).
Jlis ycTaHOBJIEHUS MEXaHHM3Ma BIMSHHUS JTUOKcuia cepbl U pH pactBopa Ha mporecc
okucieHus HoHOB xkene3a (II) Obtm mosmyuens! 3aBucumocTH pH peakunoHHOW cpenbl U
KOJINYECTBA MOTJIOMIEHHOT0 IMOKCH/IA CEPhI OT BPEMEHU PEaKIuK, COOTBETCTBEHHO pHc.3, 4.
3nauenuss pH pactBopoB pe3ko mnagaroT B TeueHue 2-10 MUHYT M jganee IJIaBHO
YMEHBIIAIOTCA /IO TTOCTOSTHHOTO 3HaY€HHUs, paBHOTO 1.6-2.8 B 3aBUCUMOCTH OT KOHIIEHTpAI[UU
Iuokcuaa cepbl B Bo3ayxe (puc.3). CremoBaTenbHO, B TPHUCYTCTBUHM JUOKCHIA CEPBI
paBHOBecue B cucteme Fe?"-Fe3*-H20-02 HacTynaer npu ropasano MeHbIIeM 3HaueHun pH,
YeM TpPU OKHUCICHWH BO3AYXOM, UYTO MOXET KOCBEHHO TOATBEPKAAaTh 0Opa3zoBaHHE
aKTUBHOTO cyibduTa xenesa (II).

8
7 .
6 4
5 .
4 4
T
Qo
3 o
2 -
1
0 : : : : ‘
0 10 20 30 40 50
T, MUH
-1 —-=-2 ——3

Cre=18 mr/m; Cre(r/M?): 1 -0.47;2-1.08; 3 - 4.01

Pucynok 3 3aBucumocts pH peakiinoHHOH cpezibl OT BpeMEHU peaKkiun

KoHnieHnTpaiust 1UOKCHAa Cepbl, MOTIOMEHHOTO pacTBOpaMu (3a cueT abcopOouuu
JMOKCH/Ia CEpbl PAacTBOPOM U B pe3yJbTaTe OKUCICHHS IUOKCHIA B TPUOKCHI[ CEpPBI C
0o0pa3oBaHHEM B BOJIE CEPHON KUCIOTHI), PACTET /10 ONPEECIIEHHOT0 3HAU€HHUs1, PABHOBECHOT'O
C KOHIEHTpaluuel JUOKcHaa cepbl B Bo3ayxe (puc.4a). Ilpu atom nornomenue giures ot 32
110 55 MUHYT AJ1s1 IPUHATBHIX YCIOBHUH, T.€. HAa BCEX dTanax OKUCJIeHUs: MOHOB xene3a (II).

Ji1st TOro yTOOBI BBISICHUTD, KaK BIMSIOT CTENIEHb OKUCIICHUS JKejle3a U ero COeIMHEHMS Ha
OKHUCJICHHE JHOKCHZA cepbl ObUIM NPOBEACHBI HMCCIEAOBAHUSI B TPEX PasHBIX PacTBOpax:
WCXOJHBIN AJIEKTPOXUMUYECKH 00paboTaHHBIA pacTBOp ¢ pH=7.85 (Bce xene3o cBsizaHO B
runpokcocoenuuenus) u pH=3.1 (kene3o (II) Haxomutcss B monHom Buze, xenezo (III)
CBS3aHO B THJPOKCOCOEJMHEHHUs); pacTBop xuopuaa sxkenesza (II) ¢ pH=7.85; pactBop
xyopuna xxenesa (I1I) ¢ pH=7.85.
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VYmMmenbiienne pH wucxomHoro pactBopa (M HCKIIOUCHHE W3 PEAKIMOHHOH CpeIbl
rujpokcuaa xenesza (I1)) mpUBOIUT K YMEHBIIICHUIO KOHIEHTPAIIUU JIUOKCUAA cepbl B 2.7
pasa. [Ipu ucnons3oBanumn pactBopa xyopuaa xenesa (II) nadbmromaercs nesnaunrensaoe (10
%-o0€) yBennueHNe KOHLEHTPALUU JTUOKCHAA CEPbl B PacTBOPE, YTO CBA3AHO C HEOOJBIINM
yBenuueHueM KoHueHTpanuu okene3a (II) mo cpaBHeHMIO C  AJIEKTPOXUMHUYECKH
00paboTaHHBIM pacTBOpOM. B pacTBope xmnopuaa xenesa (I11) koHIeHTparus JHOKCHAA CepPhl
HaUMEHbIasi, ONIM3Kasi K KOHLEHTPAalMKM JIMOKCHIA Cepbl MPH TOMJIOMIEHUH €ro
JUCTWIIIMPOBAaHHON Bo10# (oTamuue B 30 % oObscHsAeTcs 00pa3oBaHHEM CyJIb(UTOB XKeje3a
1 OKHCIUTEIBHON crtocoOHOCTRIO kene3a (I11)).

Ucxonss w3 pe3ysbTaToB  TEPMOAMHAMUYECKHMX  pacueroB M IOJYYEHHBIX
9KCIIEPUMEHTAJIbHBIX JIaHHBIX, MOKHO CJ€JaTh BBIBOJ, YTO Ha IMPOLECC OKUCIEHMs Kak
nonoB xene3a(ll) Tak u AMOKcHIA cepbl B BOAHBIX PacTBOpax B IEPBYIO OYEPEb BIUSET
Hannuue rujgpokcuna xenesa (I11). BuzyanbHoe HabmoaeHNE 32 COCTOSHUEM PEaKLMOHHBIX
Cpell B XOJ€ PEaKIWu TOATBEP’KAAET 3TOT BBIBOJ: XJIOMBEOOPA3HBIA 3€JIEHOBATHIA 0CAIOK
ruapokcuaa xenesa (I1I) B xome peakmuu npeBpamaercs B 0oJiee MIOTHBIH KPUCTAUTHIESCKUI
OpaHXeBBbIH 0OCAIOK OKCHUTHIPOKCHJA Keneza (oxkoHuanue stama II), mocnme wero mporecc
MOTJIONICHUST TUOKCH/IA CePhI MTOCTETIEHHO MPEKPAaIaeTcsl.

C(S0,), rin
C(SO,), r/n

70

T, MUK T, MUH

1 %2 43 o4 —4-3 %5 -6 57 %38

a) Cre=18 mr/m; 6) Cye=1.88 r/M?; Cre= 18 mr/n
Coe(t/M?): 1 —0.47;2 - 1.08;3 — 1.88; 4 — 4.01 3 — ucxoxuslit pacteop, pH=7.85;
5 — ucxoaHsIit pactBop, pH=3.1;
6 — pactsop Fe?*, pH=7.85;
7 — pactBop Fe**, pH=7.85;
8 — BOJIA AMCTUIIIMPOBAHHAS

Pucynox 4 3aBUCHMOCTH KOHIIEHTpAIlMHM JIMOKCHIA CEphl B PACTBOPE OT BPEMEHH PEAKIUH TMPHU DPa3HOM
KOHIIEHTpAIINH JHOKCHIA CEPhI B BO3AyXe (a) M ISl pa3HBIX pacTBOPOB xkene3a (0)

Ha ocHOBaHMM TpUBENEHHBIX WCCICIOBAHUN, MOYHO TIPEAINOIOKHUTh, YTO TPOLECC
OKHUCJICHUsI JMOKcuaa cepel M MoHOB xkeneza (II) mpoumcxomut ¢ Oonbliol cTeneHbIO
NpPEBpalIeHUsT M BBICOKOM CKOPOCTBIO HE B PEAKIMOHHOM O0beMe, a Ha IOBEPXHOCTH
xynonseB ruapokcuaa skenesa (II) m mpu Hammumm cynabpuToB xene3a. CoOCTBEHHO
runpokcua ckene3a (II) He sBHsSeTcs OoKucCIUTENEeM I JUOKCHAA CEpbl, HO B JAaHHBIX
YCIOBUSAX BBICTYNaeT CBOEOOPA3HBIM KaTaJu3aTOpPOM Jisi 0Opa3oBaHUS aKTUBUPOBAHHOTO
cynbpura sxeneza (II), koTopas yckopsier mpouecc okucieHus kak xeneza (II), Tak u
JIHoKcuaa cepbl. BO3MOXHBII MEXaHU3M IpoLiecca OKUCIEHUS, IpU HayanbHOM pH pactBopa
0obIIIe 7, MOKHO MPEJICTABUTH CIIEYIONIMMHU CTAAUSIMU (YPABHEHUSIMH ):
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SO2+OH™=HSOs3™ (6bicTpasn),
Fe(OH)2+HSO3=Fe(OH)HSO3+H20 (6vicTpas),
Fe(OH)HSO3+02=FeSOs+H20 (6picTpast),
Fe?"+FeSOs+2H"—2Fe**+S042+H20
WIn
SO2+FeSOs—Fe?*+2504%,

KOHKYPHPYIOLIHE
peaxmun

Ha psiny ¢ npuBeIeHHBIMU PEaKIMIMH, ONHMCHIBAIOIINMH MEXaHH3M IpoIiecca OKUCICHHS
xene3a (II) B mpucyTcTBUM IHOKCHIA CEepbl, B PEAKIMOHHOW CpeAe MPOTEKAIT pPeaKiuu
XapakTepHbIe JJIsi OOBIYHOTO Tmporecca okucienus xeneza (II) kuciaopomom Bo3ayxa,
KOTOpBIE TaKXKe MOTYT HPOXOAUTh Yepe3 CTaaui0 0O0pa3oBaHUS PEAKTHBHOW (HOpPMBI
KUCIIOpo/ia (HAampuMep, aTOMapHOTO KHUCIOPOAa), KOTopas YCKOpSIET MPOLECC OKUCICHUS
JIMOKCH/IA CePBI:

2Fe(OH)2+02+H20=2Fe(OH)3+0,
HSO3 +O=H"+S04*",
WITH
2Fe**+0+2H"=2Fe*+H:0,

KOHKYPHPYIOIIHE
peakuun

U peaknuu BocctanBosienus xenesa(lll)

2Fe**+HSO3 +H20=2Fe*"*+3H"+S04%",
2Fe3+S0-2H20=2Fe*™+4H+S 042",

PaBHOBecne Bcero mporecca, OMHMCAHHOTO 10 JAaHHOMY MEXaHU3MY, JOCTHUTAETCs
JIOCTaTOYHO OBICTPO IIPH MOJHOM OTCYTCTBUU ruapokcodopm xenesa(ll), T.e. mpu pH<3.

BriBoabI

Hcnonb3oBaHne Tra3oBO3MYIIHONM CMECH C COJIEpP)KaHHMEM JHOKCHJIA CEpbl IO3BOJISIET
nocrtatoyHo 3G dekTuBHO, B 0COOEHHOCTH B mpHUCYTCTBHM ruapokcuna sxenesa (II),
npousBoauTh okucienue sxenesa (II) ¢ oOpasoBanmem cepHoit kucnorbl. Ha cremens
IPEBPALIEHUs] PEareéHTOB M CKOPOCTh MPOLECCOB OKUCIEHHs BIMAIOT HAYaJIbHOE 3HauCHHE
pH cpensl 1 KOHIIEHTpALUU PeareHToB.

[Mpouiecc okucnenus awokcuaa cepbl u MoHOB kene3a (II) mpoumcxomut ¢ OGosbion
CTETIEHbIO TPEBPAILCHUS W BBICOKOM CKOPOCTbIO HE B pEaKIMOHHOM oO0ObeMe, a Ha
MIOBEPXHOCTH OCaJKa TUAPOKCHIA WK cyibdura sxenesa (II).

Ha ocHoBaHWMM TepMOIMHAMUYECKHX pPACUYETOB M IKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUIMA
KAHETHKH

peakuuii, nporekalommux B cucteme Fe?'-Fe’'-H20-S02-O2 mnpemioxkeHn MeXaHU3M
mpolecca OKUCJICHHS, BKIIOYAIOUIMA 00pa3oBaHUE PEaKTUBHBIX (OpPM  KHUCIOpoAa
(axTHBHpOBaHHOrO cyibdura xene3a (II) u aTomapHOro KHMCIOpOAa), KOTOPBIE YCKOPSIOT
okucnenue xxenesa (II) n nnokcuna cepsl U AenaroT ero 0oJee MOJHbIM.
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Abstract

Films of chitosan were prepared in salt form by method of dry-forming. It is proved that heat
treatment films of chitosan reduces solubility. Crosslinking of the polymer occurs through
amidation reaction. It was proven effect of heat treatment on the structure and functionality of
the films. It was established that during the heat treatment of the films is the process of
amidation, which in turn leads to greater streamlining the structure and reduce the solubility
of the films.

AHHOTAIHUS

[lneHkn xWTO3aHAa, SIBJSIOIIMECS HOBBIM BHUIOM CBHIPbS [UIS IPOU3BOJICTBA MEMOpaH,
HOJTy4aJId B BUJIE COJIM METOJIOM cyXoro ¢opMoBaHus. JlokazaHo, 4TO TemioBas 0OpaboTka
IUVICHKM XUTO3aHa YMEHBIIaeT pacTBOpUMOCTh. CIIMBaHHE TIIOJIUMEpPa IPOUCXOJUT B
pe3ysbTaTe peakIMu aMHUAMpOBaHMS. bbuto mokazano BiusHuEe 3¢ddexta TepMuUUecKon
00paboTKH Ha CTPYKTYypy W (YHKIIMOHAIBHOCThH IUICHOK. YCTaHOBJIEHO, YTO B TIpoIlecce
TEPMHYECKOH O0OpPa0OTKH IUIEHOK BO3HHMKAET IPOIECC aMUAMPOBAHUS, KOTOPBIA B CBOIO
o4epe.Ib MPUBOINUT K ONTUMU3AIMH CTPYKTYPbI U YMEHBIIAET PACTBOPUMOCTB IIJICHOK.

Keywords: chitosan, films, mycelium, fungus Aspergillus Niger.

Introduction

It is known that aminopolysaccharide chitosan and its derivatives are becoming more
widely used in various industries. Chitosan has many beneficial properties. Chitosan
extracted from natural polysaccharide chitin. For use of chitosan from chitin deacetylation
reaction. The result of this reaction is a substitution of amide groups (NHCO") chitin in more
active and reactive amino groups (NH2") (Fig.1).

MNaOH(k 0

MHz ™ pp

Figure 1 The reaction of deacetylation

Chitosan is a biocompatible, non-toxic and is laid out in an environment characterized by
valuable regenerating and healing properties. Chitosan absorbs heavy metal ions, dyes,
petrochemicals and oil from water. Chitosan has been successfully used in medicine, food
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and chemical industry and biotechnology (Muzzarelli, 1977). Chitosan membranes and films
used for drinking water.

Other authors have shown the use of polymeric chitosan films as ion-exchange for
alkaline and acidic solutions (Hirano and Tokura, 1982; Singh and Ray, 1998; Begin and Van
Calsteren, 1999) The polymeric nature and high chemical activity of chitosan determine
prospects of films based on it in water treatment technology and aqueous solutions. The
disadvantages of increased use of films and membranes based on chitosan in sorption
processes is their lack of stability and solubility in aqueous solutions.

The study of physical - chemical properties of chitosan films to improve their properties
and increase stability when used in aqueous solutions of unstable pH is a very pressing issue.

The aim of this work is to study the effects of heat treatment and forming films on their
structure and solubility.

Methods

To produce films using chitosan with a degree of deacetylation 87%. Chitosan was
obtained from mycelial fungi Aspergillus niger biomass — waste of biotechnological
production of citric acid by the method (Stolyarenko et al., 2013).

Chitosan films in salt form (S-form) were made with dry molding solutions. Forming
solution prepared from 2% chitosan solution in 2% aqueous solution of acetic acid
respectively methods (Stolyarenko et al.; 2014). The solution was stirred on a magnetic mixer
for 15 minutes.

Chitosan film (S-form) were used for the production of films in the form of
polyhydroxide (H-form). For this chitosan film (S-form) was treated with 2% sodium
hydroxide for 60 seconds (Samuels, 1981; Arzamastsev et.al., 2008).

Interact with amino groups bound anions solvent (acetic acid) from alkali — NaOH

(Fig.2).

- NH;* (CH,COOY NH,
+NaOH
-NH, m’ NH, + H,O
- NH;* (CH;COO) N,
S-form H-form

Figure 2 The scheme of transfer films of chitosan (S-form) in the form polihydroxide (H-form).

The content of linked chitosan films acid and amino content was determined by
potentiometer titration. (Zotkin et al.; 2004). We used a combined glass electrode.
Measurement of pH was carried out with an accuracy of £ 0,01. Electrode checked by
standard buffer solution (pH = 1.1; 4.01; 6.86 and 9.18). To determine the bound acid sample
film weighing about 0.1 g (up to 0.0001) filled with 10 ml of 0.1 M NaOH solution and
heated for an hour with constant stirring. After stirring 5 ml of the solution were taken for
titration. Titration was performed with 0.1 M HCI solution with constant stirring on a
magnetic mixer (temperature 18-20°C). It was built in the titration curve coordinates pH-
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SAIV(HCD)). For the titration curve defined volume HCI, which went on titration of excess
NaOH. Calculated acid content (W%(CH3COOH) in the film by the formula:

AV(HCI)-ii(HCl)- K - M(HCI )-100
m

W(CH ,COOH),% =

where AV(HCl) — the amount of HCI, which went on titration, I; ¢(HCl) — molar
concentration of HCI mol/l; K — correction factor for the concentration of acid; M(HCI) —
molecular weight HC1 g/mol; m — film weight, g.

Defined concentration of nitrogen, which describes the presence of amino and amide
groups in chitosan films. Film sample weighing approximately 0.1 g (up to 0.0001) was
dissolved in 5 ml of 0.1 M HCI solution and stirred for an hour. To the solution was added
5ml of distilled water and titrated with 0.1 M NaOH solution with constant stirring
(temperature 18-20°C). For the titration curve defined volume NaOH, which went on titration
and calculated amine nitrogen content #%(N) by the formula:

AV(NaOH )i NaOH )-0.014
m

W(N )% =

100,

where AV(NaOH) — the amount of NaOH, which went on titration; ¢(NaOH) — molar
concentration of HCI mol/l; m — film weight, g; 14 — atomic weight of nitrogen, g/mol.

The degree of substitution at the amino and amide groups was calculated by the formulas:

_ W(N)-203
Mk 1400+ 42-W(N)

and DS, = ADS,, +0.13

The degree of conversion of amino amide as calculated by the formula:

ADS
DCNHQ = T};Hz)

where 0.87 — degree deacetylation of chitosan.

The process of curing the films were performed in the temperature range from 20 to 75°C
for 10 to 72 hours. The film of chitosan was heated in an oven at 115°C for 1 to 3 hours. The
kinetics swelling investigated the gravimetrically on an analytical balance. To create the
proper environment using buffers with pH: 1.1; 5.5; 6.86.

The degree of swelling of the films (o) was calculated using the formula:

m—m,

o= -100% ,

m,
where mo — weight chitosan film to swelling , g; m — weight chitosan film after swelling, g.

Kinetic curves were constructed in the coordinates: the degree of swelling - a process of
swelling. For kinetic curves determined equilibrium value of the degree of swelling (a.,, ).

The films of chitosan in S-form and H-form was analyzed using IR spectroscopy
(Specord IR-75). The samples were cut into small pieces before grinding with KBr powder in
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the ratio of approximately 2:100 of sample to KBr. The IR spectra were run in the wave
number ranges of 400-4000 cm™' with 32 scan at 4 cm! resolution. Explanation spectra were
performed using the program MicroCAL Origin v.6.10.

Results and Discussion

Established that an increase in temperature and increase the curing time leads to a
reduction solvent (CH3COOH) in films of chitosan (Table 1). Virtually unchanged degree of
substitution for amide and amino groups in structure of chitosan.

Table 1 Terms curing of films and composition films of chitosan before heat treatment™®

Terms curing Composition films of chitosan

of films
T,°C ho’;lrs W%(CHsCOOH), % W%N)% DSy, DSyuco**  DCyy
20 72 36.1 7.3 0.87 0 0
50 20 25.0 7.8 0.87 0 0
75 10 18.9 7.8 0.85 0.02 0.02

* Heat treatment was performed at 115 © C for 3 hours; ** Increase DS nico from baseline of chitosan

As can be seen from Table 2, at high temperatures (115°C) in films of chitosan observed
reduction solvent of acid and increasing the number of amide groups in the structure of
chitosan.

Table 2 Terms curing movies and films of chitosan to heat treatment

Terms curing

of films Composition films of chitosan

7,

T°C  hours W%(CHsCOOH), % W%(N).% DSw., DSyeco** DCyy

20 72 18.0 5.08 0.64 0.23 0.26
50 20 14.8 3.97 0.51 0.36 0.41
75 10 10.95 4.3 0.55 0.32 0.37

* Heat treatment was performed at 115 © C for 3 hours; ** Increase DSy, from baseline of chitosan

Under the influence of temperature on the chitosan film is strengthening polymer in the
amidation reaction (Fig.3).
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. T'C
/fNH;_ OOCH; ———> /7NHCO—CH3

Figure 3. Scheme amidation reaction of films of chitosan

It is proved that when converting films of chitosan S- H-form appears intense absorption
band at 1635 cm™ in the IR spectrum, which is characteristic of amino groups (Figure 4, Figure
6). Under the influence of temperature in the infrared spectra of chitosan films (S-form) a
decrease in the intensity of the absorption bands Amide I (1633, 1630 cm™) and there is an
intense absorption band Amide II (1550 cm™). For films of chitosan in H-form (Fig.7) observed
accumulation of amide groups (1550 cm™, 1495 c¢m™). This confirms amidation reaction that
occurs during the thermal impact on the films of chitosan. In the stretching vibration of
hydroxyl and amino groups (2980-2350 cm™) by the action of the temperature distribution is the
intensity of the absorption maximum in the offset area smaller wavelengths.
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Figure 4 IR spectrum of chitosan film in the S-form before heat treatment.
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Figure 5 IR spectrum of chitosan film in the S-form after heat treatment
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Figure 6 IR spectrum of chitosan film in the H-form before heat treatment
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Figure 7 IR spectrum of chitosan film in the H-form after heat treatment

Table 3 presents the results of research degree of swelling of chitosan films before and after
exposure to temperature. Established that under the influence of temperature decreases the
degree of swelling of chitosan films in the S- form and H- form.

It is proved that under the influence of temperature in the macromolecules of chitosan, a
decrease in the number of amino groups and reduce the ability of ionized molecules
participate in conformational transformations.

Table 3 Effect of heat treatment and pH of the solutions to the equilibrium degree of swelling of chitosan films
in S- and H-form

pH Equilibrium degree of swelling a.,,
S-form”  S-form-T*" H-form" H-form-T**
1.1 - - - -
5.5 375 280 200 175
6.86 250 170 150 95

* - chitosan film before heat treatment; ** - chitosan film after heat treatment at 95°C for 1 hour

The process amidation and organization of the structure, which reduces the solubility of
chitosan films. The results are in good agreement with data obtained by other authors (Kim,
C.H. et.al., 2004; Pielichowski, K. and Njuguna, J., 2005; Rivero S. et.al., 2012)
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Conclusions

Was established that the increase in temperature and duration of curing films of chitosan
leads to reduction of acid solvent (CH3COOH) in freshly formed films. The Amidation
reaction does not occur.

It is proved that heat treatment films of chitosan reduces solubility. This can be explained
by substitution of amino groups (NH2-) on amide (NHCO-). There is a formation of chains
structure of chitin and chitosan. Crosslinking of the polymer occurs through amidation
reaction.

IR spectra of films of chitin in the C- and H-form show an increase in the number of
amide groups in the process of heat treatment and suggest streamlining the structure of
chitosan, which reduces the solubility.

Discussed in the work modifying of films of chitosan demonstrate feasibility of their
application for films with improved properties. Films of chitosan after thermal modification
can be used in different sectors of the economy, and especially in the manufacturing
processes of water purification.
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Abstract

Composite adsorbents based on zirconium oxyhydroxide (ZOH) with adding of Al203, Fe203
and Mn3Oa4 were synthesized by a sol-gel method to remove of As(V) and As(lll) from
drinking water. The characterization of adsorbents and their adsorption behavior are
investigated. Due to the high specific surface area, from 355 to 541 m?/g and the presence of
surface hydroxyl groups, adsorbents demonstrated a high efficiency for both arsenic species
without pretreatment at near neutral pH. Based on adsorption experiment without stirring the
most effective composition (Zr-Mn) was chosen. The equilibrium adsorption capacity of
these adsorbents was achieved within 8 h with a value of arsenic removal R=96-98.5%. The
experimental data fitted pseudo-second-order model. The date of adsorption isotherms studies
accorded with Langmuir isotherms due to the low arsenic concentration and suggested a high
affinity of the adsorbent to As species. The influence of co-existing anions such as CI-, SOs*
and COs?> was insufficient. More effective arsenic removal was observed at lower pH, but
even at neutral pH the efficiency of treatment achieved 96-97%. The high removal efficiency,
the wide range of work pH and fast treatment process make an attractive composite adsorbent
based on Zr-Mn oxides to remove of both As(V) and As(l11) from drinking water.

AHHOTAIUA

C nensto ymaauth woHbl AS(V) u AS(Il) u3 muTheBOM BOIABI 30Jb-T€Ib METOJOM OBLIH
MOJIyYeHBI COpOEHTHI Ha OCHOBe okcuruapokcuma tupkonus (OI'L]) ¢ moGaBkamu Al203,
Fe203 u Mn3O4. B xoze uccienoBanuii ObLTH M3yYEHBI OCHOBHBIC (DH3UKO-XUMHUYECKHUE U
aZcopOLIMOHHBIE  CBOWMCTBAa TMOJNYYEHHBIX copOeHToB. Ha ocHoBe wuccienoBaHuit
aJIcCOPOIIMOHHBIX CBOMCTB ObUT BRIOpaH HambOosee 3¢ GheKTUBHBIN cocTaB copbeHTa, Zr-Mn.
PaBHOBecHas ajicopOLMOHHAs €MKOCTh BBIOPAHHOTO aJcOpOeHTa JTOCTUTaeTCs 3a 8 4acoB C
a¢pextuBHOCTEIO B 96-98,5%. DKcnepuMeHTalbHbIC JaHHBIC KHHETUKH aJCOpOIUU
COOTBETCTBYIOT TICEBIO BTOpOMY MOpsSAKYy. M3oTepmbl aacopOumu, B BUAY HHU3KUX
KOHIIEHTpaluii HOHOB AS, omuCHIBalOTCS ypaBHeHUEeM Jlenrmropa. Ilpm 3ToM mpucyTcTBUE
NonoNHUTENbHBIX mpuMeceit nonoB ClI, SO4% n CO3? mpakTudecku He BUAET Kak Ha
MEXaHM3M COpOIHH, TaK ¥ Ha YPPEKTUBHOCTH yaanenus noHoB AsOs> u AsO3>. Msyuenne
BrnusiHue pH Ha mporecc agcopOuuu mokas3ano, 4YTO MaKCUMallbHOE yAaleHue npumeceit As
JOCTUTraeTcs npu HU3kux pH, ogHako naxe npu noBbiieHnd pH 10 HEUTpaIbHBIX 3HAYEHUN
3¢ (HEeKTUBHOCTh yAANEHUS JOCTUTAET YJIOBIETBOPUTEIHHOTO YPOBHS B 96-97%. bnaronaps
BBICOKOH YIEIbHOH MOBEpXHOCTH, OT 355 gm0 541 M?/r, pasBUTOMY THIPOKCHIBHO-
THIPATHOMY TOKPOBY, IIMPOKOMY JAMana3oHy pabounx pH u AocTaToyHON CKOPOCTH
yIaJCHHS IIPUMEcei peaiokeHHbIH copoeHT Ha ocHoBe OI'L] ¢ mob6aBkoit Mn3Os oOiramaer
BBICOKOW 3((EKTUBHOCTHIO MO YNAJICHHIO KaK TPEXBAJICHTHOTO TaK U TMSATHUBAJICHTHOTO
MBIIIbsIKA 0€3 peBapuTeIbHOW 00pabOTKH BOIBL.

Keywords: arsenic, composite adsorbents, isotherm, Kinetic, Zr-Mn oxide
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Introduction

Arsenic compounds are highly toxic and can be found in sources of groundwater and
drinking water. In natural water they exists in two predominant forms As(V) and As(ll), but
trivalent arsenic is about 60 times more toxic and difficult to remove without pretreatment
than oxidized pentavalent state (Jain & Ali, 2000). Many countries of the world face a health
risk due to the arsenic contamination in the water, but for developing countries, such as
Bangladesh, Chile, India, Argentina etc., this problem is more actual because of a lack or an
insufficiency of water treatment (Mandal, 2002). While acute minimal lethal dose of arsenic
in adults is estimated to be 70 to 200 mg or 1 mg/kg/day, the highest concentration of As in
this region ranges from 0.1 to 3 mg/l (Dart, 2004). According to the National Academy of
Sciences, even small amount of arsenic in drinking water causes different types of cancer,
serious skin and heart problems (Fawell & Mascarenhas, 2011). To address health problems,
the World Health Organization (WHO) and US Environmental Protection Agency (USEPA)
made the maximum contamination level of As in drinking water less, from 50 to 10 ug/l. The
stricter requirements have prompted a series of investigations to develop cost-effective
arsenic treatment technology. Arsenic can be removed from drinking water by different
treatment process as oxidation, coagulation, filtration, reverse osmosis, biological treatment,
ion exchange and adsorption (Mdlgora, Dominguez, Avila, Drogui, & Buelna, 2013; Mondal
et al., 2014; Katsoyiannis & Zouboulis, 2004; Daus, Wennrich, & Weiss, 2004). However,
many of them have significant drawbacks, such as the insufficient cleaning, a need of
pretreatments, a multistage character, the high construction and service cost (Fauskrud,
2013). Adsorption technology is one of the most promising methods to remove arsenic
because it can be used not only at the pilot scale, but also in households (Yang et al., 2014).
At the same time, some adsorbents remove both three and pentavalent state without
pretreatment that makes this technology more cost-effective (Huang, Yang, & Keller, 2014).
As sorbents for arsenic removal are often used an activated carbon (Arcibar-Orozco, Josue,
Rios-Hurtado, & Rangel-Mendez, 2014), metals oxides (Mohan & Pittman, 2007) and natural
solids (Elizalde-Gonzéalez, Mattusch, Einicke, & Wennrich, 2001). Metal oxide adsorbents
mainly include activated alumina, iron oxides, zirconium oxides, titanium oxides, cerium
oxides, and so on. Generally, the high surface area and specific affinity for arsenic adsorption
are the main factors to determine the efficiency of the treatment process (Chen et al., 2014).
However, metal oxides as adsorbents are not used in their pure form due to the low chemical
stability, selectivity to As (I11) ions or a high price.

Zirconium oxide/oxyhydroxide always was attractive for scientist as adsorbent material. It
has a unique selectivity towards multivalent anions (such as phosphates, arsenates, arsenites,
etc). This behavior is explained by the presence of hydroxyl ions and water molecules in the
hydrated form of zirconium, which take part in ligand substitution with arsenic (Sun, Hu, &
Qu, 2013). Furthermore, zirconium oxide is non-toxic and insoluble material with unique
chemical stability and good resistance to attack by acids, alkalis, oxidants and reductants
(Cui, Su, Li, Gao, & Shang, 2013). However, the high cost of zirconium oxide adsorbents can
cause the problem for their use in developing countries. Thus, to decrease adsorbent price and
keep excellent adsorption and physicochemical properties, many scientists have proposed to
synthesize the binary oxides adsorbents based on high-effective ZrOz and low-cost Fe20s,
Al203 or Mn3Oa. In the present work, composite adsorbents based on Zr-Al, Zr-Al-Fe and Zr-
Mn oxides were prepared by sol-gel method, which enables to obtain a homogeneous mixture
of metal hydroxides and a nanostructred material after gelation process (Chepurna, Smotraev,
Kanibolotsky, & Strelko, 2011). The adsorbents were characterized and investigated for their
arsenic adsorption behavior from drinking water. The results showed high removal efficiency
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for both As(111) and As(V) with Zr-Mn adsorbent under stirring and medium efficiency for all
adsorbents without mixing.

Experimental
Chemicals and analysis

The following chemicals were used in this research. Zirconium oxychloride
(ZrOCl2-8H20) was obtained from Volnogorsk Metallurgical Plant (Dnepropetrovsk region,
Ukraine). Iron(ll1) chloride, Aluminium(lll) chloride, Manganese(ll) chloride and urea
(CO(NH2)2 were purchased from Reagent (Dnepropetrovsk, Ukraine). The arsenic solutions
used were mixed at IPM laboratory to a concentration of 4 g/L. The initial arsenic solution
was prepared by dissolving Sodium arsenate (NazHAsO4-7H20, 98%) and Sodium arsenite
(Na2As02,100%) (VWR international, Germany) into deionized water. The working solution
of As(lll) and As(V) was obtained by mixing initial solutions with tap water. The pH was
adjusted by Hydrochloric acid (HCI) and Sodium hydroxide (NaOH). The concentration of
both arsenic forms was estimated by a laboratory technician using an Inductively Coupled
Plasma Mass Spectrometer (Agilent 8800 ICP-MS in oxygen reaction mode) (IPM
Department, NMBU, Norway). As(lll) and As(V) were separated with strong base anion
exchange resin (AER) (Dowex 21K XLT Resin). A sample (150-250 ml) passed through the
AER, As (V) was adsorbed by resin, and As (I11) remained in the water. Samples were taken
and analyzed concentration of arsenic before (total As) and after the AER (As(lll)), the
difference between them — As(V).

Adsorbents preparation

Adsorbents were prepared by sol-gel method during homogeneous hydrolysis of urea with
mixed metal solution. Initial solutions of metal salt with concentration C(Me"")=0,75 mol/I
were mixed at molar ratio: Zr:Al=3:1 (Zr-Al), (Zr:Al):Fe=(1:3):0,4 (Zr-Al-Fe) and
Zr:Mn=10:1 (Zr-Mn). The resulted mixture was heated to 100°C in the presence of urea at
molar ratio Me:CO(NH2)2=1:3. The obtained sol was dropped into the dual-layer solution (oil
and alkali) to form the gel structure of wet adsorbents. The metal hydroxide spheres were
washed with deionized water and dried at 20°C for 24 h (Sorochkina & Smotraiev, 2011).

Adsorbents characterization

The elemental contents were analyzed by X-ray diffraction (XRD). Diffraction patterns
were obtained on the X-ray diffractometer DRON-2 (USSR) in a monochromatic Cu-Kq
radiation with a wavelength | = 1.54056 A. Infrared spectra were collected within range of
400 and 4000 cm™ at room temperature on IR spectrophotometer Spektrum BX (Germany).
The specific surface area and pore-size distribution were measured by water adsorption
experiments using the BET method (Sorochkina & Smotraiev, 2013).

Batch adsorption experiments

Arsenic solutions were freshly prepared by diluting initial As(111) and As(V) solution with
tap water. The effect of composition, adsorbent dosage, a contact time and solution pH was
investigated. In the experiment to investigate the effect of composition on arsenic adsorption,
various amounts of adsorbents in the range of 0.2-1 g were added to 250 ml arsenic solution
with concentration As(III)=56 pg L and As(V)=54 pug L without pH adjustment and
shaken on 24 hr. For adsorbent, which showed better efficiency to remove arsenic without
mixing, the optimal dosage for arsenic removal under stirring was determined. For it the
amount of adsorbent from 0.05 to 0.3 g was mixed with arsenic solution during 18 hr. Kinetic
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experiment was conducted to determine the contact time required to reach equilibrium.
Adsorption was carried out under stirring in closed glass bottles filled 250 ml arsenic solution
with predetermine mass of adsorbent (m=0.05 g). The contact time was varied from 0 to 18
hr. To determine of adsorption isotherms, 250 ml of arsenic solution with initial total arsenic
concentration from 100 to 350 pgL™ was shaken with 0.05 g of adsorbent during 18 hr, the
pH of solution was adjusted around 7.8+0.2 by adding HCI or NaOH. In the pH study, HCI or
NaOH was added to arsenic solution of a known initial concentration to set up initial pH
value in the range from 4 to 10. In order to estimate the effect of co-existing anions, the
arsenic solution with total arsenic concentration C(As)=100-350 pgL™* and concentration of
anion C(An™)=1mmol L was shacked with 0.05 g of adsorbents during 18 hr.

Results and Discussion
Characterization of the synthesized adsorbents

In order to identify the crystalline structure of the sorbents, XRD studies were made. The
results indicate that most of ZrO: particles are amorphous, and crystalline structures could be
observed only on Mn3Os and Fe20s. The presence of hydroxyl ions (OH) and water
molecules on the metal oxide surface, which can act as adsorption sites, has a great effect on
the adsorption properties. The stretching vibration of functional OH groups that forms wide
band at 3000-3600 cm ™ shows peak about 3400 cm™, which attributes Brgnsted acid centers.
The band at ~1640 cm™ is assigned to the hydroxyl deformation mode of water molecules
and indicates the presence of physicosorbed water on the binary oxides (Xu et al., 2013).
Other two peaks around 1530 and 1335 cm™ correspond to terminal and bridging OH groups,
respectively. The small wide peak at 540 cm™ shows the presence of Al-O vibration which
can act as the additional adsorption center. Their specific surface area as presented in the
Table 1 is higher than most Zr(1V) oxide adsorbents used in the removal of As(I11) and As(V)
(Zheng, Lim, & Chen, 2009; Cui, Li, Gao, & Shang, 2012; Xu et al., 2013). Most pores are
micropores and their size is widely distributed from 3 to 16 A. Thus, adsorbents created by
the sol-gel synthesis have a large surface area which is beneficial for its adsorption capability.

Table 1 Results of BET measurements for composite adsorbents based on ZOH

Adsorbents S, m%/g V, cm’/g I'dominant, A F'mediums A
Zr-Al 536.88 0.227 10.40 8.44
Zr-Al-Fe 541.46 0.225 4.00 15.99
Zr-Mn 355.70 0.113 3.40 7.85

Determination of optimal adsorbent composition

To determine the optimal composition, three different adsorbents were tested for removal
of As(lll) and As(V) without stirring as shown in Fig. 1. For the same initial arsenic
concentration and adsorbent concentration, the Zr-Al composition has lowest removal
efficiency for total As, about 25%. With Fe(lll), the adsorption capacity was slightly
improved to 30% for removal of total arsenic. The most effective to treat water from arsenic
contaminants is Zr-Mn composition adsorbents, especially to remove As(lll) state. Even
without mixing it adsorbs 37% of total As, 44% of As(l11) and 27% of As(V). This behavior
can be explained by the fact that manganese oxides are used as the oxidizing agent (Shan &
Tong, 2013). The Zr-Mn adsorbent, according to the data X-ray studies, contains MnzO4
(MnO-Mn203) which increase efficiency of removal As(lll) due to oxidizing this state to
As(V) and adsorption on the porous ZOH. Based on the adsorption study results the Zr-Mn
composite adsorbent was chosen for the further experiments.
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Effect of Zr-Mn adsorbent dose

The adsorbent dose has the most significant impact on the adsorption process. To establish
the optimal dosage of adsorbent for the treatment process, the removal efficiencies for both
arsenic states were determined by different Zr-Mn mass under mixing (Fig. 2).
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Figure 1 Comparative study of arsenic removal by Figure 2 Effect of adsorbent dosage on the arsenic
different adsorbent compositions (initial As(IlI)=56 pg removal efficiency by Zr-Mn adsorbents (initial
L and As(V)=54 ug L1, without stirring, 18 h): (1) As(IlI)=52 pg L* and As(V)=63 pg L, with stirring,
Zr-Al, (2) Zr-Al-Fe, (3) Zr-Mn duration18 h): (1) As(l11), (2) As(V)

It was found that the As removal increased sharply to 97.5% with adsorbent doses 0.05 g,
(compared to 37% and 1 g for previously test) and and then grew insignificantly for both
As(111) and As(V). Such removal rate corresponds with As concentration less than 5 pg/L,
which satisfies WHO requirements. According to this the adsorbent dosage for further study
was set up as 0.05 g. The low effective dosage of adsorbents indicates the presence of a large
number of active sites on the adsorbent surface that positively identifies this sorbent
compared to other. The mixing process improved a diffusion of As ions to the adsorbent and
into the adsorbent pore volume, thus the chemical reaction is limiting all adsorption process

Kinetic of arsenic removal by Zr-Mn adsorbent

The kinetics of ions removal is one most important characteristic in adsorption that
determines not only efficiency but also the cost of the treatment process. Hence, in the

presence study, the kinetic characteristics of arsenic removal were defined to understand the
adsorption behavior the Zr-Mn.
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Figure 3 Arsenic removal rate versus time by Zr-Mn (initial As(II)=55 pg L** and As(V)=65 pg L*, with
stirring, adsorbent dosage 0.05 g, duration18 h): (1) As(l11), (2) As(V)
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Figure 3 shows the adsorption data of As(l1l) and As(V) by Zr-Mn during 18 h. As seen
from the Fig. 3 the adsorption of As(l1l) and As(V) was rapid in the first 30 min, when the
removal efficiency achieved 70% and 86%, respectively. The removal rates for As(V) and
As(I11) were 95% and 91% after 2 hr that satisfies the WHO requirements. However, the
adsorption equilibrium for both As(I11) and As(V) was reached just after 8 hr with arsenic
removal rate 96% and 98.5%, respectively. Such results are compatible with the data obtained
by other researchers (Sun et al., 2013). To better describe the removal kinetics for arsenic
species, the experimental data were fitted with Lagergren pseudo first-order kinetic model
and the pseudo second-order kinetic model (Sun et al., 2013). The kinetic data for arsenic
removal by Zr-Mn adsorbent are presented in Table 2.

Table 2 Coefficients for pseudo first-order and pseudo second-order kinetic models

Pseudo first-order Pseudo second-order
Qe.exp e, calc K1, R? e, calc ke, R?
(mg/g)  (mg/g) (mint) (mg/g) (9/mg min)
As(l1l) 0.270 0.074 0.005 0.887 0.271 0.388 >(0.999
As(V) 0.318 0.123 0.021 0.912 0.317 1.476 >0.999

The values of correlation coefficient R? for the pseudo first-order model are around 89%
and 91% for As(l11) and As(V), respectively, and calculated equilibrium capacities are lower
than determined by experiment. The R? value for the pseudo second-order model are
extremely high (>0.999) that means the experimental data of arsenic removal by Zr-Mn
adsorbent fitted the pseudo second-order model and chemisorption dominated in the
adsorption process. The difference between adsorption rate for As(V) and As(l1l) can be
explained with several reasons: the difference between anion radius of As(V) and As(l1 state
(Sun et al., 2013); existed As(I11) ions as neutral ions under the experimental conditions; and,
the oxidizing As(I1l) state to As(V) by manganese during the initial reaction period (Kong,
Wang, Hu, & Olusegun, 2014). Therefore, the application of composite adsorbents based on
manganese oxide can accelerate the removal process of As from water.

Adsorption isotherm of Zr-Mn adsorbent

The aim of adsorption isotherm studies is to define the specific relation between the
equilibrium concentrations of As ions in the solution after sorption and the adsorbed by
porous material as Zr-Mn. The adsorption isotherms of Zr-Mn adsorbent for As(Ill) and
As(V) are presented in Figure 4.
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Figure 4 Adsorption isotherms of As(I11) (1) and As(V) (2) on Zr-Mn (initial total As: 110-330 pg L, with
stirring, adsorbent dosage 0.05 g, duration18 h)
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The isotherm results were analyzed using two common isotherms including the Langmuir
and Freundlich and were used to represent the equilibrium data for As(lll) and As(V)
adsorption process (Table 3).

Table 3 Isotherm parameters for As(l11) and As(V) adsorption on Zr-Mn adsorbent

Langmuir model Freundlich model
gm b R? K1 n R?
As(l11) 1.068 218.58 0.997 2.806 0.564 0.978
As(V) 2.224 103.35 0.911 6.807 0.871 0.907

The correlation coefficient R? of the Langmuir isotherms for As(I11) and As(V) are 0.997
and 0.911, while those for Freundlich model are 0.978 and 0.907 for As(lll) and As(V),
respectively. Higher regression coefficients for suggested that Langmuir model is suitable to
describe the adsorption behavior of As(lll) and As(V) by Zr-Mn composite adsorbents.
Although most authors noted that the process of As adsorption on metal oxide adsorbents
describes by Freundlich model, the obtained result is easily explained by the low initial
concentration of arsenate in solution. The high value of the specific surface area of Zr-Mn
adsorbent, micropores and low concentration of As ions promote the formation of a
monolayer cover on the adsorbent surface. The adsorbent had high Langmuir constant (b),
which indicated the higher affinity of the adsorbent for the adsorbate, especially for As(l1l) in
this study (Al-Anber, 2011). The Zr-Mn adsorbent had a higher adsorption capacity to As(V)
than As(Ill), 2.224 and 1.068 mg/g, respectively. This suggested that Zr-Mn composite
adsorbent is more effective for As(V) than As(lll) removal, but it can be solved with
oxidizing the trivalent state by manganese.

Effect of co-existing anions

In natural or tap water in other countries, several components might exist, which can
compete with arsenic anions for the same adsorption sites. In this study, anions of CI, SO4*
and CO3? are used to test the effect of co-existing impurities. The corresponding results were
illustrated in Figure 5(a and b).
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Figure 5 The effect of co-existing anions on removal of As(111) (a) and As(V) (b) (initial As(l11): 51-140 pg L,
As(V): 59-190 pg L%, anion concentration 1 mmol L with stirring, adsorbent dosage 0.05 g, duration18 h,
pH=7.8%0.2): (1) without any addition anions, (2) with CI', (3) with SO,%, (4) with CO3*

The presence of co-existing anions had little or no effect on As(l11) removal, especially CI
and SO4%, which probably do not compete with arsenite ions. With increasing initial
concentration of trivalent arsenic state, COs> began to effect on arsenic (lI1) removal,
decreasing the efficiency to around 4%. The results for As(V) removal showed also little
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impact of CI- and SO4> on the treatment efficiency with raising of the initial arsenic
concentration and the negative effect of COs% presence. The observed negligible change in
removal percentage of arsenic in the presence of with CI- and SOs* and decreased arsenic
removal inducted by the presence of CO3% could be explained based on the types of bonding
interaction. The chloride anion could only form outer-sphere complex with metal
(hydr)oxides, at the same, at pH>6, sulfate ions would be adsorbed predominantly through
this complexation. In contrast, the arsenic oxyanions form stronger bonded inner-sphere
complex with the adsorbents via the ligand exchange mechanism. Therefore, chloride and
sulfate anions could not obvious impact on the As removal by Zr-Mn adsorbent. The greater
influence of the (bi)carbonate anion presence can be explained by not only the formation
inner-sphere complex, but also the stable complex with arsenite, thus enhanced the
mobilization of adsorbed As(I11) (Shan & Tong, 2013). To check the influence of co-existing
on the As adsorption mechanism, the isotherm adsorptions for all type of water were
analyzed. The results demonstrate that Langmuir model fitted the adsorption isotherms data a
little better than Freundlich.

Effect of pH on arsenic removal

The influence of an initial solution pH (from 4 to 10) on removal of As(lll) and As(V)
adsorption onto Zr-Mn was studied, as shown in Figure 6a. Clearly, the arsenic removal was
depending on pH, with increasing the adsorption under acid condition, however the pH
impact is not too big as presented in (Sun et al., 2013), 2 and 4% for As(lll) and As(V),
respectively. The point of zero charge (pHrzc) of Zr-Mn adsorbent was measured as the
difference between initial and final pH value (Figure 6, b).
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Figure 6 Effect of pH on the arsenic removal by Zr-Mn composite adsorbent (a) and change of pH vs initial pH
for determination of ZPC of adsorbent (b) (initial As(111)=45 ug L%, As(V)=65 pg L, with stirring, adsorbent
dosage 0.05 g, duration18 h): (1) As(l11), (2) As(V)

According to the graph, pHezc=7.5 for Zr-Mn adsorbents and, at pH is greater than this
value, the surface are negatively charged and the electrostatic repulsive force between
AsO43- and adsorbent surface raised due to the more negative zeta potential of the adsorbent.
Because As(l11) species have a lower negative charge compared to As(V) in the range of 3-9,
they do not exhibit same repulsion (Sun et al., 2013). Thereby the Zr-Mn composite
adsorbent fabricated in this study with the small dosage of 0.1 g L is able to treat As
contaminated water at initial concentration about 100 ug L™ to WHO required level at a wide
range pH from 4 to 10.

242



Conclusions

Three different types of adsorbents based on ZOH with impurities of Al20s, Fe203 and
Mn3O4 have been synthesized by sol-gel method to remove arsenic from drinking water.
Based on adsorption study without mixing the most effective Z-Mn composite adsorbent was
chosen for further experiments with the optimal dosage 0.05 g. The removal efficiency for
As(V) and As(I1) achieved 95% and 91%, respectively, after 2 hr that satisfies the WHO
requirements, while the adsorption equilibrium for both As(l11) and As(V) was reached just
after 8 hr with arsenic removal rate 96% and 98.5%. The maximum adsorption capacities for
arsenite and arsenate were 1.68 and 2.24 mg g*' from the low concentrated solution
(maximum 0.3 mg L™). The carbonate anion had the greatest effect on arsenic removal but
decreased arsenic removal efficiency not bigger than on 4%. The adsorption of As(lll) and
As(V) by Zr-Mn was effective over a wide pH range of 4-10. These results indicated that Z-
MN composite adsorbent is an attractive adsorbent for the removal both As(l11) and As(V)
from drinking water without any pretreatment.
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Abstract

Presents the development process for water softening in the ion exchange reactor continuous
action, which helps to absorb hardness ions from the water, which cleared, and regeneration
of the sorbent with a minimum energy consumption and reagent consumption.

On the waste ion exchange resin was studied the technology of continuous water treatment, as
a sphere of living the aquatic organisms in the recirculating water.

AHHOTALUSA

Pa3zpaboTana T€XHOJOTHSI U CO3/aH amnapar yMSArdeHus U OUYUCTKH BOJAbI B MOHOOOMEHHOM
pEaKTope HENpepbIBHOTO JEHCTBHS, KOTOPHIM OJHOBPEMEHHO COBMEILAET IPOLECCH
BOJIOOYHCTKH Y pPEreHepaluy copoeHTa ¢ MUHUMAJIbHBIM NOTPE0ICHNEM SHEPIUH U peareHTa
JUISL pereHepallMOHHON OYMCTKH MOHOOOMEHHOU cMoibl. Ha oTpaboTaHHON MOHOOOMEHHOM
CMOJIE M3Yy4€HA TEXHOJOIMs HENpPEPbIBHOW BOAOMOATOTOBKH 3aMKHYTOIO BOJ000OPOTHOTIO
LUKJIA, KaK Cepbl )KU3HN BOJHBIX OPraHU3MOB.

Keywords: the ion exchange unit, filter, hardness, water, purification.
Introduction

The ion exchange unit of the type design is a cylindrical vessel, which has a water supply
system, which is purified and the regenerate solution , which consists of a the stationary layer
of the adsorbent (the ion exchange resin), through it occurs the movement of liquid. The usual
technological task - to reduce the content of hardness salts from 10-15 mg-eq/dm’ to
0.1-0.01 mg-eq/dm?. The main disadvantage of the sorption of ions in that apparatus is the
formation in the stationary layers of resin the parasitic channels, through which the process
fluid moves with the lowest hydraulic losses. This leads to the premature breakthrough of
ions, that quickly leads to the necessity of regeneration of the ion exchange resins, which, in
its turn, causes an additional stasis unit and high consumption of the regenerating agent.
Suspended solids, mechanical impurities, which are present in the initial process liquid, in
case of contact with the resin, contaminate the filter layer, which leads to an increase of the
hydraulic resistance and disturbance of sorption - desorption of ions; using the periodic
regeneration process does not allow to use all the exchange capacity of ion exchange resins.
With a high content of calcium ions there are conditions of colmatation.

To stop that, it has been proposed the structure of an ion-exchange apparatus with moving
bed of ion exchange resin.

Description of the technological scheme

The fundamental unit the ion exchange filter is shown in Figure 1.
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The action of the ion exchange filter is, that the process liquid, which is to be cleaned
flows into the distribution manifold 5 through the inlet pipe 12, then into the upper working
layer of sorbent 4, where there is the sorption of hardness ions by the ion-exchange material.
The working layer of sorbent 4 moves toward the movement of process liquid, regenerated
sorbent falls down on the working layer of sorbent from the labyrinth channel 3. The waste of
sorbent flows into the zone of sorbent regeneration 16. Water, which cleared from the
hardness salts supplied for the appointment through the drain connection 15. The regenerating
solution is fed through the inlet pipe 11, which enters into the zone of regeneration through
the distribution manifold 6. The regenerated sorbent is supplied into the drainage glass 13
with the help of the airlift 19, the liquid, which contains the desorbed ions and mechanical
impurities, is reset into the sewer through the drainage pipes 9,10. The grid of the drainage
glass 14 serves to separate the solids and solutions, which contain the desorbed hardness ions.
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Figure 1 The scheme of device of the ion-exchange filter.

The dewatered sorbent mass falls out over the edge of the drainage glass 13 and falls
down into the labyrinth channel 3 and as the liquid level in the washing unit below the liquid
level in the filter, then do the washing of sorbent by the purified liquid. The drainage liquid,
which was obtained - released through the drainage pipe 11. Difference of levels performed
with the help of branch pipes 9,10,11. In this way, occurs the countercurrent washing process
of the regenerated sorbent in the labyrinth channel 3 and then it goes to the upper part of the
working layer of the sorbent. In this way, there is a process of simultaneous countercurrent
sorption of hardness ions from the process liquid and regeneration of the sorbent and
removing the mechanical impurities, which can be in the process liquid.

The basic geometric dimensions of the filter: total height -1 m; the inner diameter of the
body - 0.145 m; the height of the working layer of sorbent - 0.45 m.
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Methods

During the researches, to determine the total hardness has been used the standard
Complexometric method, which based on using the Trilon B.

Results and Discussion

For research it has been used the strong acid cationite of brand KU-2-8, as the
regenerating solutions used the solutions with different technical concentrations of calcium
chloride. The hardness of water (was used the tap water) generally was 4.0-4.2 mEq/dm?. The
total maximum flow rate of water was 3,910 m?/s(140dm?/h). The water temperature,
which was applied was 15C°. The total exchange capacity of cationit KU-2-8 was
2.72 mEq/g. The performance of the airlift (for resin) was 200 cm?®/min.
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Figure 2 Change of the rigidity of purified water "Y" (mEq/dm?) from time «t» (hour).

Figure 2 shows a graph of the hardness of treated water from the time of experiment .As
these graphs show, that the time of transition of the filter to the stationary regime is
approximately 2-3 hours.

Obtained data allow us to conclude, that the proposed construction of the ion-exchange
filter allows to get the softened water with residual stiffness not more than 0,1 mEq/dm?, that
provides the simultaneous sorption of hardness ions and the process of regeneration of the
resins.

Based on these data we can say, that the use of the ion-exchange filter of continuous
action, allows to use all the exchange capacity of the ion exchange resin; in a moving bed of
sorbent is impossible the formation of parasitic channels, through which the adsorbed ions
skips; mechanical impurities, that is, in purified water, that removed with a constant washing
of the resin in the labyrinth channel, which eliminates their accumulation in the resin layer,
and this leads to a reduction and stabilization of hydraulic resistance; the constant dosage of
regenerating solution minimizes the amount of reagent; constancy of concentration gradient
of the reagent removes sudden changes in concentrations, that minimizes the osmotic impact
on grain of cationite, which reduces the number of flawed pellets.
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Problems and their solutions

Importance of decision the problem of obtaining food protein of animal origin, in
necessary quantity, for modern society is not in doubt. The most high-quality food animal
protein, from the point of view of science like dietology, provide the water organisms. The
growth of catching them in the seas and oceans, and other natural waters is almost exhausted.
The intensive increasing production of fish, molluscs, leatherback turtles and other aquatic
organisms can only be in systems of recirculation of (RAS).

The Chinese firm “Zhejiang Tianlong Biologic Engineering Co.”, Ltd (Jiaxing city)
during the visit of Ukrainian delegation to China briefed our staff with specific difficulties of
growing the Leatherback turtle in artificial conditions.

It was necessary to solve the following problems:

- reducing the contaminants of source of water;

- Reducing the cost of fuel for heating the additional water;

- Reduce heat loss due to the return of warm water of basins;

- Minimization of release of water with complete prevent loss on living organisms.

To solve these problems was signed the agreement about scientific and technical
cooperation. Were carried out the complex research by the Ukrainian side, which were
focused at solving these problems. They are interrelated in the terms of life of living
organisms in UZV. As the modeling of life of aquatic organisms was used an ordinary carp
and a catfish. Based on these studies we got the data, that allow you to create the block system
of water treatment and water purification, almost without blowdown. When using the biofilter
and filter elements, then there is the minimization of the number of toxic compounds, which
come from the water. The heating of the initial water to the working temperature proposed to
take place in the devices of cavitation, that reduce energy consumption of heating to 15-17%.

The most responsible was the research, which is associated with the minimization of the
volume of "Purging" (water), with high-quality water purification in the cycle and receiving
comfortable conditions for the existence of aquatic organisms. As the commercial
requirements tell carry out a high density of landing of turtle in the conditions of UZV, that is
the question of purification of process water of the pool from the mechanical toxic impurities
(rests of a forage, waste products of the Leatherback turtle) and chemical contaminants, first
of all, nitrogen compounds (ammonium ion). Were developed and patented the new
equipment and water treatment technology from these contaminants, which led to a minimum
consumption of fresh water, which must be cleaned and heated.
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Figure 3 Exterior view "Biosphere-500V" Figure 4 Aquatic Organisms in "Biosphere-500V"

The Ukrainian side has developed two pilot plants of close water supply "Biosphere-
300A" and "Biosphere-500V". Figures 3 and 4 show the "Biosphere-500V" and figures 5, 6
show "Biosphere-300A".

The technological scheme for the installation of "Biosphere-300A" included a sump with
special design and the biofilter - sand filter, which regenerated. The volume of "Biosphere-
300A" was 300 dm?. The Initial stocking density of fish 5%.

In the installation of "Biosphere-500V" the biofilter is equipped with an air airlift, with
device for ozonation. The initial stocking density of fish in the plants - 3%. As food was the
special forage, the basis of which - recycling wheat, other cereals and supplements.

Figure5S Exteriorview of "Biosphere-300V" Figure 6 Aquatic Organisms in "Biosphere 300V
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Figure 7 Change of concentration of ammonia nitrogen CsNH4 (mg/dm?) and nitrate nitrogen CgNO; (mg/dm?)

from time t (day) "Biosphere-300A".
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Figure 8 Change of concentration of ammonia nitrogen CgNH4 (mg/dm?) and nitrate nitrogen CgNO; (mg/dm?)
from time t (d) in the "Biosphere-500V".
The experiment, which lasted for many months, it was shown, that the developed
construction of UZV allows you to perform the task of intensive co-cultivation of common
of change of concentration of

carp and catfish. The figures 7 and 8 shows the graphs
ammonium and nitrate nitrogen from time in "Biosphere-300A" and "Biosphere-500B",

respectively.
On the 80th day the ammonium nitrate has been added into the both systems to obtain

information about the speed of recycling a harmful concentration of ammonia nitrogen by
microorganisms, which live in the biofilm. As seen from the graphs, both systems are
transferred ammonium nitrate to nitrogen almost for ten days and then, over the next ten days,
nitric nitrogen was removed from the habitat of aquatic organisms. "Biosphere -300A"

showed a great efficiency of transformation higher concentrations of toxic substances.

Conclusions
Based on these data, it was developed the technology of joint cultivation of carp, catfish

and other aquatic organisms in the UZV with high technical and economic indicators.
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The Ukrainian side, after two years, is ready to continue cooperation with Zhejiang
Tianlong Biologic Engineering Co., Ltd. for the implementation of the technology both in
Ukraine and in the Republic of China.
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Abstract

Mineral P reserves are dropping down and probably will be over within next 30-50 years. Thus,
phosphates are becoming a scarce resource. At the same time, domestic wastewater contains a
large amount of phosphates. These phosphates can be removed during the coagulation water
treatment. Therefore, coagulated sludge contains phosphorous which can be reused as a
fertilizer. The aim of this research is to increase the plants availability of phosphorus (PAP) by
trying various combinations of organic and inorganic coagulants for wastewater treatment
process. It will help to document the mechanisms and to suggest practical dosing combinations.
For this purpose the jars test was carried out with two types of aluminum coagulants (AIS and
PAX-18), as well as the plant growth experiment with wheat and achieved coagulated sludge.
The influence of adding organic polymer simultaneously with AIS on the PAP was also studied.

Keywords: Wastewater treatment, coagulation, sludge, nutrients, phosphorous, plant availability of
phosphates (PAP), biomass allocation.

Introduction

In the wastewater treatment, after coagulation, sludge — is produced. Due to the high
phosphorous content in coagulated sludge, the most profitable way of its utilization is to use it
as a fertilizer. Studies indicate that Al and Fe hydroxides are strong adsorbents of soil P. For
example, experiments with sludge, obtained by coagulation water treatment using aluminum
coagulants conducted in Harwood Mill, Newport, United States indicate that growth rate of
lawn grass using alum sludge decreases. This took place due to binding phosphorous in soil
with aluminum or toxic effects of aluminum or heavy metals (Lucas et al., 1994).

Michael Kyle and Samuel McClintock studied few different types of sludge: Al sludge, Fe
sludge, BPR sludge. The test’s results show that the BPR sludge had the highest level of
available P among them, and ranked the sludges Al < Fe < BPR. The chemical sludge values
were very similar to each other and were much lower than the results of the nonchemical sludge
and fertilizer (Kyle et al., 1995).

In Norway, more than 70% of wastewater is treated using coagulation and over 85 % of
wastewater sludge is used in agriculture. The problem of using coagulated sludge as a fertilizer
is that not all phosphorous is available for plans. Thus, despite farmers are not paying for sludge
today, this may reduce their willingness to accept even free sludge. That is why it is important
to improve plant availability of phosphates and by this to increase its value.

For increasing the PAP it is important to understand the mechanism of coagulation. During
coagulation particles are assumed to be removed both by the adsorption — charge neutralization
and sweep floc mechanisms. However, when coagulating with low basicity (OH/Me low)
coagulants, the dominant mechanism for particle removal is suggested to be the sweep floc
mechanism, while when the coagulants with high basicity are used, particles are removed
dominantly by the adsorption — charge neutralization mechanism. An increasing OH/Al ratio
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of aluminium coagulants positively influences particle removal in domestic wastewater
treatment. The OH/Al ratio of the coagulants influences the mechanisms of phosphate removal
as well. When the OH/ Al ratio of the coagulant is low, phosphates are removed predominantly
by the initial formation of negatively charged aluminium - hydroxo - phosphate complexes.
When the OH/AI ratio of the coagulant is high, less phosphate is removed, and the dominant
mechanism is suggested to be the adsorption of phosphate ions on to the hydrolysis products
(Ratnaweera et al., 1992).

Speaking of plants availability of phosphates, phosphorus is absorbed by plant roots from
the soil solution. That is why, while using coagulated sludge as a fertilizer, plants availability
of phosphates is related to the solubility of phosphates. Such factor as P-fixation affects PAP a
lot. P-fixation is a term that is used to describe both P-sorption and P-precipitation. Phosphate
precipitation is a process in which phosphorus reacts with another substance to form a solid
mineral. In contrast, dissolution of phosphate minerals occurs when the mineral dissolves and
releases phosphorus. Precipitation and dissolution reactions greatly influence the availability
of phosphate in the soil. Since both P-sorption and P-precipitation reduce phosphorus
availability, sludge with a great P-fixation capacity has less available phosphorus than sludge
with a low P-fixation capacity.

Experimental design

Different types of wastewater were analyzed for phosphorous content during the planning
stage. It was decided to choose wastewater from Drgbak WWTP.

Two different aluminum coagulants with different OH/Al ratio (0 and 1.2 respectively — AlS
and Pax-18) were tested. Two aluminum doses and two different water types were tried.
Moreover it was planned to make one experiment with a combination of AlS (2 doses) and
polymer SNF FO 4350 (1g/1 solution) on one type of water in order to study the influence of
adding organic polymer simultaneously with coagulant on the PAP. Coagulant doses were
selected based on the optimal dose (d1 = 0.25 mmol Al/l) and excessive dosage of coagulant
(d2 = 0.37 mmol Al/l). In the experiments with the polymer, were used the same dosages of
AIS and was added 1 ml/l of polymer 4350. As control experiments, it was decided to grow
plants with a balanced nutrient solution with phosphorus; nutrient solution without phosphorus
and without adding any nutrients. Received experimental design is shown in Fig. 1.

1*t type of water 24 type of water
(TP=4, OP=3,36 mg P/1) (TP=8, OP=6,18 mg P/1)
AlS PAX-18 AlS PAX-18 AlS +Poly
0,25 0,37 0,25 0,37 0,37 0,37 0,37
mmol/l mmol/l mmol/l mmol/l mmol/l mmol/l mmol/l
025 0.25 0,25
mmol/l mmol/l mmol/l

Figure 1. Plan of the experiment.
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Methods, equipment and procedures

The content of total phosphorus in water from Drobak WWTP was 1.4 mg P/I. To create
two different types of water with total phosphorus content 4 mg P/l and 8 mg P/l K:2HPO4 was
used.

Sludge collection and analysis. The coagulation process was carried out with the use of
jars test unit and such a conditions: fast mixing mode — 30 seconds, slow mixing mode — 10
minutes, sedimentation — 30 minutes. After coagulation, sludge was separated by decanting.
Then it was analyzed for total phosphorous content using Phosphate (ortho / total) cuvette test
2.0 —20.0 mg/l PO4-P of Hach Lange.

It is important to note that for the equal conditions for growing plants, it is necessary to put
the same amount of all nutrients in every pot. The amount of phosphorus, which was put in
each pot, is 3 mg. Therefore, based on the data of total phosphorus content in the sludge samples
(mg/ml), the amount of sludge, which must be added to each pot was calculated.

The analysis of Al content of sludge, which was obtained with and without addition of
polymer was made with the use of Aluminum, Aluminon Method 8012-Powder Pillows - Hach
Lange.

Preparation of nutrients solutions. For the reference, the nutrient solution with
phosphorous was prepared with a ratio of N: P: K:Mg:Ca=1:2:4:0.65:0.8. For this
were used KoHPO4, (NH4)2SO4, MgClz - 6H20 and CaClz - 6H20. In addition, the nutrient
solution without phosphorus which retains the all other nutrients at the same level was prepared
using the following salts: KI, (NH4)2SO4, MgClz - 6H20 and CaCl: - 6H20. pH of nutrient
solutions is kept at 6.5.

Plants growth experiment. Plants growth experiment was carried out with wheat. All
samples of plants were grown in three parallels.

Before germination, seeds of wheat were sterilized with 1% chlorine solution for 5 minutes,
then — carefully washed with autoclaved water. Seeds were germinated for 24 hours in
autoclaved water. At the same time, each portion of coagulated sludge was treated with the
microwave for 4 minutes (900 W). Such sterilization measures are provided in order to prevent
the fungi growth.

For the plant growth experiment the hydroponics method was chosen. For its realization
were used plastic box (10 x 10 cm). In order to create drainage the holes were made in all
boxes.

After germination, in each box was placed a tissue to detain water and 40 g of seeds. Then
the calculated amount of sludge and nutrient solution without phosphorus was placed to the
boxes. With the use of conductivity meter, the conductivity value of sludge-solution mixture
was controlled. This value was maintained at the level of 1000 — 1100 pS/cm. If conductivity
of the mixture was too high the autoclaved water was added.

For the references, after putting seeds into the boxes, the solution of nutrients with
phosphorus (needed amount for adding 3 mg of phosphorus in each box) / nutrient solution
without phosphorus / autoclaved water were added.

Thus, was achieved the same amount of nutrients in each box (except the last two
references), where the only discrepancy was the source of phosphorus.

Growing of plants was carried out for 12 days in a greenhouse with the following conditions:
lighting from 8:00 to 22:00 (temperature 22 °C), unlightened period from 22:00 to 8:00
(temperature 16 °C). Irrigation was made by autoclaved water three times a day every 4.5 hours
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during the first 5 days, and four times a day every 3.5 hours during the next 7 days. This
irrigation was carried out using a spray. In each box was added the same amount of water to
create an equal conditions.

Since 4 days of growth, every day at the same time were made the measurements of samples

height and plant growth rate was calculated by the formula:

GR = Hpjant/Hreference * 100,
where GR - growth rate, %; Hpjane— the height of the sample, cm; Hyeference— the average
height of the main reference, cm.

Definition of biomass allocation. In addition to growth rate calculation the distribution of
plant’s biomass between the root and shoot was determined. For this purpose, after the end of
experiment, from each box were taken 20 plants, preserving the integrity of their roots and
stems. The separation of roots and shoots was carried out. Then both roots and shoots were
placed in the drying cabinet at 110 °C, where they were dried to a constant weight. Distribution
of biomass was calculated by the formula:

R: S = Myots/Mghootss
where R:S — roots/shoots ratio; mygqs— dry weight of roots, g; Mgpeets— dry weight of
shoots, g.
Analysis of the value of biomass allocation determined how does the phosphorus source
affects the development of roots and stems of wheat.

Results and discussions

According to the above plan of the experiment, the plants were growth and analyzed. Fig. 2
presents the growth rate of all plants depends on the aluminum dose, coagulant type and type
of water at the 12" day of the experiment.

Growth rate,%
100.0

95,0

90.0

85,0 % |,

80,0 <

K[ 2O

AL dose,
75,0 mmol/1
0.240,250.26 0,27 0,28 0,29 0,300,310,32 0,33 0,34 0,350,36 0,37 0,38

< ALS OP=3.36 KPAX-18 OP=3.36 A ALS OP=6.18
O PAX-18 OP=6.18 +ALS +Poly OP=6,18

Figure 2. Dependence of the growth rate from the dose of aluminum, coagulant type and water type.

As it is seen from the graph, the deviations of growth rate values of wheat between each
three parallel experiments are insignificant. This demonstrates the adequacy of the results.
Therefore, for making next figures the average values of plants height between three parallel
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experiments were used. Fig. 3 (a, b) shows the results of determining the influence of aluminum
coagulant’s with different (OH/ALl) ratios on PAP availability of coagulated sludge.

Heigh,sm

S = W s Lt Y ] 0 WO

0 4 6 7 8 9 10 11 12

mALS d2 mPAX-18 d2 HALSd] mPAX-18dl
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Figure 3. Height of wheat depending on the coagulant dose and type of water for each day of the experiment:
a) Orthophosphates content in water 3,36 mg P/l;
b) Orthophosphates content in water 6,18 mg P/1.

From the graphs, it is clear that with the use PAX-18 as a coagulant wheat is growing better
comparing to AlS use. In addition, a smaller dose of coagulant during water treatment is added,
there is a more intensive growth. This is fully consistent with the expected results.

Moreover, it should be noted that while using the same doses of AlS with an increase of raw
water orthophosphates content — growth rate increases. At the time when the PAX-18 is used,
growth rate with both types of raw water showed the same results.

To study the impact of the polymer addition simultaneously with coagulant during the
coagulation Fig. 4 is shown.
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Figure 4. The dynamics of the wheat growth with the use of sludge obtained by coagulation with AlS with and
without addition of polymer 4350 when the content of orthophosphates in water is 6,18 mg/1.

It can be concluded, that the addition of polymer increase the growth of wheat, compared
with the only use of coagulant. Moreover, it should be noted that by the addition of polymer
we can obtain even better results comparing to PAX-18 without polymer. It can be concluded
comparing figure 3b and 4. This means that the addition of polymer increase PAP significantly.

The plant availability of phosphates cannot be measured only by height of the plants and
growth rate. Because these plants can have weak roots, which adversely affects the
development of plants, despite its rapid growth. Therefore, we analyzed the biomass allocation
between the root and the shoots of each sample. Fig. 5 shows the results of this analysis.

R:S
1,10
1,05
1,00
0.95
0,90
0,85
0,80
0.75
0,70 L 4
0,65 ‘

0.60 | oP,
3 3.5 4 45 5 5.5 6 6.5 7 mg P/l

| 2 24144

* ALSdl A ALSd2 ¢ PAX-18dl
A PAX-18d2 © ALS d1+4350 & ALS d2+4350
Nut. Sol. witout P e Nut. Sol. with P Without any nutrients

Figure 5. Biomass allocation of plants between the root and stem depending on the conditions of coagulation.
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Thus, the samples of wheat, which were grown without adding any nutrients and those to
which was added the nutrient solution with phosphorus, have the highest roots-shoots ratio.
First of all, it indicates a good balance of nutrients in the solution. Secondly, these samples
have normally developed strong roots. Those samples which were grown with the nutrient
solution without phosphorus have the lowest roots-shoots ratio. It is explained by a lack of
phosphorus, which is not only reflected in the growth rate of shoots, but also adversely affected
the development of the root.

As for those samples that were grown with the addition of sludge as a source of phosphorus,
the roots-shoots ratio is much lower than the normal value. This indicates that the part of
phosphorous is unavailable for plants. Moreover, the use of a polymer with coagulant increases
the roots-shoots ratio.

Additional analysis of aluminum content in sludge, which was obtained during coagulation
with and without polymer addition, shows that:

- when polymer addition, Al/P ratio of coagulated sludge is 0,1367;
- without polymer addition, Al/P ratio of coagulated sludge is 0,1067.

This data is hard to explain because the mechanism of polymer reaction is not well studied
yet. It can be suggested that polymer bonds more aluminum during coagulation and flocs that
are produced are bigger and stronger. Due to that more phosphorous can be removed by
adsorption of phosphate ions on flocs surface. And this phosphorous is more available because
it is adsorbed but it’s not bonded with aluminum. That’s why PAP is higher comparing to the
sludge without polymer.

Conclusions

It was planned and conducted an experiment for improving the plant availability of
phosphorus from coagulated sludge, by trying different doses of AIS and PAX-18. The
influence of OH/AI ratio of coagulant on PAP was studied. When PAX-18 is used as a
coagulant the PAP is higher comparing to ALS due to higher OH/Al ratio.

At the same time it was made a research of influence of adding polymer simultaneously with
AIS during the process of wastewater treatment may increase the PAP. The results show that
the sludge by the level of available phosphorous is ranked AlS < PAX-18 < AlIS+Poly.

There is also a relationship between the dose of coagulant and availability of phosphorus
for plants: the smaller the dose — the greater availability of phosphorus. This can be explained
that when adding less Al to wastewater — less phosphorus is binding by P-Al bond, which is
very hard to break.

Recommendation for further research

It is proposed in the future to make more accurate and detailed experimental design based
on the problems that occurred during this work, and perform research with larger number of
coagulants and their combinations with different polymers. The experiment with aluminum
coagulants with different OH/Al ratio will allow to understand the influence of OH/Al ratio of
coagulant on PAP availability of coagulated sludge. Moreover, it is important to try ferric
coagulants as well.

In order to determine the plants availability of phosphorus in sludge, obtained by
coagulation treatment of domestic wastewater, it is necessary to conduct additional analysis of
main nutrients (N, P, K) content of wheat samples. This will allow to determine how much
phosphorous was available for plants.
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It is also important to make a longer experiment to see the prolonged influence of sludge
as a source of phosphorous on plants. Furthermore, it is necessary to study the influence of
different types of sludge’s treatment (dewatering, heating etc.) on sludge’s properties as a
fertilizer.
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AHHOTAIHS

B Hacrosmuit MOMEHT 3anacbkl MUHEPaIBHOTO (hocdopa yMEHBIIAIOTCS U OYAyT HCYESPIIaHbI B
ommxaitme 30-50 net. Takum o6pazom, Gochop cTaHOBUTCS ASPUITUTHBIM pecypcoM. B To
e caMoe BpeMs B OBITOBBIX CTOYHBIX BOJIAX COJEPKUTCS 00JIbIIOE KOIUYECTBO (hocharTos.
OHM MOTYT OBbITH yJaJeHbl C MOMOLIBIO Mpolecca Koaryssiuuu. [Toaromy, oOpa3zoBaBumiics
0CajloK, 11eJ1eco00pa3HO HCIONB30BaTh B  KadecTBe yaoOpenus. Llenapto manHOTO
WCCIICJIOBAHMS SIBJISIETCSI yBEJIMUYEHHE JOCTYMHOCTH (hocdopa B ocajke, 3a cUET MOJ00pa
pa3nUYHBIX KOMOMHAIWK OpPraHMYECKMX W HEOPraHWYECKHWX KOaryJIsiHTOB B TpOIEcce
BOJIOOYHCTKH. bBBUT TpoOBeAeH pKap-TecT C JABYMS Pa3IHMYHBIMH  QIOMHHHEBBIMU
koaryimsiutaMmu  (ALS u PAX-18) u BblpamuBaHue MIIEHHULBI C HMCIOJb30BAaHUEM
HOJIyYeHHOTO OcaJka B KadecTBe yamoOpeHus. Tak »xe OBUIO HMCCIEIOBAHO BIHMSHUE
N00aBJIEHUsT OPraHMYECKOro MojuMmepa ogHoBpeMeHHo ¢ ALS Ha moctymHOCTh ocdopa
pacTeHHsIM U3 OCAIKOB.

KuiroueBble cjI0Ba: OYMCTKA CTOYHBIX BOJ, KOAryJISIHs, OCAIOK, MUTATEIbHBIC BellecTBa, Gochop,
JOCTYITHOCTB (hocopa pacTeHusIM, pacrpeieieHue OHOMAacChl.

BBenenue B nmpodsiemy

ITpu oumnctke BOaBI 0Opa3yeTcs OrpOMHOE KOJMYECTBO NuIama. biaromapsi BEICOKOMY
coziepkanuio ocdopa B CKOAryJIMPOBAHHOM OCajKe, HauOoJee BBITOIHBIM CIIOCOOOM €ro
YTWIM3AaUU SBISIETCS HCIONB30BAaHUE OCanka B KadecTBe ynoOpenus. KoHmeHTparms
OpPTaHMYECKUX BEIIECTB B CyXOM BECE WIPACT BAXKHYIO POJIb JUISI TIPUMEHEHHUS OCajKa B
CEJIbCKOM XO3SHCTBE.

UccnenoBanusi mokaspiBaroT, uto THApokcuiasl Al u  Fe sBisioTcs CHIBHBIMU
ancopbentamu Qochopa u3 mousbl. Hampumep, 3KCIEpUMEHTBI CO MIIAMOM, MOJYyYEHHBIM
MyTeM KOaryJISIUOHHOW OYHMCTKH BOJABl C MPHMCHECHHEM AIOMUHHUEBBIX KOATYJISHTOB,
nposeneHable B XapBya Mumn, Hetommopt, CIIIA, moka3siBaroT, 4TO TEMIT pOCTa Ta30HHOM
TpaBbl MPHU HCIOJB30BAHUU IIJIaMa — YMEHBIIACTCSA. DTO MPOUCXOJUT 3a CUET CBI3bIBAHHS
(dochopa B MmouBe C ATIOMUHHEM WM JKE 32 CYCT TOKCHYECKOro 3(pdexTa aqroMUHHUS U
TSDKEITBIX MeTajuioB [1].

B cBoro ouepenp Maiiki Kain u Camiosias MakKiMHTOK M3ydanu HECKOJIBKO pa3IMiHbIX
TUTIOB OCaJIKa: AJIFOMHHHUEBBIN, >KEJIC3HBIM, IIJIaM OHOJIOTMYECKOW OYUCTKU. Pe3ynbTarhl
TECTa IMOKAa3bIBAIOT, YTO IIJIaM OMOJOTHYECKOW OYMCTKH HMMEJ CaMblii BBICOKUH YPOBEHD
noctymHoro ¢ocdopa. [Ipu 3ToM ypoBeHs gocTynHOro Gocdopa yBennauBaercs B psay Al <
Fe < mmam Owmosjormyeckod OYHCTKHA. 3HAYEHHUS NOCTYMHOCTH (ocopa B XHUMHUIECKOM
ocazke ObUIM OYEHb MOXOXKH JPYT Ha JApyra M ObUIM 3HAUUTENIBHO HUXKE, YeM 3HaueHHe
JnocTynHocTH Gocdopa B 6e3peareHTHOM IIame B ya100peHud [2].
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B Hopseruu 6onee 70 % cTOYHBIX BOJ OYHMIIAIOT C OMOIIBIO Koaryasiuu u 6onee 85 %
oOpasyronierocss OcajKka HCIOIb3YEeTCsl B CEIbCKOM XosstiictBe. [Ipu sToM mpobremoit
UCTIOJIG30BAaHMS IIJJaMa SBJISAETCS TO, YTO HE Bech (ocop MOCTymeH sl yCBOCHHS
pactenusimu. M1 HecMOTpst Ha TO, 4TO (hepMepbl MOTYHAOT 0CAJOK OECIIaTHO, ITO MOKET
YMEHBIIUTh MX >KEJIaHHWE HCIONb30BaTh €ro. VIMEHHO MO3TOMY HEOOXOAMMO YIIyYIIUTh
JOCTynHOCThH (pocopa pacTeHHsIM M TaKUM O0pa3oM YBEJIMUYUThH €ro 3HAUYC€HHE B KayecTBE
ya0OpeHwus.

Jnst yBenmMueHusI TOCTYIHOCTH Gochopa HEOOXOMMO TIOHIMATh MEXaHU3M €0 yIAIeHUs
npu Koaryysinud. Bo Bpemsi Koaryssiuu 4acTULbl TPEANOI0KUTENbHO YAAISIOTCS KakK 10
MEXaHHU3MY aJICOPOLMHU - 3apsIHON HEHTpanu3auu, Tak U M0 MEXaHU3MY CIHUIAHUS YACTHII.
Koraa ncnonb3yeTcst KoaryJissHT ¢ HU3KOM OCHOBHOCTBIO, TO JOMHUHUPYIOIIUM MEXaHU3MOM
SBJISICTCS MEXAaHU3M CIIUIIAHMsI, B TO BpeMsl KaK Mpu J00aBJICHUM KOAryJISIHTOB C BBICOKOM
OCHOBHOCTBIO — JIOMUHUPYIOIIUM MEXaHU3MOM SIBJII€TCS. MEXaHU3M a/IcOpOLUU - 3apsiiHON
HENUTpanu3aluu.

VBemmuenue otHomeHust OH/Al anroMHHHEBBIX KOAryJsiHTOB IO3WTHBHO BIHSIET Ha
y/laJIeHue B3BEIICHHBIX BEIIECTB IPU OYMUCTKE OBITOBBIX CTOYHBIX BOJ. DTO COOTHOIICHHE
TakK e BIMAET Ha MexaHu3M ynaneHus ¢gocdaron. Koraga otHomenune OH/Al B koarynsiHTax
HU3K0e, TO ¢ochaTbl B OCHOBHOM YJAAISIOTCA Ojarojiaps HadalbHOMY OOpa30BaHUIO
OTPHULIATENILHO  3apsUKEHHBIX — alOMO-TUApOoKco-hocdaTHbix  koMiuiekcoB. Kornma ke
orHomienne OH/Al B koaryssitHTax BBICOKOE, TO CTEIEHb yaneHus GocdaroB yMeHbIIaeTCs
U YJAIAIOTCS OHM B OCHOBHOM Omarojapsi ajacopomumu (ocdar-noHOB Ha MPOIyKTaxX
ruaponusa [3].

Uro no pocrymHoctu docdopa pacrenusivm, To ¢ocdop aacopOupyercss KOpHIMH
pacTeHMil W3 TMOYBEHHOro pacTBopa. lIMeHHO TOATOMy, TIpH  HCIIOJIb30BAHUU
CKOAryJIMPOBAHHOTO OCa3JIKa B KauyecTBE YJOOpEHHUs JOCTYIMHOCTH (ocdopa 3aBUCHT OT
pactBopumoctu (ocdaros. Takoit dakrop kak dukcamnms pochopa Takke CUIBHO BIUSET HA
ero poctynHocTh. ®Dukcanus docdopa — 3TO TEPMHUH, KOTOPHIM MOXKHO OIUCATH Kak
agcopOuuio gocdopa, Tak U €ro OocakAcHHE (MHHEPAIM3AIUIO TIPU PEAKIHUUA C JAPYTHMHU
BenlecTBamu). Tak kak u ajcopouus ¢ocdopa, u mMuHepanuzanus (ochopa yMEHBIIAIOT
JOCTYITHOCTH (hocdopa, To 0cazok ¢ OOIBIION BOZMOKHOCTHIO K (prukcamun pochopa nmeeT
MAaITy0 IOCTYITHOCTB €T0 JJIsl pACTeHUI 1 HA000POT.

Ilnan 3xkcnepuMeHTa

PaznuuHble THNBI CTOYHBIX BOJ ObUIM INPOAHAIM3UPOBAHbBl HA CTAIUM IJIAHUPOBAHMS
JKCIIEPUMEHTA. bbIo pemieHo paboTaTh ¢ peaibHOM CTOYHOM BOJOH CO CTAHIUU OYHMCTKH
CTOYHBIX BOJ ropoja J[pébak. [Ipu 3TOM Ha ee OCHOBE MPUTOTABIMBAIOCH JIBA THITA BOJBI C
pasHbIM cojiepkanueM (hochaTos.

bbuto BeIOpaHO /1Ba alrOMMHHUEBBIX KoaryisHTa ¢ paziuuHbiMu OH/Al oTHomeHusmu —
AIS m PAX-18. OnpoboBanbl aBe pa3Hble JO3bl KOAryJIsHTOB. Takke ObLIT CIIAHMPOBAH
9KCHEPUMEHT ISl IPOBEPKH BIUSHHS 100ABJICHUS OJIMMEPa OJHOBPEMEHHO C KOAryJIsTHTOM
Ha JOCTYHnHOCTH (ochopa. s 3Toro 6bu1 mpoBesieH IKCepuMenT ¢ AlS (¢ 1Bymst go3amu)
Ha OJIHOM THIIE BOALI ¢ fo0aBnenuem nomumepa SNF FO 4350 (1r/am?).

Jo3bl KoarynsiHTa ObUIM BBIOpaHBI OTTAIKHBASCH OT onTHUManbHOW mo3bl (dl = 0,25
mmoib Al/nv®) u u36brounoit no3el (d2 = 0,37 mmons Al/gm®). B skcmepumenTax ¢
MOJIMMEPOM HCHOJIB30BAINCH TE K€ caMble J03bl KoaryisHra, a noiaumep SNF FO 4350
noGassics u3 pacdera 1 cv®/mv?.
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B kauecTBe KOHTPOJIBHBIX OIBITOB OBUIO TPHHSATO PELICHUE BBIPAIIMBATH PACTEHHS C
WCTIONB30BaHUEM PACTBOPA HYTPHUEHTOB ¢ GocopoM; pacTBopa HyTpueHTOB Oe3 docdopa u
0e3 mo0aBNIeHU KaKuX-IMO0O0 HYyTPHEHTOB. [Ipu BeIpamumBaHWu pacTeHU OBUIO TPOBENEHO
M0 TPH TAPaJUIETBHBIX SKCIEPUMEHTA I KaKIOTO THIA OCaIKa W KOHTPOJBHBIX OMBITOB,
JUTSL TIOJTyYSHHSI aJIeKBATHBIX pe3yJbTaToB. [loydeHHBI TIaH SKCIIEpUMEHTa TMPUBEICH Ha
pucyHke 1.

1 THII BOJIEI 2 THII BOJEL

(TP=4, OP=3_36 mr P/nn?) (TP=8, OP=6,18 Mr P/m)

AlS PAX-18 AlS PAX-18 AlS +Poly
0,25 0,37 0,25 0,37 0,37 0,37 0,37
MMOTH/ M3 MMOTB/ M3 MMOIB/In MMOIB/AM? MMOIB/ M3 MMOJIB/ M3 MMOJIE/In3

025 0,25 0.25
MMOIB/ I3 MMOIB/ a3 MMOIB/ I3

TP — o6miee conepxkanne pochopa; OP — conepxkanne oprodocdaros.

Pucynoxk 1. [1nan sxkcniepumeHnra.

MeToagoJiorust npoBeaACHUsA uccjaeI0BaHuH

O6mee conepkanne ¢(ochopa B BOme € CTAHIUM BOJOOYHCTKM roponxa Jpébak
coctaisuio 1,4 mr P/nuv. Jlist mostydeHust ABYX pasHbIX THIIOB BOJBI C OOLIUM COJEPKAHUEM
dochopa 4 mr P/num3 u 8 mr P/am? ucnonszosancs KaHPOs.

Haxomnuienue ocajka u ero anaiaus. [Ipouecc koaryasiuu mpoBOAMIICS C UCIIOIb30BAHNE
JoKap-TecTa CcO CIENyIONIMMU YCIOBUSIMU: pexuM ObicTporo mnepememmBanusi — 30 c.,
MeieHHoe nepeMemuBanre — 10 MuH., cenumenTtanus — 30 mu. [locne koarynsuuu ocajiok
OTJeNaJICs MyTeM JAEKaHTHUPOBAHUA. 3aTeM OCaJlOK aHAJIM3MPOBAJICS Ha oOliee coaep’KaHue
tdhocdopa ¢ momornipio Phosphate (ortho / total) cuvette test 2.0 — 20.0 mg/l PO4-P Hach
Lange.

BaxHO OTMETHTH, YTO JUIS PaBHBIX YCIOBHH pPOCTa PACTEHHHA B KAXKAYI0 KOPOOKY
HEOOXOMMO T00aBUTh OJMHAKOBOE KOJIMYECTBO BCEX MUTATENBHBIX BemiecTB. KommdecTBo
dhocdopa, 100aBIIEMOTO B KXY KOPOOKY, cocTaBisuio 3 mr. Takum oOpa3oMm, HCXOIS U3
obmero coaepkanusi ¢ocopa B 0caakax, PacCUUTHIBAIOCH HEOOXOAMMOE KOJIMYECTBO
Ka)KJ0T0 0cajika, KOTOPOe He0OXO0MMO BHECTH B KOPOOKY.

COZ[ep)I(aHI/IC AJIIOMUHUA B OCaaKax, IIOJTYYCHHBIX C U 663 ,[[O6aBJICHI/IH nmojaumepa
onpezaensiock ¢ momomeo Aluminum, Aluminon Method 8012-Powder Pillows - Hach
Lange.

I[MpuroroBjeHne pacTBOPOB MUTATEJbLHBIX BellecTB. [ MpOBEICHUS KOHTPOJIBHBIX
OTBITOB OBUT MPUTOTOBJIEH PAacTBOpP MHUTATEIBHBIX BEIIECTB C (HOCHOPOM C COOTHOIIECHHEM
HyTpreHToB B HeM N: P: K: Mg: Ca=1:2:4:0.65 : 0.8. J{is 3T0r0 OBUIH HCITOJIB30BAHBI
comu KoHPO4, (NH4)2SO4, MgCl2 - 6H20 u CaClz - 6H20. Tak e ObUI IPUTOTOBJICH
pacTBOp MHUTATEIBHBIX BemiecTB 0e3 (ocdopa, B KOTOPOM COOTHOIIEHHWE BCEX OCTAIBHBIX
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AJIEMEHTOB OCTaBaJjiOCh MPEXHHUM, C Hcroyb3oBanueM cieayrommx coner KI, (NH4)2SOs4,
MgClz - 6H20 u CaClz - 6H20. pH pactBopom mojaep:kuBaics Ha ypoBHE 6.5.

BoipammBanue pacrenuii. B kauecTBe wuccieayemoro pacteHusi Obuia BbIOpaHa
nmieHuna. Ilepen BwIpamuBaHueM e€ ceMeHa ObUIM CTEPHIN30BaHbl ¢ momombo 1 %
pacTBopa XJlopa Ha HOPOTSDKEHMM S5 MHUHYT, a 3aTeéM TIIATEIbHO  IPOMBITHI
aBTOKJIABUPOBAHHOM BOjOM. [IpopammBanue ceMsiH MpOBOAMIOCH HA TPOTSHKEHUU 24 4acoB
B aBTOKJIaBUPOBAHHOW Bojie. B TO e Bpems CKOaryJIMpoBaHHBIA OcanoK ObLT 00paboTaH ¢
MOMOIIbI0 MHUKPOBOJHOBKM Ha mpoTsokenun 4 wmunHyT (900 W). Takue wmepsl 1o
CTePHIN3AINH OBUTH PUHSATHI U TPEJOTBPALICHUS TPHOKOBOTO POCTA.

Pacrenust BeIpalyBaiuch 1Mo METOAY THIPOMOHUKH B IJIACTHKOBBIX KOPOOKax pa3MepoM
10 x 10 cM, B THE KOTOPBIX OBLTH MPOJICTAHBI OTBEPCTHSI TSI IPCHAXA.

Ilocne mnpopamuBaHusi CceMsH, B KaXIyl0 KOpOOKy ObLIO MOMeEIIeHO Oymary majs
3agepkuBaHus BoAbl M mo 40 r cemsH. 3aTeM Tyjaa ke J00aBIsUIOCh HEOOXOAMMOE
KOJINYECTBO OCaJIKa U pacTBOp MUTATEIbHBIX BewecTB 0e3 (ocdopa. IIpu 3ToM u3mepsioch
3Hau€HUE [POBOAMMOCTH CMECH OCaJKka M pPAacTBOpa HYTPUEHTOB. OTO 3HAaYCHHE
nojaepxkuBaniocb Ha ypoBHe 1000 — 1100 mxCwm/cm. Ecnmm mpoBommMocTh pacTBOpa
IPEBBIIIAIA 3TO 3HAYCHUE, TO CMECh Pa30aBisuIach aBTOKJIABUPOBAHHOM BOJIOM.

UYro 110 00pa3LoB CpaBHEHHS, TO MOCIE JOOABICHUS CEMSH B KOPOOKY K HUM J00aBIISIICS
pacTBOp HyTPHEHTOB ¢ dochopom / pacTBop HyTprueHToB 0e3 pocdopa / aBTOKIaBUpOBaHHAS
BO/JIA.

Takum o0Opa3om ObUIO JOCTUTHYTO J00OaBJIEHHE OAMHAKOBOIO KOJMYECTBA BCEX
HYTPUEHTOB B KaX/Iyl0 KOpOOKy (KpoMe JBYX IIOCIEIHUX OIBITOB CpPaBHEHHUs), I/e
€/IMHCTBEHHBIM Pa3JIMUUEM SBISETCS UCTOUHUK (ocdopa.

BrlpamuBanue pacTeHHi NPOBOJWIOCH HA MPOTSHKEHUH 12 1HEH €O ClielyrolmuMu
ycioBusiMu: ocBeteHHbIH nepuon ¢ 8:00 mo 22:00 (temneparypa 22 °C), HEOCBEIICHHBIH
nepuogt ¢ 22:00 go 8:00 (temmepatypa 16 °C). [lonuBanuch pacTeHHs] aBTOKIABUPOBAHHOM
BOJIOM C TIOMOIIIBIO CIIpesl TPU pasa B JIeHb Kaxible 4,5 4acoB B MepBbBIC MATh JTHEH, 3aTeM 4
pasa B JieHb Kaxkaple 3,5 4acoB B MOCHENyIONINE ceMb AHEH. [Ipu 3TOM B Kaxayto KOpOOKy
JI00ABIISIIOCH OJJMHAKOBOE KOJIMYECTBO BOJIBI.

C 4 nnHs BBIpalIMBaHUS, KAXKIBIA JIE€Hb B OJHO M TO X€ BpPEeMsl MPOBOJIUINCH 3aMEpPhI
BBICOTBHI PACTEHUM U PACCUUTHIBAIIACH MHTEHCUBHOCTh POCTA:

GR = Hpjant/Hreference * 100,
rae GR — uaTencuBHOCTH pocta, %;
Hpjant— BBICOTA KCCIIEyEMOTO PACTEHUS, CM;
Hieference— CPEIHSS BBICOTA MEXKIY TPEMs TJaBHBIMH PACTEHUSIMHM CpaBHEHUS (Ha
pacTBope HyTpHEHTOB ¢ (hochopom), cMm.

Omnpenenenue pacrpeneneHus O0uomacchl. B jomonHeHne K pacdeTy MHTEHCHBHOCTHU
pocTa pacTeHuil ObUTO MPOBEICHO OIpEeNICHHE paclpeieleHus] OMoMacchl MEXy KOPHEM U
crebieM pactennit. C 3TOH eNbIo, 10 OKOHYAHHIO SKCIIEPUMEHTA, U3 KayKI0H KOPOOKH OBLIO
otoOpano 1Mo 20 pOCTKOB, COXpaHssl IEJIOCTHOCTh MX KOpHEH W creOiel. 3areM KOpHHU
OTJIEJSUTUCH OT cTeOJe M ObLIM BBICYHICHBI B CYHIMJIBHOM IIKady 10 MOCTOSHHOW MacChl.
Pacnipenenenune 6umoMacchl pacCUMTHIBAIIOCH MO opmyIie:

R: S = Myoots/Mgpootss
rae R: S — pacnipenenenne 6momaccel MEXy KOpHEM U CTEOIEM;

M, ots— CYXasd Macca KOpHE, T;
Mgy 00ts— CYyXast Macca crebuieid, T.
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AHanmu3 NOJy4YeHHBIX 3HAUYCHHUH MO3BOJISIET ONpPENEeNNTh, Kak UCTOYHHUK (ochopa BIUSET
Ha pa3BUTHE KOPHEH U cTeOei MIIeHUIbI.

Pe3y.]1]>TaTLI U UX aHAJIN3

B coorBercTBHM ¢ BbIlIE NPHUBEJCHHBIM IUIAHOM AKCIEPUMEHTA ObUIM BBIPALIECHBI U
IpoaHalu3upoBaHbl 00pa3ubl pacteHuil. Ha pucynke 2 mnpuBeneHa 3aBUCHUMOCTb
MHTEHCUBHOCTH POCTA IIICHUIIBI OT J03bl AIIOMMHUS, THUIA KOAryJsIHTa M TUIA BOJbI Ha
JIBEHAIAThIA JEHb SKCTIEPHUMEHTA.

HHTEeHCHEBHOCTE
pocta %
100,0
95,0 $
[
90,0 X ;
<
85,0 g
80,0 5
75.0
024 0,25 026 0,27 0,28 0,29 0,30 0,31 0,32 0,33 0,34 0,35 0,36 0,37 0,38
AL
©ALS OP=3.36 X PAX-18 OP=3.36 A ALS OP=6,18 A0S A
MMOIIE/IIM
©PAX-18 OP=6.18 + ALS + Poly OP=6,18

PI([CyHOK 2. 3aBUCHMOCTh HHTCHCHBHOCTHU PpocCTa MIEHUIBI OT JO3bI AJIIOMUHUS, TUIIA KOAT'yJIIHTA U THUIIa BOABI.

Kak BugHO ¢ mpuBeneHHOro rpaduka, JeBHANMK 3HAYCHUH MEXKIY KaJIbIMH TpeMs
MapayieIbHBIMU OTBITAMU [IJII BCEX THUIIOB OCAJKa SBISIOTCS HE3HAYUTEIbHBIMH. ITO
CBUJICTEIILCTBYET 00 aJICKBATHOCTH TOJYYEHHBIX pe3ylbTaToB. [loaTomMy miisi mocTpoeHus
CIEyIONUX TPa(UKOB HCIIOJIB3YIOTCS CPEJHHUE 3HAUCHUS BBICOTHI OIBITHBIX 00pPa3IoB
MEXy TPEeMS MMapajieTbHBIMHU OTTBITAMH.

Bnusinus npupoasl KoarysisiHTa Ha JIOCTYMHOCTh (pocdopa pacTeHUsIM MpPEACTABICHO Ha
rpa¢ukax 3a u 306.

BricoTa, cMm

S = W s L OV =] 0D ND

IIcHb
0 4 6 7 8 9 10 11 12

HALS d2 EPAX-18d2 mALSdl] EPAX-18dl
a)
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Bericota, cm

9

8

7

6

5

4

3

2 .

l .

0 - JIeHb
0 4 6 7 8 9 10 11 12
mALS d2 mPAX-18 d2 mALS dl mPAX-18dl

0)

Pucynoxk 3. Jl[unamuka pocTta IMIIEHUIIbI B 3aBUCUMOCTH OT TIPUPO/IBI M T03bI KOATYIISTHTA:
a) cozepxkanue oprodocdaros B Bosie 3,36 mr P/nm?;
6) conepsxanue oprodocdaros B Boe 6,18 mr P/’

W3 nmpuBeeHHBIX IPaGHUKOB MOKHO CACIATh BBIBOJ, UYTO MPH HCMOjb30oBaHMK PAX-18
MpU  KOAryJIsIUM, TPOMCXOAUT Oosiee MHTEHCHUBHBIM pPOCT muieHunbl. Kpome Ttoro, mpu
Jn00aBJICHUM MEHBIICH J03bl KOAryJisiHTa B MPOIECCE BOJIOOYUCTKH, MHTEHCHBHOCTh POCTa
TaKKe BbIIIE. DTO MOJHOCTbIO COOTBETCTBYET OXKHIAEMbIM PE3yJIbTaTaM.

Takoli pe3ynbraT MOKHO OOBSCHUTH Pa3IMYHBIMH 3Ha4eHUsIMU cooTHomennidn OH/Al y
9TuX KoaryJsiHToB. J{mst AlS 3710 3Hadyenne cocrapinsiet 0, a To Bpemst kak juist PAX-18— 0,75—
2,1.

Jlig n3yuenust BIUSIHUA 100aBIeHHS [TOJUMepa OAHOBPEMEHHO ¢ AlS mpu ouucTKe BOABI,
MOCTPOEH rpaduK, MOKa3aHHbIM HA pUCYHKE 4.

BricoTa, cMm

9

8

7

6

5

4

3

2 .

1 -

0 - IeHb
0 4 6 7 8 9 10 11 12

mALS d2 mALS dl mALS d2+Poly m ALS d1+Poly

Pucynok 4. J[nHaMuKa pPOCTa MIICHHUIIB! IPH UCHOJIL30BAHUHU B Ka4eCTBE yJOOPCHHUS 0CaaKa, HOJIYYSHHOTO IIPH
Koarysiuu ¢ u 6e3 godasnenus noiaumepa SNF FO 4350.

MOoHO c/ienath BbIBOJ, YTO MPH JOOABICHUN MOJUMEPa POCT IMIEHUIIBI YBEITUIUBACTCS
10 CPaBHEHHUIO C WCIOJb30BAHUEM TOJBKO KoaryisHTa. Kpome Toro, mpu joOaBiieHUH
nmomumepa SNF FO 4350 ogaoBpemenHo ¢ AlS, pocT pacTeHuil IpOUCXOANUT Jake JydIle,
yeM npu wucnoib3oBannd PAX-18 HO 0e3 momumepa. Takoil BBIBOJT MOXKHO CHEJaTh,
cpaBHuBas rpaduku 30 u 4. COOTBETCTBEHHO, [100aBJICHWE IIOJIMMEpPa 3HAYUTEIHHO
yIIydIIaeT JOCTYIMHOCTh Gocdopa it pacTeHUH.

Henp3s cyuth 0 goctymHoCcTH (hochopa pacTeHUsIM TOJIBKO 1O BBICOTE PACTCHHM, TaK KaK
MPU 3TOM PACTEHUS MOTYT MMETh cl1ab0 Pa3BUTHIA KOPEHb, YTO KOHEYHO XKE BIMSICT HA UX
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obmee coctossHus. VIMEHHO mNO3TOMY OBLIO MPOBEAECHO OMNpEAETICHUE pacHpeeeHe
O6romacchl OTy4YeHHBIX 00pa31oB. Ha pucyHke 5 moka3aHbl pe3yIbTaThl JAHHOTO aHAIIN3A.

R:S
1,10
1,05
1,00
0.95
0.90
0.85
0,80
0,75 ©
0.70 i :
0.65 x
0.60 | op,
3 35 4 4.5 5 5.5 6 6.5 7 mr P/mm
¢ ALSdl A ALS A2 ¢ PAX-18d1
A PAX-18d2 O ALS d1+4350 A ALS d2+4350
P-p HYTpHEHTOE ¢ P e P-p HyTpHEHTOR Oe3 P bes3 BBeeHHA HYTPHEHTOB

Pucynok 5. Pacnpenenenue OuoMacchl MEKAy KOpPHEM M CTEOJIEM B 3aBHCUMOCTH OT YCJIOBHUH HPOBEICHUS
nporecca KoaryJisimuH.

Taxkum 00pazom, oOpasIbl MIIEHUIIBI, KOTOPBIE OBLIN BBIPAIICHBI 0€3 J00aBICHUS KaKUX-
JM00 MUTATEIHHBIX BEIIECTB M T€, KOTOPhIC ObUIM BBIPAIICHBI C MCIIOIH30BAHUEM pPacTBOpa
HYTPHEHTOB ¢ (ochOopoM UMEIOT caMoe OOJIBIIIOE 3HAYCHHUE paclipeiesieHus onomaccol. Bo-
MEPBBIX, ATO CBUJETENBCTBYET O TOM, YTO PACTBOP HYTPHUEHTOB SBISICTCS XOPOIIO
cOanaHCUpOBaHHBIM. BO-BTOPBIX — 3TH 00pasibl UMEIOT HOPMAabHBIM, XOPOIIO Pa3BUTHIN
KopeHb. Te jxe 00pasibl, KOTOpbie ObUIM BBIpPAIIEHBI C PACTBOPOM HYTPHEHTOB 0e3 dochopa
UMEIOT caMO€ HU3KOe 3HAuCHHUE pacrpejielieHus: OMoMacchl MEXIy KOpHEM M cTeOjeM B
CBsI3M ¢ HepocTaTkoM (ocdopa.

Uro 10 Tex oOpa3loB, KOTOPhIe ObUIM BBIPALIEHBI ¢ MCIOJIB30BAaHUEM OCa/IKa B Ka4eCTBE
ucrouHuka ¢ocdopa, TO 3HAUEHHE paclpeaeseHuss OHoMacchl y HHMX SBJSIETCS HUXKE
HOPMAJIbHOTO 3HAa4YeHHs. DTO CBUAETENLCTBYET O TOM, YTO HE Bech (ochop sBiseTcs
JOCTYIIHBIM JUIsl pacTeHHid. bornee Toro, mpu m00aBiIeHMH MONHMMEpa OJHOBPEMEHHO C
KOaryJstHTOM, 3Ha4€HUE pacrpeieleHus: OMOMacChl 3aMETHO yBEITMUYNBACTCA.

ﬂOHOJ’IHHTCJ’IBHLIfI dHaJIM3 COACpIKAHUA AJIIOMUHUA B OCaAKE, IIOJYYCHHOM IIpU
KoaryJsiauu ¢ u oe3 I[O6EIBJ'ICHI/I$I oJimMepa, nmoKa3bIBacT, 4YTO:

- ¢ moOareHueM nojimMepa cootHotrenue Al/P (mr/mr) B ocanke cocrasiser 0,1367;
- 0e3 nobarnenus nonumepa cootHomenue Al/P (mr/mr) B ocanke cocrasmusiet 0,1067.

C y4eToM NpUBEICHHBIX BBILIE JAHHBIX MOXHO MPEAINOI0XKUTh, YTO MOJUMEp CBSI3bIBACT
Ooyipllle AMIOMHHHSL TPU KOAryJIsluu. 3aTeM, Ha OOpa30BaBIIMECS XJIOMbS MOXET
azcopOupoBathkest 6ombiie Gochopa, KOTOPBIA MU 3TOM He OyAET CBsI3aH C AIIOMHHHUEM U
TakKuM 00pa3oM OyJeT JOCTyIleH s pacteHuid. BoT mouemy, noctymHocTh ¢ocdopa
PAaCTeHUSIM B OCaJIKe, OJTYYEHHOM, TP J0OaBICHUH MOJINMEpa, SBJISETCS BBIILE.
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BrIBOaBI

bbul cnimaHMpoBaH M MPOBEAEH 3KCIEPUMEHT IO YJIYYIIEHHIO JOCTYMHOCTH (ocdopa
pacTeHHsM B CKOAryJMPOBAHHOM OCaJKe C MOMOIIBI0 To100pa pasHbix 103 AIS n PAX-18.
Bnusiaue coornomennss OH/Al 3TuX KoaryiasHTOB Ha JOCTYHMHOCTH ¢ocdopa Takxke ObLIO
u3yuyeHo. MOXKHO cjenaTh BBIBOJ YTO NPU HCHOJB30BAHUHM KOATYJSIHTOB C OOJBIINM
3HadeHueM cootHomeHuss OH/Al — goctymHOcTs Qochopa pacTeHHAM Yy  ocajaka
YBEIINUINBACTCS.

B To ke Bpewmsi, ObUIO MPOBENEHO HCCIE0BaHNE BIWSHUS J00aBimeHus: monmumMepa 4350
OJTHOBpeMeHHO ¢ AlS mpu mpoBeaeHHHU Ipolecca BOJOOYUCTKU Ha JAOCTYHHOCTH (ocdopa.
JloGaBieHne moyimMepa Tak ke yJIydlnaeT JoCTymHOCTh ocdopa. Pe3ynbTaThl HOKa3bIBAOT,
yto B psany ranked AIS < PAX-18 < AIS+Poly nmocrymHocts ¢ocdopa pacteHHsIM
YBEIINYNBACTCS.

Tak »xe 3ameTHa 3aBHCHMOCTh MEXIY H030W KOAryyisHTa W JIOCTYHHOCTBIO (ocdopa
pacTeHHsIM: YeM MEHBbIIIE J103a, TEM BBIIIIE IOCTYITHOCTh (ochopa. DTO OOBACHICTCS TEM, YTO
MEHBIIIE AIOMHUHUS CBs3bIBacTcsl ¢ (ocdatamm Kpernkoir P-Al cBsI3pI0, KOTOPYIO TSDKEIIO
pa3opBaTth.

Pexomenganuu K nmocjeaAyroumuum UCCJIe10BaAaHUAM

Heo6xonumo pazpabortaTts Oosiee TIIATENBHBIN IUIAH SKCHEPUMEHTA C YUYE€TOM IMpoOIieMm,
KOTOpPbI€ BO3HUKAJIM TPU MPOBEICHUH JAHHOTO HCCICAOBAHMS. A TaKKe — MCCICIOBAHUS C
OOJNBIIMM ~ KOJMYECTBOM  ATIOMHUHHUEBBIX KOAryJISHTOB C pPa3IMYHBIMH  3HAYCHHUSIMHU
cootnomenuss OH/Al B HUX, TaK ke, KaKk M C JKEJIe3HBIMH KOAryJISIHTAMH, U MOMPOOOBATh UX
pa3nuyHble KOMOMHanuu ¢ nonumepamu. Creayer TakKe INPOBECTH JOMOJTHUTEIbHBIN
aHAJIM3 TIOJyYSHHBIX 00pa3IOB IIIEHHIBI HAa COJIEp)KaHHE B HUX OCHOBHBIX HyTpHUEHTOB (N,
P, K).

Kpome Toro, mposeieHue Oonee AIMTEIBHOIO HKCIEPHMEHTA (O HECKOJIBKHX MECSIEB
NO3BOJIUT M3Y4YWTh BIUSHHE OCaJKa HA pOCT pPACTeHUWH, NpU JUIMTEIBHOM €ro
UCIIONb30BaHUU. Kpome TOro, HEoOXOAMMO HCCIENOBaTh BIHMSHUE pPa3IUYHBIX THIIOB
00paboTKH 0caKoB (00€3BOKHMBAHUE, CYILIKA U T.J.) HA IOCTYIHOCTb (pochopa pacTEHUSIM.
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Abstract

The presence of Natural Organic Matter (NOM) cause many problems for the process of
drinking water treatment. Major problems result from the reaction of NOMs in various ways
in the treatment processes. At present there are set of methods for removal of NOM, namely a
biofiltration and a nanofiltration, coagulation as well as advanced oxidizing processes. It was
offered to use ozonation in combination with coagulation as an advance method for removal
color and NOM. The studies were conducted at Norwegian University of Life Sciences, where
the laboratory system of liquid-phase ozonation was developed. The purpose of scientific work
was to prove positive influence of combination coagulation with ozonation on removal of color
and NOM in surface water. Studies were conducted on model waters with the different content
of humic compounds. Were observed positive results at small concentrations of ozone
(0.2...0.8 ppm) and at small coagulation dose. Using only 20 umol Al/l dosage PAX coagulant
showed the color removal 80% and 70% with and without pre-ozonation, respectively. That is
why ozonation can reduce the amount of PAX coagulant to achieve a satisfactory color removal
as well as in generally low dose of ozone showed an improvement for coagulation.

Keywords: Optimization of coagulation; dissolved organic carbon; humic compounds, natural
organic matter; ozonation.

Introduction

Natural organic matter consists of complex organic matter, which is synthesized or produced
in the lithosphere. Until recently, humic substances were considered to include NOM.
However, the evolution of research on humic substances has led to several confusing
definitions used by various investigators and must be considered to be outdated. During the
last decade, the environmental scientific community including ecologists, chemists, and
biologists has gradually realized that the dissolved organic matter is involved in essentially all
reactions in aquatic systems. NOM is an extremely complicated mixture of degradation
products from plants and micro-organisms.

Organic matter has a great influence over the fate of inorganic colloids in water. The
chemical nature and structure of NOM will be an important factor in determining whether
colloids will be stabilized or destabilized by NOM. Fulvic acids are likely to be responsible for
coating and imparting a negative charge to colloids. If the adsorbed organic coating produced
and increase in absolute surface potential, it will act to stabilize colloids in the water column.
On other hand, colloid organic carbon, especially chain-like structures can aggregate inorganic
colloids through the formation of bridges. The importance of each process depends on nature
and concentration of organic matter, as well as on other factors (e.g. origin of NOM,
temperature, water treatment process).

The efficiency of ozonation as well as coagulation is reported to be higher when used in
combination. The effects of ozonation combined with coagulants are not adequately
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documented. The impact of ozonation on coagulation properties is valuable to study as
coagulation is the world's most widely used treatment process for drinking water.

It has become common practice for many water treatment plants to include pre-chlorination
or pre-ozonation steps in water treatment plants. It was assumed that oxidation can enhance
removal of NOM and turbidity during coagulation. During the 1980s, these coagulation effects
were given the name microflocculation or ozone induced particle destabilization. However the
mechanisms of ozone effect on coagulation are not fully understood. Some scientists and
engineer still question whether there is any effect at all or it is an artifact.

Two possible mechanisms of ozone effect on coagulation were proposed (Rebhun and Lurie,
1993):

- Oxidation of adsorbed organics, their hydrophilization and eventual desorption leading to
destabilization of the particles

- Catalyzed polymerization of DOC (dissolved organic carbon) and subsequent adsorption
bridging.

Pre-ozonation effects are dependent on many factors including properties of organic matter,
pH, type of coagulant, and concentration of calcium in water. It was found (Schneider and
Tobiason, 2000) that when alum was used as a coagulant, pre-ozonation hindered turbidity and
DOC removal. However, application of cationic polymers and pre-ozonation lead to small but
statistically significant increases in the removal of both components. The authors hypothesize
that pre-ozonation reduces the surface charge of particulates, leading to better coagulation by
charge neutralization. Several years earlier (Chandrakantha et al, 1996) also related pre-
ozonation effects to DOC, which is covering particles, beside they, found that ozone-induced
particle destabilization occurred only in the presence of calcium. Ozone has been reported by
some to improve coagulation and filtration efficiency (Reckhow et al, 1993; Stolarik and
Christie, 1997). However, others have found no improvement in filter effluent turbidity due to
ozonation (Tobiason et al, 1992; Hiltebrand et al,(1986).

Becker and O’Melia, (2001) provided an overview of the effects of ozone on coagulation
and filtration processes. Although ozone has many benefits, its expense is significant and its
placement in the treatment train should be chosen with a sound understanding of its effects on
other unit processes. They stated that the effect of ozone on coagulation is shown to be
dependent on the coagulant type and on the water quality characteristic, which is setting the
optimum coagulant dose. For waters with moderate to high DOC levels, the coagulant dose is
set by the DOC. Ozonation converts DOC into smaller, more oxygenated compounds that exert
a greater metal coagulant demand than the parent compounds. In this case, ozonation can lead
to an increase in the optimal coagulant doses, which was described (Edwards and Benjamin,
1992). For low DOC waters, the coagulant dose is set by the particle and the adsorbed organic
matter. Ozone may react with the adsorbed DOC and alter the amount and conformation of the
adsorbed organics, which can lead to a decrease in coagulant demand.

On the other hand, was stated (Wei and Yong-Mei, 2004) that NOM have a very strong
influence on the stability of inorganic particles through adsorption, coating, etc., thus making
surface water with high NOM concentrations difficult to treat efficiently by coagulation. Jar
tests and pilot investigations were used to evaluate the effectiveness of ferrate pre-oxidation in
enhancing the coagulation of NOM-rich lake water. A substantial reduction in residual turbidity
after sedimentation and filtration was obtained by ferrate pre-oxidation at dose levels of 1-5
mg/L as K2FeOas. A similar improvement of color, DOC, iron, manganese, and total bacteria
was observed. It was suggested that simple addition of ferrate prior to the coagulation step can
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reduce the coagulant dose demand in order to maintain acceptable residual turbidity. It was
believed that additional coagulant (Fe (II1)) was formed as a result of ferrate decomposition.

Edwards and Benjamin (1992) investigated the effects of ozone on several water quality
parameters that affect particle behaviour in water treatment systems. They found that ozone
did not decrease critical coagulant concentration for AICIs, FeCls, or alum coagulants;
destabilize particles; or improve particle removal processes if pH was held constant. There was
no evidence of disruption or desorption of organic coatings of particles that enhanced particle
destabilization. In sum, all ozone-induced particle destabilization phenomena observed were
primarily the result of a decrease in pH, an increase in pH, or precipitation of CaCOs. Because
these changes are produced more efficiently and at a lower cost with chemical addition,
aeration, or both, they must be properly considered when evaluating the true benefits of
ozonation with respect to particle removal.

Despite all the positive points, the impact of ozonation to coagulation further need to study
in greater details, especially the impact of low dose of ozone on the destruction of natural
organic matter as well as dissolved organic carbon (DOC). Also there is need to explore the
effect of ozonation in different pH of process and in combination with different coagulants.

The objectives of this research were to prove the positive effect of ozonation on coagulation
to the removal of natural organic matter, also determine the optimal dose and pH of ozonation
as well as optimal dose and coagulants type for coagulation for the treatment of natural surface
waters. Show ozonation efficiency for coagulation for color removal at wavelengths 410 nm
and 254 nm and change of NOM after and before ozonation by laser diffraction particle size
analyser.

Methods

For studies was developed laboratory setup of liquid-phase ozonation. The scheme of the
laboratory setup is shown in Fig. 1.

Air with high oxygen content (70%) from the oxygen unit with internal air drying fed to
ozone generator. Ozone-air mixture after the generator by using the regulator of supply enters
reactor with magnetic stirrer and dissolved ozone monitor. Dissolved Ozone Monitor consists
of measuring and controlling device DOSA Control DCW 120 MF and ozone sensor OZ7H.
Sensor analyses concentration of ozone in the water, and transmits the signal to measuring and
controlling device.

In these studies used indirect liquid-phase ozonation. At first the ozone-air mixture is passed
through model water in different pH and ozone doses, and then jar test was performed with
different coagulant and doses of coagulant.

Studies were conducted on model water, which consist of Humic acid sodium salt (for color
—50...60 Pt/Co scale), bentonite (for turbidity — 1...2 FNU) and NaHCO3 — 0,5mmol/I (buffer
capacity)
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Figure 1 Basic scheme of the laboratory setup of ozonation.

For research, it was decided to use the ozone concentrations of 0.2 mg/L; 0.5 mg/L;
0.8 mg/L; and pH for ozonation 7 and 9. In jar test were analysed two type of coagulant:

PIX 318 (produced by KEMIRA) and PAX 18 (produced by KEMIRA) and three different
doses of each. The plan of whole experiment is shown in Fig. 2.

H OZONATION ‘

H pH 7 ‘ “ pH O ‘

(0.2 ppm 05 ]([0.5 ppm O ] ([0.8 ppm 05 ([ 0.2 ppm O: |[[ 0.5 ppm 05 ][ 0.8 ppm O

H COAGULATION ‘

H PIX 318 ‘ U PAX 18 ‘

46.6 pmol 77,7 pmol 108.8 pmol 45,7 pmol 68.5 pmol 114.2 pmol
Fe/ Fed Fed A1 Al Al

Figure 2 Basic plan of experiment.

In each series of experiment were analysed 50 samples of water: model water without any
chemicals, model water after correcting pH (added HCI or NaOH), model water after ozonation
as well as after coagulation only and after coagulation and ozonation alternatively.

All samples of waters were analysed for color Pt/Co scale at a wavelength of 410 nm with
a spectrophotometer Hach Lange DR-3900, as well as at UV 254 and UV 410 with a UV-
5800PC VIS Spectrophotometer.
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Also turbidity analyses were conducted by using 2100Q Portable Turbidimeter for control
settling process in coagulation.

Also for determination of changing the size of the particles in model water before and after
ozonation was conducted MasterSizer analysis, where we applied laser diffraction particle size
analyser MasterSizer 3000 — is a versatile tool for rapid and accurate particle size analysis
(measurement of particle size distribution) suspensions, emulsions and dry powder. Method is
based on measuring the angular dependence of the intensity of scattered light when passing
through the laser beam is dispersed sample.

Results and discussion

For determination of varying the size of the particles in model water before and after
ozonation were conducted. In this case, were analysed 9 samples of water in MasterSizer 3000,
but because of high residual and low concentration of particles in water only few samples
showed satisfactory result. The results are shown in Fig. 3:

There are two curves on each graphs — the curve with one extreme is for model water, and
other — for ozonized water.

[ T T LI e e T T T T T T T T L B B I | T T T T T T
10 100 1000 10000 100000

Size Classes (um)

T T LI S i |
10 000,0

_——rrTTT T T | B L | T SR D i P e R0 B T T L B L L AL | T T T T T T TTT]
10 10,0 100,0 10000 100000

Figure 3 Changing the size of the particles in model water before and after ozonation. (1) Model Water, (2) Model
Water after ozonation dosages 0.2 ppm (pH 9), (3) Model Water after ozonation dosages 0.5 ppm (pH 9), (4)
Model Water after ozonation dosages 0.8 ppm (pH 9)

From the data graphs we can analyse the composition of the model water and changes of
particle masses after ozonation for different ozone doses (pH 9).

Insignificant doses of 0zone have a positive impact on the efficiency of further coagulation
by changing particle size and division them for easier flocculation.

Analysing research data and background it can be concluded, that ozone can simultaneously
aggregate fine particles and break down large ones, making them more mineralized and easier
to remove.

The first ozonation-coagulation tests were performed for aluminium-based coagulant — PAX
18. Were conducted appropriate tests, the results of which are shown in Fig. 4, 5.
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Figure 4 The dependence between removal of color (%) and dosage of coagulant PAX 18 for different ozone
concentrations (ppm) at pH 7.
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Figure 5 The dependence between removal of UV 254 and dosage of coagulant PAX 18 for different ozone
concentrations (ppm) at pH 7.

From Graphs we can conclude that a low dose of ozone showed an improvement for
coagulation. Using only 20 pmol Al/l dosage PAX coagulant showed the color removal ~80%
and ~70% with and without pre-ozonation, respectively. Ozonation reduce the amount of PAX
coagulant to achieve a satisfactory color removal (color removal after coagulation using pre-

ozonation (0.8 ppm pH 7) even at 35 umol Al/l is 93%, while to achieve similar results without
ozonation required twice as much coagulant).

Next step was to research the same coagulant and dosage of coagulant, but different pH for
ozonation— pH 9. Were conducted appropriate tests, the results of which are shown in Fig. 6,

7.
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— _————
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——0,8 ppm, pH9
—+—Coagulation only
0 20 40 60 80 100 120

Dosage of PAX, pmoll Me/l

Figure 6 The dependence between removal of color (%) and dosage of coagulant PAX 18 for different ozone
concentrations (ppm) at pH 9.
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Figure 7 The dependence between removal of UV 254 (%) and dosage of coagulant PAX 18 for different ozone
concentrations (ppm) at pH 9.

If we looking to Graphs from Fig. 6 — there is no so benign result that is why it can be

concluded that pH 9 was not the appropriate pH for ozonation with coagulation for this type of
water.

Next test were performed for iron-based coagulant — PIX 318.Were conducted appropriate
tests, the results of which are shown in Fig. 8
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Figure 8 The dependence between removal of colour (%) and dosage of coagulant PIX 318for different ozone
concentrations (ppm) at pH 7 and pH 9.

From the Graphs we can observe that ozonation combined with coagulation using Iron
coagulant like PIX 318 did not give any improvement to coagulation process. In that way there
is no point to use ozonation with coagulation with iron-based coagulant.

Conclusions

Results of studies show that pre-ozonation with coagulation positively influences on the
removal of color, which is caused by presence of natural organic matter and DOC, ozonation

improve NOM removal through coagulation as well as reduce the required coagulant dose in
two times.

Low doses of ozone allows a controlled break humus molecules, that will allow to avoid
reduction of molecular weight, which can lead to deterioration of flocculation in particular and
worsening NOM removal in general. This is meant that low ozone doses showed an
improvement for coagulation. Using only 20 pmol Al /1 dosage PAX coagulant displayed the

274



color removal ~80% and ~70% with and without pre-ozonation, respectively which is means
that ozonation can reduce the amount of PAX coagulant to achieve a satisfactory color removal.

After analysing research data and background it can be concluded that: NOM with
intermediate molecular weight increases at lower ozone dosage, favouring removal by
coagulation because of possibilities of ozone to simultaneously aggregate fine particles and
break down large ones, making them more favourable for coagulation and easier to remove.

But for Iron-based coagulant it is clear, that ozonation did not give any improvement to
coagulation process. In further researches it is possible to get more defined results using lowest
dose of ozone as well as lowest dose of coagulant.
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AHHOTAIUSA

Hanuune npuponnbix opranudeckux BemiecTB (NOM) BBI3bIBACT MHOTO MPOOJIEM IS
IpoIriecca OYUCTKU NMUTheBOW BOJbl. Hammune NOM mpuBOAHUT K BBICOKOW IBETHOCTH H3-3a
MIPUPOJIHBIX yCIOBHA. Bo BpeMst mporieccoB koaryisauuu U (hioxyssiii, NOM cTabrimni3yroT
JIMCTIEPCHBIC M KOJIJIOMTHBIE YacTHIIBl. B HacTosIIee BpeMs CyIecTByeT MHOKECTBO METOIOB
yAaleHus] TPUPOJIHBIX OpraHuueckux BemlecTB. B Hopeeruu s oOpaboTku OOJNBITMHCTBA
BOJ1 OOBIYHO MCTIONB3YIOT KOAryJIslKIO, YeM JOBOJIBHO XOPOIIO yaamsieTcsi {BeTHOCTh 1 NOM.
N3BecTHO, 4YTO J(PQPEKTUBHOCTH O30HUPOBAHUS, a TaKKE KOATYJSIUM, BBINIE TIPU
WCTIOJb30BaHUM B KOMOWHAIIMK. BiusHre 030HUpOBaHUS HA CBOMCTBA KOATYJISIIIUU SIBJISIETCS
HNEHHBIM JIJISl M3YYEHHSI TaK KaK KoaryJysius HauOojee NIMPOKO HCIOIb3yeMbIH TMporiece
00pabOTKH MUTHLEBOM BOJIbI. BBINIO MpeiokeHo UCTI0Ih30BaTh 030HUPOBAHNE B COYCTAHUU C
KOaryJdiue B KauecTBe YJY4YIIEHHOTO METOJa CHUKEHUS LBETHOCTH M ynajeHus [1AB.
Uccnenoranust npoBoaniinch B HOpBEKCKOM YHUBEPCUTETE €CTECTBEHHBIX HAyK, TJie ObLIa
paspaboTaHa jabopaTopHas cucTema XHuJIKo(ha3HOro 030HUpoBaHus. Llenbro HaydHOUM paboThI
OBLJIO JTOKA3aTh IMOJIOKHUTEIHHOE BIUSHUE KOMOMHUPOBAHUS KOATYJISIUU C O30HUPOBAHHUEM
s ynaneHus nBeta u [IAB B TOBEepXHOCTHBIX Bojaax. lIpoBemeHBI wWcclieoBaHUS Ha
MOJICITBHBIX BOJIaX C Pa3IMYHBIM COJICP)KaHUEM TYMHHOBBIX COSAWHEHUH. BBITN MOTydeHbl
MOJIOKUTENBHBIE Pe3ylbTaThl MPU MallbIX KoHIeHTpamusix ozoHa (0,2...0,8 wmr/m) u
HeOONBIION 03kl KoaryysHTa. Huzkas j103a 030Ha ToKa3and yiaydilleHUe I KOaryJIsium.
Pe3ynbrathl ncciaenoBaHU MOKa3bIBAIOT, YTO O30HUPOBAHUE C KOATYJSIUHU MOJO0KUTEIHHO
BIUSIET HA YCTPaHEHHUE [IBETHOCTH, O30HUPOBAHNE B KOMOMHAIIMU C KOATYJISIMEH yiydiiaer
yaaneane NOM, a Tak:ke yMEHbIIAeT HEOOXOIUMYIO JI03y KOaryJisHTa.

KuroueBsble cjoBa: OnTuMH3anyst KOaryJsiiiuy, paCTBOPEHHBIN OPTaHUYECKH yIiaepol, TyMyCOBbIE
BEILIECTBA, IPUPOJHBIC OPIraHUYECKUE BELIECTBA, 030HUPOBAHUE

BBenenne

[IpuponHble OpraHMuecKhe BEIIECTBA COCTOAT M3 CIOKHBIX OPraHMYECKUX BEIlECTB,
KOTOPBI CHHTE3WpYETCS WM Mpou3BeAcHHble B nutochepe. Jlo HemaBHEro BpeMeHH,
CUMTAINCh, YTO TYMHUHOBBIE BemecTBa BkItouaroT NOM. Tem He MeHee, SBOIIONHUS
HCCJICIOBAHUN T'YMUHOBBIX BEIIECTB MPHUBEIA K HECKOJbKUM 3aIlyTAHHBIM OIPEACICHUSIM,
WCIIOJb3YEMBbIX PA3JIUYHBIMU UCCIEIOBATEISIMUA U KOTOPBIE TOKHBI CUUTATHCS YCTAPEBLIUM.
B TeueHue mocieHero NeCATUIICTHS, HAyYHBIM COOOIIECTBOM, BKITIOUAs SKOJIOTOB, XMMHKOB
1 OMOJIOTOB TIOCTEIICHHO TPUHSTO, YTO PACTBOPCHHBIC OPTraHUYECKHE BEIIECTBA YYaCTBYET
MIPAKTUYECKH BO BCEX PEAKIIUAX B BOAHBIX cucTeMax. NOM sIBIIsIeTCS Ype3BBIYAHO CIIOKHOM
CMEChIO IPOAYKTOB paciajia u3 pacTeHUH 1 MUKPOOPTaHU3MOB.

Opranndeckne BeIIECTBA HMMEIOT OOJBIIOE BIUSHWE Ha CyAb0y HEOPraHUYEeCKUX
KOJUIOM/IOB B BOJle. XUMHUUYECKasi mpupoaa u crpykrypa [TIAB Oyner BakHBIM (akTopoMm B
onpezieNieHuH CTa0MIBHOCTH WIIM HEeCTaOMIbHOCTH KOJUTOuA0B NOM. DybBOKHUCIOTE MOTYT
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HECTH OTBETCTBEHHOCTh 3a IOKPBITUE M HPUIAHMs OTPULATEIBHOIO 3apsia KOJJIOUIAM.
Komnoun opranndeckoro yriaepoja, 0COOEHHO IETMOYEUYHbIX CTPYKTYP MOXKET arperupoBaTh
HEOpraHM4YecKre KOJUIOMIBI Yepe3 00pa3oBaHME MOCTHKOB. 3Hau€HHE KakJOro Iporecca
3aBHCHUT OT MIPUPOBI M KOHIIEHTPAIIMH OPTaHUIECKUX BEIIECTB, a TAKXKE OT IPYTUX (hakTopoB
(manpumep, npoucxoxaeHuss NOM, TemnepaTypsbl, TPOLECC OYUCTKH BOJbI).

D10 cTan0 OOBIYHON MPAKTUKOH JUIsI MHOTHX BOJOOYUCTHBIE BKIIOUHUT, IPEIBAPUTEIILHOE
XJIOPUPOBAHME WUJIU OIIE€paLMM NPEABAPUTEIHHOIO 030HUPOBAHMS BOJIbI B ITMIPOTEXHUYECKUX
coopyxerusix. llpenmomaranoch, 9TO OKHCIEHHWE MOXET IOBBICUTH yaanenne NOM u
MyTHOCTH Tipu Koarymsmmu. B 1980-x, »tum »ddextam Koarynsauuud Jaad UM
MUKPOQIIOKYJISIHS WX 030HUHIYIIMPOBAHHOH JecTabuan3anus yacTuil. OJHaAKO MEXaHU3MBI
030HOBOTO BIIMSIHUE HA KOATYJISIIMIO MTOJIHOCTHIO HE OHsATEH. HekoTophie yueHbie 1 HHKEHED
JI0 CUX TIOp CIOPST, €CTh JIH KaKoW-TO 3(h(PEKT UM 3TO PEAKOCTb.

JIBa BO3MOXHBIX MEXaHHW3Ma BIIMSIHHE O30HA Ha KOATYJISIUIO mpemaraercs (B PeOyH u
Jlypee, 1993):

- OkwucieHue aacopOMPOBAaHHBIX OPraHUYECKUX BEIIECTB, UX THIPOGUIN3ANNM U B
KOHEYHOM MTOTe 1eCOPOIIUH IPUBOAUT K JIECTAOMIN3AIMH YaCTHIL

- Karanutnueckas nonumepmsaruu DOC u nocneaytoleit agcopouun Mocra.

OddexT mpenBapUTEILHOT0 030HUPOBAHUS 3aBUCUT OT MHOTHX (DAKTOPOB, B TOM YHUCIIC
CBOWCTB OPraHUYECKOTO BeliecTBa, pH, Tuma KoaryiasHTa 1 KOHIIEHTPAIIMH KaJIBIUS B BOJIE.
[Muaiinep n Tobucon (2000) oOHapyKWJIH, YTO, KOI/Ia KBACIbl MCIIOJIB30BAIM B KAaueCTBE
KOaryJsHTa, IpeIBapUTeIbHO 030HUPOBAaHKE 3aTpyaHsUI0 yaaneHue mytHoctd 1 DOC. Tem
HE MCHee, MPUMEHEHUE KaTHOHHBIX MOJIUMEPOB H MPEIBAPUTEIBEHO 030HUPOBAHUS TIPUBECTH
K HEOOJIBIIMM, HO CTaTUCTHYECKH 3HAYMMOE YBEIMYEHHE YyJaJIeHHs] 00OMX KOMIIOHEHTOB.
ABTOpBI TPEAINOATAIOT, YTO MPEABAPUTEIBHO O30HMPOBAHUE YMEHBIIAET MOBEPXHOCTHBIH
3apsi/i YaCTHIL, YTO MPUBOAUT K JIyUIlled KOaryJsiuy 10 HeHTpanu3aluy 3apsjia.

Yaenpaxarxa u 1p (1996), Takxke cBsA3aHBI MpeIBapUTENLHO 030HUPOBaHuUs 3P et DOC,
KOTOpBI ~ OXBAaThIBAeT YACTHIBI, OHH OOHApYXWJIH, 4YTO O30HWHAYIIMPOBAHHAS
JecTaOMIM3aIys YaCTULl TPOUCXOUT TOJIBKO B MPUCYTCTBUU Kaiblus. O30H Kak COOOMIAIOT
HEKOTOpPBIC YIYUIICHHUS KOATYJISIHIO U 3P PEKTUBHOCTh (DUIIBTPAIIH.

[MpenauBuns (1986) cobupanu naHHBIE C OOJIBIION BOJOOYHMCTHOM W IMOKa3ald, 4YTO
MpeIBapUTENHHO O030HHpOBaHUE Obulo Ooee 3((EeKTUBHBIM, HYEeM IPEIBAPUTEIHHO
XJIOpUPOBaHUsT (QUIIBTPA Uil yMEHbIIeHUsT MyTHOCTH. bekkep m Omenn (2001) mpencraBut
0030p BO3/ICHCTBHS 030HA Ha KOATYJSALIUIO M (PHIBTPAIMIO MPOIECCOB. XOTS 030H WMEET
MHOTO TIPEUMYIIECTB, €r0 PACXO]l SBISETCS 3HAYUTEIBHBIM M €ro pa3MelleHHuEe B 37aHHe
OYMCTKH JIOJKHA OBITh BBIOpaHa C YETKMM IOHUMAHUEM €T0 BIIMSHHIE Ha APYTUe MPOIECChl Ha
eauHuIly nmpoAaykiuu. OHU 3asiBUIIM, YTO JIEHCTBUE O30HA HA KOATyJISAIMHU MOKa3aHO, YTO B
3aBHCUMOCTH OT THIIA KOATyJITHTa ¥ OT Ka4eCTBa BOJIbI, MOKHO BBIOMPATh ONTUMAIIBHYIO 103y
KoarynsgHta. Jlig BoJa yMepeHHbIM U BbicokuM ypoBHeM DOC, no3za koarynisHTa
ycranaBnuBaetcsi koiaudectBo DOC. O3onupoBanue npeodopazyer DOC Ha MmeHbIue, Oojee
HACBHIIIEHHBIE KUCIOPOIOM COCIMHEHHH, KOTOpbIE OKa3bIBalOT OOJBIIOE BO3/IEHCTBHE Ha
MeTaJul KOAryJsiHTa, YeM Y HCXOJHBIX COeIMHEHHH. B 3ToM ciydae, 030HUpOBaHHE MOKET
MIPUBECTH K YBEJIIMYCHUIO B ONITUMANIBHBIX J103aX KoaryisiHTa (DaBapac u Bennamuna, 1992).
O30H MoxeT pearupoBath ¢ ajgcopoupoBanHbiM DOC W H3MEHATH KOJWYECTBO U
KOH(OpMAITHIO aJICOPOUPOBAHHBIX OPTaHMYECKUX YACTHIL, YTO MOKET IPUBECTU K CHIKCHHUIO
JI03bI KOATYJISIHTA.

Boit u En-Mei (2004) 3asBui, yto NOM HMEIOT 04eHb CHIIBHOE BIMSHUE HAa CTAOMIBHOCTD
HEOPTraHMYECKUX YaCTHUIL Yepe3 aaCcopOIHIO, TOKPHITHS U T. /1., B pE3yJIbTaTe Yero MOBEPXHOCTh
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BOJIBI C BEICOKOH KoHIIeHTparueid NOM cinoxHbl 1715t 9P PeKTHBHONM 00pabOTKH KOATryJIIsIUEH.
Panee Yangpaxam u Omu (1996) Taxke m3ydanu BO3JEHCTBHE O30HA Ha KOJUIOMIHYIO
CTa0MIIPHOCT, M arperanuio 4actul, MOKpeIThIX NOM. OHu 0oOHapyXuiu, dUTO
O30HUHIyIIMPOBAHHAS ECTAOMIN3AIMS YACTHUI] IIPOUCXOAUT TOIBKO B MIPUCYTCTBUH KaJIbITHS
M OBUJIO MPEIOKEHO, YTO JAEeCTa0MIM3MPYIOlIee BO3JEHCTBUE OOYCIIOBICHO CHUKCHHEM
cTaOUIILHOCTH YaCTHI] 32 CUET CHHYKEHUS TTOBEPXHOCTHOTO 3apsijia.

OnBapac u benmxamun (1992) uccnenoBanu BIusHUE 030HA HA HECKOJIBKUX MapaMmeTrpax
KayecTBa BObl, KOTOPbIE BIUSIOT HA MOBEIECHUE YACTHI[ B CUCTEMaxX OYMCTKH BOJbl. OHH
OOHApYKWJIM, YTO O30H HE YMEHBIIAeT KPUTHUYECKYIO KOHIEHTparuio koarynsHra AlCls,
FeCls, nnst nectabunu3anuy 4acTUI; WIK YJIYyYIIUTh NPOIECCHl yJaneHus yactul, ecau pH
MOJJICPKUBACTCSI TIOCTOSIHHBIM. Tam He ObIJI0 HHUKAaKuX J0Ka3aTeNbCTB HApYLICHHs WIN
JlecopOLMK OpPTaHWYECKUX MOKPBITUN YacTHIl, PACHIMPEHHBIX YacTWll JAecTadunuzauuu. B
o011eM, Bce BBI3BAHHBIE Pa3pyLICHUEM O30HOBOIO CJOS JECTaOMIN3AlMM YAcCTHIl SIBJICHMS,
OBLITM B OCHOBHOM 00ycloBiieHO cHkeHneM pH, yeenmuenue pH, nnu ocaxnenust CaCOs.

HecmoTpst Ha BCe MOJOXKHUTENBHBIE MOMEHTHI, BIMSHUE O30HUPOBAHHS Ha KOATYJISIUIO,
3TOT MPOLECC AANblIe HY>KHO U3y4aTh OoJiee moapoOHO, 0COOCHHO BO3ACHCTBUS HU3KHX /103
030Ha Ha pa3pylleHHEe MNPHUPOJIHBIX OPraHUYECKUX BEIIECTB, a TAKKE PACTBOPEHHOIO
oprannueckoro yriepoaa (DOC). Takxke cyuiecTByeT HEOOXOIMMOCTb W3YyUHUTh BIIUSHHE
O30HUPOBAHMUS IPHU pa3IU4YHbIX pH mporecca U B coYeTaHUM € pa3IMYHBIMU KOATyJISHTaMU.

Takum 00pa3om, IEISIMU ATOTO MCCIICIOBAaHUS OBLIO JTOKA3aTh MOJOXKHUTEIBHOE BIUSHUC
030HUPOBAHMS Ha KOATYJIAIUIO JUIS YIaJCHUS TIPUPOJIHBIX OPTaHUUYECKHUX BEIECTB, a TAKXKe
OTpeACTUTh ONTUMANBbHYIO J03y W pPH 030HUpOBaHMS, a TakXKe ONTUMAIBHYIO J03Y
KOaryJsiHTa, BBOJAMMYIO JUJIsi OOpaOOTKM TPUPOJTHBIX MOBEPXHOCTHHIX BoJ. Ilokasath
3 HEeKTUBHOCTL O30HUPOBAHUS JIsl KOAryJIALUU JIJisl YIAICHUS 1[BETa, Ha JJUHAX BOJH YD
410 am u YO 254 um u uzmenenus NOM 1o ¥ mociie 030HUPOBAHUS C MOMOIIIBIO JTa3€PHOTO
aHaIM3aTopa pazMepa YacTHIL.

MeToaoorust

Jlns  wuccnenoBanuii Obuta paspaboraHa jabopaTopHasi yCTaHOBKa KHAKO(a3HOTO
o3oHMpoBanms. Cxema 1abopaTopHON YCTAaHOBKH MPUBEJICHA HA pUCYHKE 1.

Bo3nyx c¢ BeicokuM coaepxkanueM kuciaopoaa (70%) mpoxoauT oT 6soKa KHUCIOpoja C
BHYTPEHHEH CyLIKH BO3yXa K reHepaTopy 030Ha. O30H BO3yIlIHAs CMECh I10CIIE TeHepaTopa
C IOMOIBIO PEryJISATOpa NOJauM IOCTYNAET B PEAKTOP ¢ MarHUTHOW MEILAJIKOW U CEHCOPOM
MOHMTOpPHUHIA PACTBOPEHHOI'O 030HA. MOHMTOPHUHI PAaCTBOPEHHOIO 030HAa COCTOUT U3
u3MepuTensHoro Onoka u ympasisomiero ycrpoiictea DOSA Control DCW 120 MF u
ceHcopa o3oHa OZ7H. [laTunk aHanu3upyeT KOHUEHTPALUIO 030Ha B BOJIE, U MIEPEIAET CUTHAI
K U3MEPSIONEMY U KOHTPOIMPYEMOMY YCTPOHUCTBY.

B »Tux wnccremoBaHMSX HMCHONB3YIOTCA JKHUAKO(a3HOoe o30HUpoBaHue. CHayana 030H
BO3/YLLIHAsl CMECH, IPOIYCKAaOT Yepe3 MOJENU BOAbl MpHU pasinuHbiXx pH u no3axo3ona, a
3aTeM MPOBOAMTCS KOATYJISIIUS C PA3JIMYHBIMU KOATyJIIHTAMHU U 103aMH KOAryJIsSHTa.

HccnenoBanus MpoOBOIWIMCH Ha MOJICIISIX BOJIBI, KOTOPBIE COCTOSIT U3 COJICH TYMHHOBBIX
kucnotT Hatpus (s usetHocTd — 50...60), 6eHTOHUT (M1st MyTHOCTH — 1...2) 1 NaHCO3 —
0,5 mmozw/n (OyhepHast eMKOCTB)
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PEryJIATop Moaa49H
L030HO-BOIY ILHOM cMecH

reHepaTop 030Ha -
2, 8 ppm
KonHyecTsa
& peakmap |
_— = ;777 e MaruuTHas Meraika
reHeparop
KHCI0poaa

Pucynok 1 ba3zoBas cxema 1a00paTOpHOH yCTaHOBKH ISl 030HUPOBAHUS.

s uccnenoBanus ObUIO PENIeHO UCTOIb30BaTh KOHIIEHTpanuto o30Ha 0,2 mr/m; 0,5 Mr/im;
0,8 mr/n; u pH ans o3onupoanus 7 u 9. [Ipu ucnbiTanny ObUTM IPOAHATM3UPOBAHBI JIBA THIIA
koarynaarta: PIX 318 u PAX 18 u Tpu pasnuunbie 70351 KaK0T0 U3 HUX. [1nan skcnepumenTa
MOKa3aH Ha pUCYHKE 2.

B ka0l cepun SKCIepUMeHTa ObLTH MpoaHAIU3UpoBaHbl 50 MpoObl BOJBI: MOJIETbHAS
Bojia 0e3 Kakux-Tu00 XMMHUYECKHUX BEIIECTB, MOJEIbHas Boja Tmocie Koppekuuu pH
(mo6asneno HCI nnm NaOH), mozaensHas BoJia Mocie O30HHPOBAHMSI, BOJA TOJBKO IOCIE
KOAryJISIMK 1 BOJIA TIOCTIE KOATYJIISIIIUH U TTOCIIE O30HUPOBAHUS;

s ~,

J O30HUPOBAHHE

I
T 1
I's ~ ~

J pH 7 ‘ J pHY ‘

‘ 0,2 mg O5 H 0,5 mg Oy H 0,8 mg O; H 0,2 mg Oy H 0,5 mg O, H 0,8 mg O, ‘

KOAI'VIIALIA ‘
I

{ PAX 18 ‘

-

{ PIX 318

s

L 4

{ 46,6 pmol Fe/l { 77,7 umol Fe/l {108,8 pmol Fe/l { 45,7 pmol AVl { 68,5 nmol Al/l { 114,2 pmol Al ‘

Pucynoxk 2 ba3oBblii 1u1aH sKcriepiMeHTa

Bce 00pasubl OblTi mpoaHanu3upoBaHbl Ha IBETHOCTH 1o Pt/Co mikane npu UinHe BOJIHBI
Y@ 410 um ¢ nomomrsio cnektpodoromerpa Hach Lange DR-3900, a taxxke B YO 254 u
Y410 ¢ nomomrsto UV-5800PC VIS Spectrophotometer.
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Taxxe MpoBOMIINCH U3MEpeHHsI MyTHOCTH ¢ TToMoIibio 2100Q Portable Turbidimeter amst
KOHTPOJISI OCAXKICHUS TIPH MTPOBEJACHUH KOATYJISAIIUH.

Kpowme toro, uis onpeneseHus N3MEHEHUs pa3Mepa 4acTHLl B MOAEIbHON BOJE 10 U 110CIIE
030HUPOBaHHUA ObUI MPOBEAEH aHanu3 Mastersizer, rie NpUMEHsETCs Ja3epHON aHAIU3aToOp
pasmepa uactui, Mastersizer 3000 — 3To yHUBEpCalIbHBIA WHCTPYMEHT MJisi OBICTPOTO M
TOYHOTO aHalW3a pa3MepoB YacTUIl (M3MEpPEHHs paclpeleNeHHs YacTHIl IO pa3Mepam)
CYyCIEH3HH, JMYJbCHA M CYXOH NOpOMIOK. METOI OCHOBaH Ha HW3MEPEHHH YTIIOBOM
3aBUCUMOCTH MHTEHCHUBHOCTH PACCESTHHOI'O CBETA IPH MPOXO0KICHUH JIa3€PHOrO Jyda yepes
obpaszerI.

Pe3y.]1]>TaTbI 41 oﬁcymeﬂnﬂ

JIist OLIGHKHM JEHCTBHSI 030Ha HA MOJICIBHYIO BOJIy aHAIM3UPOBAIH 9 TPOOBI BOJBI B
MasterSizer, HO U3-3a BBICOKOH YyBCTBUTEIILHOCTH METO/1a M MAJIOH KOHIICHTPAIIMK YaCTHII B
BOJIC TOJBKO HECKOJIBKO O0Opa3loB IOKAa3aJd TIOJIOKUTEIBHBIN pe3ynbraT. Pe3ynbTaTs
TTOKa3aHbl HA PUCYHKE 3:

T T T T T T T T T T T T L S B | T T T T T T 1T}
10 10,0 100,0 10000 10 000,0

Size Classes (um)

LN B | T T T 1 1T T Ty T T T T T T 1717 R T 1T T TTTYy T T T T T 1T 17711}
10 100 1000 1000,0 10000,0

Size Classes (um)

b e e T T P s B L | T | F e i) 7 [ KL | T T I S R U LA | T T L T L L

10 10,0 1000 10000 100000

Pucynok 3 V3mMeHeHue pa3mepa 4acTHIl B MOZACIBHOM BOJIE 10 U rociie o30HupoBanus: (1) MozenbHas Boja, (2)
MopaenbHas Bojia mocie o30HupoBanus o301 0.2 ppm (pH 9), (3) MonensHas Boja mocie 030HUPOBaHUS 1030
0.5 ppm (pH 9), (4) MonenbHas Bojia mocie o3oHUpoBaHus 1030 0.8 ppm (pH 9)

W3 rpadukoB gaHHBIX MOYKHO MPOAHAIN3UPOBATH COCTAB MOJACIHHOIN BOJBI U M3MECHEHUS
MacChl YaCTHI IIOCJIC 030HUPOBAHMUS JJIS pa3InuHbIX /103 030HA (pH 9). HesnaunTenbHbIe 10361
030HAa OKAa3bIBAIOT IMOJIOXKHUTEIbHOE BIMSHME Ha Y(PPEKTUBHOCTH JajdbHEWIIeH KoaryJsiuu
IyTeM U3MEHEHMsI pa3Mepa YacTUIl U Pa3/iesIeHus UX Ha OoJiee MpocThie I (DIOKYIIALUY.

AHaJ'II/ISI/Ip}IH JaHHBIC I/ICCJ'IeJIOBaHI/If;I W JIUTCPATYPHBIC JAHHBIC MOXXHO CACIAaTh BbIBO, YTO
O30H MOXCET OAHOBPCMCHHO COCOAUHATL MCJIKUC YAaCTUIBI U paspyllaTb KPYHHBIC, ACIass UX
Oonee MUHCPAJIMN30BAHHBIMHU U JICTYC YIATIACMbIMHU.

IlepBBIii TECT O30HMPOBAHMA-KOATYJSIUM TPOBOAWIA JUIsl KOAryJsHTa Ha OCHOBE
amomuaust — PAX 18. B mpoBeneHbl COOTBETCTBYIOUIME TECThI, PE3yIbTaThl KOTOPHIX
MPUBE/ICHBI HA PUCYHKaX 4, 5.

W3 rpadukoB MOXKHO clienaTh BBIBOJ, YTO HU3Kas /1032 030HA MOKA3alu YIyYIIeHUE s
koarymsiiun. Mcmonb3yst Tonpko 20 Mkmons Al /m PAX koarynsHTa mokasano yIaleHHS
nBera, npudmmurensHo 80% u ~ 70% ¢ um 0e3 mpenBapUTENHHOTO O30HUPOBAHHA,
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COOTBETCTBEHHO. [103TOMY 030HMpPOBaHME MOXET YMEHbIIUTH KonmnuecTBO PAX koaryssiHTa
JUISL JOCTVKEHUS yAOBIETBOPUTEIBHOIO YAAIECHUS IBETA

) 100

© —

s y #aﬁ

< 80 4

- /

)

5 60 4

S ——0,2 ppm, pH 7
3 / —8-0,5 ppm, pH 7
a 40

= / ——0,8 ppm, pH 7
Q

E 20 / / —#=Coagulation only
g
” 0

0 20 40 60 80 100 120

Jlo3a koaryasiata PAX, Mmrmoab Me/n

Pucynok 4 3aBucuMocTh Mexny ynaneHus nsetHocTH (%) M no3oi koarynsHta PAX 18 mis pasmuuHbIX
KOHIIeHTpanuii o30Ha (ppm) mipu pH 7.

100
80
c\° /ﬂ\
3 ééﬁ"
N 60 ’/ -
2 / ——0,2 ppm, pH 7
E 40 —a—0,5 ppm, pH 7
5 —+—0,8 ppm, pH 7
Sy 20 / —+—Coagulation only
0 u/
0 20 40 60 80 100 120

Jo3a koaryasiata PAX, MkMoab Me/i

Pucynox 5 3aBucumocts Mexnay ynamenuem YO 254 um no3oii koarymsata PAX 18 mist pazmuaHbIx
KOHLIEHTpauuii o30Ha (ppm) npu pH 7.

Crenyrommm marom OblJIO UCCIIE0BATh TOT K€ KOATyJISIHTa U 103bl KOAryJIiHTa, HO pa3Hble
pH mporuiecca o3onupoBanus — pH 9. buio npoBeieHo COOTBETCTBYIONINE TECTHI, PE3YIbTATHI
KOTOpPBIX NPUBEJECHBI HA pPUCYHKaAX 6, 7

100
° ,4:;.==$$
=3 % 7.'_:‘4-—/
-
=

60 A
g ——0,2 ppm, pH 9
2 80,5 ppm, pH 9
g2 40
g / ——0,8 ppm, pH 9
g 20 —#~Coagulation only
§ J
0
0 2

0 40 60 80 100 120
Jo3a koarynssaTa PAX, Mmrmoas Me/an

Pucynok 6 3aBucumocts Mexay yaaieHus nsetHoctd (%) m mo3oi koaryisHta PAX 18 mia pasnuuHbix
KOHIIeHTpanuii o30Ha (ppm) mipu pH 9.

281



100

Ll

RN
i\

///' ——0,2 ppm, pH 9

—a—0,5 ppm, pH 9

——0,8 ppm, pH 9

Ynanenue UV 254, %

~

—+—Coagulation only

(=}

20 40 60 80 100 120
Jlo3a koaryasiata PAX, Mmemoan Me/n

Pucynok 7 3aBucumocts Mexny ypaneHueM Y@ 254 (%) m noszoi koarynsHta PAX 18 jia pasnuuHbix
KOHIIeHTpanuii o30Ha (ppm) mipu pH 9.

Ecmu mpoananu3upoBaTh rpaduKu ¢ pUCyHKa 6, TO MOXHO CKa3aTh, YTO PE3YJIbTaT OT
030HMPOBAHMS HE TAKOH JOOPOKAYECTBEHHBIH, TIO3TOMY MOXHO CAENaTh BBIBOJ, uTo pH 9 He
COOTBETCTBYIOIIEE 3HaUeHUE pH /151 030HMPOBAHUS € KOAryJISALHUEN JUIsl 3TOTO THUIA BOJBI.

Crenyrouuii TecT MPOBOAMIIMA JUIsl KoaryjisiHTa Ha ocHoBe »keneza — PIX 318. beuin
MIPOBECHBI COOTBETCTBYIOIIHE TECTHI, PE3YyJIbTaThl KOTOPBIX MTOKA3aHBI HA PUCYHKE 8.

——02 ppm, pH 9 —8=0,5 ppm, pH 9 ——02ppm,pH7 -—8-0,5ppm, pH7
=4=0,8 ppm, pH9  =+=Coagulation only =08 ppm, pH 7 =#=Coagulation only

=T

60

N4

!

Vaaneuus useruoctn, Pt/Co, %
— L=
= =

¥aanennn useruoct, PtCo, %

/ /
20 20
0 0 /
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Jo3a woaryaanra PIX, mrmoan Me/n Hosa koaryasaTta PIX, memoas Me/a

Pucynok 8 — 3aBucumocth Mexy ynaneHueM 1eTHOCTH (%) u no3oi koarynsHTa PIX 318 s paziaudsbix
KOHIIEHTpawuii o3oHa (ppm) mpu pH 7 u pH 9.

U3 rpa¢pukoB MOXKHO BHIETb, YTO O30HHUPOBAHHWE B COYETAHUH C KOATyJSALUU C
UCTIOJIb30BaHUEM JKeNle3HOro KoaryisHTa, kak PIX 318 ne maer kakux-mu0o ymydmieHuid B
nporecce KoaryJsiuu Boabl. Takum o0pa3oMm, HET CMBICIIA HCHOJIB30BATh O30HUPOBAHHE C
KOaryJisIlyel, UCII0Ib3Ys KOAaryJIIHT Ha OCHOBE JKelle3a.

BriBoaBI

PesynbpTartel uccnenOBaHUI TMOKA3bIBAIOT, 4YTO O30HUPOBAHUS MEpel KoaryJsiuei
MOJIOKUTENIBHO BIIMSACT HAa YCTPAHEHUE [IBETHOCTH, YTO OOYCIIOBICHO HAJIMUHUEM MPUPOIHBIX
oprannyeckux BemiectB 1 DOC, o3oHMpoBanue ymyumraetr yaaneane NOM koarymisiuet, a
Tak)Ke YMEHBIIUTh TpeOyeMyIo 103y KOaryJjsHTa B JiBa pasa.

Hwuskue 10361 030Ha MO3BOJIAET KOHTPOJIUPOBATh Pa3phbIB MOJIEKYJIbI TYMYCa, YTO TTO3BOJIUT
n30eKaTh CHIYKEHUS MOJIEKYJISIPHOM MACChl, YTO MOYKET MPUBECTH K yXYIIIECHHIO (PIIOKYIISIHN
B YaCTHOCTH, U yxyameHue yaaaeHusi NOM B nenoM. IT0 03HAYAET, YTO HUZKHE JTO3bI 030HA
MOKa3aJIM yJydllleHHe M Koaryysinud. lcnonb3oBanme no3sl PAX koaryisHTa OKOJIO
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20 MxMoIb Al/T TO3BOJISIET CHIKATH IIBETHOCTH 710 ~ 80% 1 ~ 70% c u 6e3 npeBapuTeIbHOro
030HUPOBAHMUS, COOTBETCTBEHHO, YTO 03HAYAET, YTO O30HUPOBAHUE YMEHBIIACT KOJIUYECTBO
PAX koaryisiHTa 7)1 JOCTHYKCHUS yIOBICTBOPUTEIHHOTO yIaJICHHMS [IBETA.

Ilocne aHanu3a AaHHBIX HMCCIEJOBAHUI M JINTEPAaTYPHBIX HCTOYHHKOB MOXKHO CJENaTh
BBIBOJI, uTO KoiudecTBO NOM co cpeHUMHU MOJIEKYJSPHBIMM MacCcaMH BO3pacTaeT MpH
MaJlbIX J03aX 030Ha, YeM CTAaHOBHUTHCS O0Jiee MPUBIIEKATeIbHBIMU JJIS yIaIeHUS KoaryJisuen
M3-32 BO3MOKHOCTH O30Ha OJHOBPEMEHHO COCIUHSTh MEJKHE YacTHLBl M pa3pyliaTh
KpYITHBIE, enas ux OoJiee OJIaronpusSTHEI U JIeTde YIaIsIeMbIMH [T KOAryJISIHH.

Ho nns xoarynsiHTa Ha OCHOBE Kejie3a MOHATHO, YTO O30HUPOBAHME HE JaeT KaKUX-TH00
YIIy4ILIEHHUH B IIpoLecce KoaryJsiuu BoAbl. B nanbHENINX UCCIe0BAHNUAX MOXKHO IOIYYUTh
Oosiee ompeseNeHHbIE Pe3yJIbTaThl C UCIOJIB30BAaHUEM HM3KHE J103bl 030HA, a Takxke Oosee
HU3KHUX J103 KOATyJISIHTA.
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Onenka 3(1)(1)6KTI/IBHOCTI/I HHFHﬁHTOpOB OCﬂIlKOOﬁpa?.OBaHHH B YCJIOBHAX
MOJC/JIMPOBAHUS OXJIAKIAIOLIECTO BOIlOOﬁOpOTHOFO IMUKJIa
A. JI. BopooseB*, O. b. [lopmemkun

Benopycckuii rocy1apCTBEHHBIN TEXHOJIOTHUECKHN YHUBEPCHUTET, Pecryonrka benapycs, Musnck, Ceepasiosa 13a, 220005
* e-mail: avorobiov@belstu.by; tel.: +375 29 551 37 22

AHHOTAIHSA

[IpoBenens! nccaenoBanus CTaOMIBHOCTH BOJAHOM CHCTEMBI B JMHAMHUYECKUX YCIOBUSX MPH
pa3muHbIX KodpdunmenTax ynapusanus (KY) ¢ ucmons3oBanrneM MOIEIBHOM 1aO0OpaTOPHOI
ycraHoBkH. O00cHOBaHO onTUManbHoe 3HaueHue KY s uccnenyemoii cucrtemsl. OcyliecTs-
JieHa o1eHKa 3(EKTUBHOCTH ICHCTBUSI HHTUOMTOPOB PA3IMUHBIX KJIACCOB. Y CTaHOBJIEH CH-
HEPTU3M UHTUOUPYIOUIETO EHCTBUS KOMITO3ULIMI opranodocdara ¢ 1ByXOCHOBHBIMHU KapOo-
HOBBIMH KHUCJIOTaMHU.

Abstract

The investigations of water systems stability in dynamic conditions with different evaporation coeffi-
cients have been conducted using the laboratory scale plant. The optimal evaporation coefficient justi-
fied for the investigated system. The estimation of different classes’ inhibitors effectiveness was con-
ducted. Established the synergism of inhibiting effect of organophosphate with dibasic carboxylic acids
compositions.

KawueBbie ciaoBa: BomooOopoTHBIN IUKI;, 0caJKooOpazoBaHWe; cTaOWIM3aIlOHHAs 00paboTka
BOJIbI; HHTUOUTOP; BOJIOTIOIIOTOBKA.

BBenenue

TexHonmornyeckuii Mponecc cTabMIM3annoOHHON 00padOTKH BOJBI MPETyCMATPUBACT BBE-
JICHHE PeareHTOB JJIsi HHTHOMPOBAHUS OCAXKIICHHS COJIeH KECTKOCTH M KOppo3un. B xauecTse
peareHToB-MHTHOMTOPOB 0CAAKO00pa30BaHus (Jlajiee — MHTHOUTOPOB) MIMPOKO UCTIONB3YIOTCS
oprannueckue gocdatsl (opranodocdarsr — organophosphates): pochonoBbie kucnoTbl, hoc-
(hoHOKapOOKCHIIbHBIE KHCIOTHI, aMHHOAIKHICHOBBIE(HOCHOHOBBIE KUCIOTHI, 3Gupsl dhocdo-
HOBBIX KHCIIOT U oprannyeckue noiaukucioTsl (Hosokawa, 1999; Cowan, 1976).

Knaccuueckast monens pocta kpuctamioB (I'm66c, 1950; Bynbd, 1952) Bkimtouaer He-
CKOJIBKO CTaJuii: 00pa3oBaHHe CyOMHKPOCKOIMYECKUX 3apo/bliieii TBepaoi ¢asbl (Hykiea-
IsT), POCT KPUCTAJUIOB M MX arjomepaiusi. MHruOUTOphI MPensaTCTBYIOT 00pa30BaHUIO 3apo-
JIBIILICH M MTOBBIIIAIOT «IIOPOT» NEPECHILICHUS CHCTEMBI, 3aMEUISIOT POCT KPUCTAIIIOB, BO3JICH-
CTBYIOT Ha UX OPMY U pa3Mep, MPENITCTBYIOT arperamuH.

Wuruburop agcopOupyercsi Ha TOBEPXHOCTH 3apopliield U Onokupyer ux poct. Habmonaercs
MOPOTOBBIHN, UK CYOCTEXHOMETPUIECKHIA P (EKT, KOTaa pacTBOP HAXOIUTCS B TIEPECHIILIEHHOM CO-
CTOSIHUU 03 00pa30BaHus 0CaKa. 3apOIbIIIN KPUCTAIUIOB, HE TOCTUTIIINE KPUTHYECKOTO pa3Mepa,
PacTBOPSIOTCS, @ PACTYIINE KPUCTAIUIBI MMEIOT UCKAKEHHYIO KPUCTAIIMYECKYIO CTPYKTYpy. Kpu-
CTAJUIMYECKHH OCaI0K COCTOUT U3 MEJIKUX YaCTHULl HEMPaBWILHON ()OPMBI, KOTOPBI JIETKO yaais-
eTcs B BUJIC MEJIKO/IMCIIEPCHOM B3BecH. Hanbomnee BEICOKYI0 3 PEKTUBHOCT JICHCTBYSI IMEIOT MH-
THOUTOPBI, CIOCOOHBIE BO3/IEHCTBOBATH HA BCE CTAINHI KPUCTAILIU3ALINH.
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Bnusinne nHrnOMTOPOB HAa KPUCTAIIM3ALMIO COJICH JKECTKOCTH MOXKHO OICHUTH pasiIvy-
HBIMH MeTO/IaMU (PEHTIeHO(DA30BbIN aHAIN3, AaTOMHO-a0COPOIIMOHHAS CIIEKTPOCKOITHS, DJICK-
TPOHHAST MUKPOCKOIIUS U 1p.). Bompocam (hyHIaMEeHTaIbHBIX HCCIIEOBAHUI KPUCTAITN3a-
WU ¥ BIUSHUS Ha HUX XMMUYECKUX COSIMHEHHWU PAa3IMYHON MPHUPOJBI MOCBANICHO 3HAYH-
TeJIbHOE KOJIM4YecTBO Hay4yHbIX myOnukanuii (Tomson et al. 2003; Gunasekaran et al. 1997).
MeToibl KOTMYECTBEHHOM OIICHKH M CpaBHEHUS 3P PEKTUBHOCTH MHTUOUTOPOB MPAKTHIECKH
HE ONMCAHBI B INTEPATYPE U MX BBIIOJIHEHUE SBIIACTCS CIIOKHOM 3a1aueil. IT0 00yCIOBICHO
LUPKYJIALUEH BOJBI B 3aMKHYTOM IIUKJIE€ C MOANMMTKOM M YaCTUYHBIM YIAJCHUEM BOABI U3
11KIIa (MpoayBKa). B BogooO0poTHOM 1HKIIE IPH MONIEPEMEHHOM HAarpeBaHUU U OXJIAXKICHUU
BOJIbI KPUCTALTU3AIMS MTPOXOAUT B INHAMUYECKOM pPEXHUME, IIOCTOSHHO MEHSETCSl KOHIICH-
Tpamus coJiei KeCTKOCTH.

s oneHkH 3P PEKTHBHOCTH MHTHOMTOPOB OOBIYHO HCIIOJB3YIOT METOJ OIPEIeICHUS
OCTaTOYHOW KOHIICHTPAIMK HAKUTICOOpa3yrIUX HOHOB B HAJOCAJ0YHON KHUIKOCTH 4epes3
OTpeJieNIeHHbIE TIPOMEXYTKHA BPEMEHH, TO3BOJISIONIMIA KOCBEHHO OIICHUTh MHTEHCHBHOCTB
nporeccoB kpucramumsanuu (Yaycos, 2008). Hwuzkas TouHOCTh MeTOAa 00YCIOBIIEHA CIIOXK-
HOCTBIO TEXHHKH pa3/IeIeHHs pacTBOPa U 0Caaka M BO3MOXKHBIM 00pa30BaHUEM KOMILJICKCOB
MEK/1y MHTHOUTOPOM ¥ HOHAMH KaJIbIHsI M MarHHs.

Mertoabl U3yuyeHHs KpUCTAIM3alMM KapOoHATOB u3MepeHueM pH, cBeronpomyckaHus,
AIEKTPOTNPOBOIHOCTU CHUCTeMBI Wil Macchl ocanka (Lopez-Macipe et al., 1996; Gomez-Mo-
rales et al., 1996; Tantayakom, 2005; Chen et al. 2005) orpaHWYeHBI )KECTKUMHU TPEOOBAHHSIMH
K YCIIOBUSIM IpOBeieHHs dKkcriepuMenTa. OOIMIMM HeI0CTaTKOM MEPEYHCICHHBIX METOJIOB SIB-
JSIeTCS TO, YTO OHU HE MOJICTTUPYIOT YCIOBHS BOJJOOOOPOTHBIX IIUKJIOB.

B nHacrosimei cratbe onucaH METO/ OLEHKH YPPEKTUBHOCTH UHIMOUTOPOB, MOJIEJINPYIO-
KN TUHAMUYECKUe YCIOBUS 0CaJKO00pa30BaHUs, YUUTHIBAIOIIUI MIOKa3aTeIn BOLOOOOPOT-
HOTro 1ukia: koddduumenT ynapusanus, uajekc Jlamkense, Temnepatypy, pH u ap. Meron
OTHCAaH Ha MPUMEPE UCTIONL30BAHUSI HHTHOUTOPOB opranodocdaros.

Onucanue KCePUMEHTA

Jlnst onieHKY A PEKTUBHOCTH HHTMOUTOPOB B TMHAMHYECKHUX YCIOBHUIX HCIOIb30BaHa MO-
nenbHas tabopatopHas ycranoBka PMAC SCL-30P-2A (BenukoOputanust) (pucyHok 1). Me-
TOJIMKA SKCIIEPUMEHTAa OCHOBAHA Ha OTIPEICIICHUH JTABJICHUS B KaMUIIpax TeII00OMEHHUKA
B pe3yJbTaTe 00pa3oBaHMs HAKHIIH.

Pucynox 1 Monensnas ycranoska «PMAC SCL-30P-2A»
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B xanumsapel ycTaHOBKH (MaTepuai Kanwuisipa — Hep KaBerolias ctaib, quaMetp 1.1 mm,
JuiHa 1 M, CKOpOCTb MoAa4YH pacTBOpoB 10 MJI/MHH) TP OCTOSIHHOM 00bEME U pacxoJie 1Mo/ia-
IOTCSL PaCTBOPHI XJIOPHJIA KABIHsI, MarHUS U THApokapOoHaTa Hatpus. [locne cMemmBaHus 1
HarpeBaHus pacTBopoB 10 90 °C Ha BHYTPEHHUX CTEHKAX KaIMMLISIpa MPOUCXOIUT 00pa30BaHMe
KapOOHaTa KaJbI¥sl, YTO TIPHUBOIUT K MOBBIIICHHUIO JaBJICHUS B Kanwuisipe. Ha mudpoom Tadmo
bukcupyroTcs cBeeHus o aupepeHInaTb-HOM aBlIeHnd B Kammnisgpax. [Iporpamma aBToma-
THUYECKH 3aIMCHIBACT JAHHBIC B CO3/IaHHBIN (DAl uepe3 yCTaHOBIICHHBIC TPOMEXYTKH BPEMEHH,
KOTOpBIE BHIOMPAIOTCS U yCTAHABIMBAIOTCS 10 Hayasa Ipolecca 3arucu.

WnTepBan BpeMeHH (T), B TeUEHHE KOTOPOT0 00pa3yeTcs HaKUMb B KaIMJUIAPE U yBEITUYH-
BaeTcs nTuddepeHIaIbHOe JaBJIeHHE OT HyJIS 10 ONPEACICHHON BETMYUHBI, UCTIOIh30BaH B
KadecTBe Mmoka3atess 3pPeKTHBHOCTH HHTHOMPOBAHUS 0caKo00pa3oBanus. JlaHHbIH moka3a-
TEJb SIBJSIETCS OTHOCUTEJIBHON BEIMUMHON U XapaKTepU3yeT CHIKEHHE CKOPOCTH 00pa3oBa-
HUS ocajka B Kamwuisipe. DPpPeKTHBHOCTh MHTHOUTOPA U ONTHMaJIbHOE 3HAYCHHE ero KOH-
HEHTPAIUU MOKET OBITh OIEHEHO T O BEJIMYMHE NPUPAIICHUS JaBICHUS B KAUIUIAPE 32 OIpe-
JICJIEHHBIN TPOMEXKYTOK BPEMEHH.

B xauecTBe HHTHOUTOPOB 0CaIKOOOPA30BaHHMs HCIIOIB30BAIIH CJIEYONIAE KHCIOThL: OKCH-
stunuaeHandocdonoByro (O2/1P) amunorpumerundochonoByo (ATM®P) u aaiunuHOBYIO
(AK) (Sigma-Aldrich). [TapameTpsl BO/ibl, HCIIOIb3YEMON B SKCIIEPUMEHTAX, IPHU PA3IUUHBIX
3HaYeHUsAX Ko3(duuumenta ynapupaHus puBeaeHbI B TadauLe 1.

Taosmuua 1 ITapameTpsl BOABI IPH Pa3INYHBIX 3HAUCHUSAX KOd(PUINCHTa yIapuBaHUsI

Koa¢pdpuunent  Ilenounocts, KoHmeHTpanus HOHOB, MI/J Hunexc
2+ 2+ H
ynapuBaHus MMOJIBb/JI Ca Mg Jlankeqane
1.0 5.0 49.9 12.7 7.5 0.7
1.1 5.0 55.3 14.1 8.4 1.7
1.5 6.8 75.3 19.4 8.6 2.2
2.0 9.0 100.1 25.7 8.8 2.5
2.5 11.3 125.3 323 8.9 2.9
3.0 13.5 150.2 38.6 9.0 3.1
3.5 15.7 175.4 45.2 9.1 33

Pe3yabTaThl 1 UX 00CyxK/IEHUE

Ha pucynke 2 npuBeeHbI SKCIIEpUMEHTAIbHBIE KPUBBIE 3aBUCUMOCTH U3MeHEeHus nudde-
penuuanbHoro nasienus (dP) Bo BpeMeHu npu HEMpephIBHON HUPKYJIISAILMHA MOJIEIBHOM KUJI-
KOCTH.

MO>KHO BBIICIUTH HECKOJIBKO YYaCTKOB: HaualIbHbIH (I cTaans), Ha KOTOPOM M3MEHEHHE /1aB-
JIeHUs HE IIPOUCXOINT, Aajiee Y9aCTOK OCTeNeHHoro yBennueHus nasnenus (11 cranus) u, Hako-
HEIl, y9aCTOK Ha KOTOPOM HaOJIF01aeTCsl CKauKooOpasHbIid pocT AuddepeHInaibHOro IaBIeHusI.

V4acTok KpHBOii 03 U3MEHEHHS JABJICHHS XapaKTePU3yeT CTAIHI0 00pa30BaHus 3apOIbIIIeH
KpucTaiu3anuy. Hayano oOpa3zoBaHus oca/ika Ha BHYTPEHHHX CTEHKAX KaIMJUISIPa COMPOBOXK-
HAaCTCA MOCTCIICHHBIM YBCIIMYCHHUCM J1aBJICHUA. HpOI[OJ'DKI/ITCHI)HOCTB )IaHHOﬁ CcTaauu 3aBUCUT OT
CKOPOCTH POCTa KPUCTAILUIOB M CTENICHH AUCIIeprupoBaHust B cucteme. [locienHuii ygactok pes-
KOT'0 POCTa [JABJICHHS CBU/ICTEILCTBYET O MOJHOM 3apAaCTaHUU KAITULTSIPA OCATKOM.

Kak BugHO Ha pucyHKe 2, B MOJENBHOW cucreMe npu Kodddummente ynapuBanus 1.1
(LSI = 1.7) uaTepBan BpeMEHH JI0 ITOJIHOTO 3apacTaHMs KallWuisipa B 3 pa3a BhINIC, YEM B CH-
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creme ¢ KY 3.0 (LSI = 3.1), npuuem xapakTep 3TOi 3aBUCUMOCTH IpH pa3nudHbeix KY He me-
HSETCS, YTO CBUJIETENBCTBYET O TOM, YTO MEXaHU3M (POPMHUPOBAHUS U POCTA KPUCTAIIIOB OCTa-
€TCsl HeU3MEHHBIM, U3MEHSIETCS JIHILb CKOPOCTh KPUCTAIIN3ALINH.

dP, psi
44
I I

Pea o e
0 T T T T T

0 2000 4000 6000 e

—_— ?
a
dP, psi
4 4
I
2000
T,C

Pucynoxk 2 3aBHCHMOCTD aBJICHUS OT MPOIOIDKUTEIBHOCTH ocankooOpazoBanus mpu KY = 1.1 (a) m 3.0 (6)

[Toewimienne KY ot 3 10 3.5 npuBOIUT K HHTEHCUBHOMY 0CaJIKOOOPA30BAHUIO MTPAKTHYEC-
CKH C HaYaJIbHOT'0 dTara MUPKYJISIuH. [IpoaomkuTeibHOCTh 0€30Ca09HOr0 (PYHKIIMOHUPO-
BaHUS CUCTEMBI ITPH pocTe KO PUIIMEeHTa yrIapuBaHUs 0 3HAYCHUS 3.5 PE3KO CHIKACTCS —
noutu B 20 pas. B cucreme ¢ BricokuM 3HaueHueM KVY mpakTuuecku ncyesaer y4acTok 0e3
W3MEHEHUS IaBIICHUS, YTO CBUJIECTEIBCTBYET O BICOKON CKOPOCTH 3apO/IbIIe00pa3oBaHusl U
pocTe KpucTamuioB. XapakTep 3aBUCHMOCTH MPOJAOKUTEILHOCTH 0CaAK000pa3oBaHus (T) OT
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3HaYCHHH nHCKca JIaHkebe MOATBePKIACT MOTYICHHBIC JaHHbIC O COCTOSIHUMA CUCTEMBbI U
MO3BOJISIET YCTAaHOBUTh ONTHMAJIbHOE 3HaUeHUE KOd((UIlMEHTa yIapuBaHus, paBHOE TPEM
(pucynox 3).
T,C
80009

6000 ;

4000 +

2000 +

O % T 2 T B T T 1
2.0 2.5 3,0 3.5 4,0

LSI

Pucynok 3 3aBUCHMOCTB IPOJOIDKUTEIILHOCTH 0CaIKO0Opa3oBaHus (T) oT 3HaYeHus nnaekca Jlamxense (LSI)

DKCIIEpUMEHTBHI, POBEJICHHBIE Ha MOJIENbHON YCTaHOBKE, MOKA3aJIH BBICOKYIO 3((EKTHB-
HOCTh MHTUOMTOPOB HAKUTICOOPa30BaHUS HA OCHOBE OopraHuveckux gocharoB B orpaHUUYCH-
HOM JMana3oHe 3HaYyeHni uHaekca Jlamkense (Tabmumma 2). B cuctemax ¢ KY 3.0 ATM® u
O3 1® yBennuMBAaIOT MIPOAOILKUTENIBHOCTD 0CaK000pa30BaHus B CPeHEM B 2.8 paza 1o cpaBHe-
HUIO C KOHTPOJIbHBIM OITBITOM.

[Tpu paBubIX KOHUIEHTpaMIx OO /1D, nmeroeii B cocTase 1Be pochoHATHBIE TPYTIIIBI, Me-
Hee 2 dexTrBHa, o cpaBHeHHIO ¢ ATM®, KoTOpas cofepkuT Tpu PochoHaTHBIE TPyl B
cucreme ¢ pH 8-9 (pH BomooGopoTrHbIX nukioB) dochonaruasie rpynmet ATMD nu O3 AD
JMICCOIMUPYIOT H JINIIb 0/1HA (hochoHATHAS TPYIIIIA OCTAETCS YACTHYHO HEANCCONUPOBAHHOM
(Browning and Fogler, 1996; Wen et al., 2004). B cBs3u ¢ 3TuM, HECMOTpSI HA PaBHYIO KOH-
IIEHTPAIINIO, KaK TI0 CyXOMY BEIIECTBY, TaK M 10 Macce opranndeckoro (gochopa, ATMD 06-
naiaet Oonbiieit 3P PEeKTUBHOCTHIO.

AMTIMHOBAsT KHCIIOTA MPAKTHIECKH HE BIMSET Ha MPOIODKUTEIIFHOCTh 0CAIKOOOpa30BaHMsI.
B cBs131 ¢ TeM, 9TO HAa MOBEPXHOCTH KPUCTAILIOB KApOOHATOB HAXOAUTCS CIIOW TOJIIPH30BaH-
HBIX MOJIEKYJI BOJIBI, MOJIEKYJIBI HHTHOUTOPOB JOJDKHBI UMETh CHIIBHO OTPUIIATETIHHO 3apsKEH-
Hble (YHKIIMOHAIBHBIE TPYIIBL, CIIOCOOHBIE PA3pyLINTh THApaTHYIO 000104Ky (Geffroy et al.,
1999). OtcyTcTBHE HHTHOUPYIOMIETO NCHCTBYS B crcTeMe ¢ AK OOBSICHSETCSI TeM, YTO SHEPTHSI
azcopOImy KapOOHOBOM KHCIOTHI 3HAUUTEIBHO HIXKE MO CPaBHEHHMIO ¢ opraHodocharamu u
JUISl B3aUMOJICHCTBUS C TIOBEPXHOCTHIO HEOOX0AMMO Hanmuuue 15 u Oonee KapOOKCHIBHBIX
rpynn B Mmosiekysie (Weijnen and Van Rosmalen, 1985).

Kak BugHO 13 tabmmiel 2, cmecu ATM® ¢ aiuITuHOBOM KHCIOTOW HWMEIOT OJMHAKOBYIO
s dexruBHOCTD, Kak 1 ATM® ¢ xonnenTpanueii B 4 paza Oomnpmie. CHHEPTU3M HHTHOUPYIO-
IIET0 JEHCTBUS MOXKHO OOBSCHUTH MX B3aMMOJENCTBHEM CO CTAOWIBHBIMH KOMILJIEKCAMHU
WOHOB KaJIbIIMs Ha MOBEPXHOCTH 3apobliieil. [Tpyu 5ToM JBYXOCHOBHBIC KAPOOHOBBIC KUCIOTHI
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CIOCOOCTBYIOT PACTBOPECHUIO 3apojbllieli kKapOoHaTa Kaiblus ¢ GpochoHATOM, B MOJIEKYJIbI
TIOCJIE/THETO BBICBOOOXKIAIOTCS AJIsl OIOKUPOBKH MOCIIETYFOIMX aKTHBHBIX [IEHTPOB poCTa MO~
BEPXHOCTH.

Ta6auna 2 BiusiHne KoMIIo3uIui opranndeckux GpocdaToB n KapOOHOBBIX KUCIIOT Ha TIPOJIOIKUTEIBHOCTD CTa-
I 0caKooOpa3oBaHUs

I[Ipoao/KUTEIbHOCTD 0€aAK000pa30BaHNs, MUH

HauMeHoBaHMe U KOHIIEHTPAIHS Ky=1.1 Ky'=3.0

(MI/1) 0GaBKH LSI=1.7 LSI=3.1

RI=5.8 RI=34

Ier. Her. O6mas  Ier. Iler. OOmas

Kontposs (6e3 1006aBoK) 16.5 83.5 100.0 3.5 26.5 30.0
AK (1 mr/m) 17.0  87.0 104.0 3.5 28.0 31.5
OS2 AD (0.05 mr/m) 32.0 128.0 160.0 4.0 30.0 34.0
ATM® (0.05 mr/m) 44.0 1450 189.0 12.0  40.0 52.0
ATM® (0.2 mr/m) — — — 33.0  106.0 139.0
ATM® (0.05 mr/n) + AK (0.5 mr/m) 109.0 261.0 370.0 33.0  86.0 119.0
ATM® (0.05 mr/n) + AK (1.0 mr/m) — — — 60.0 114.0 174.0

OTUM OOBSCHSETCS YBEIMYEHHE MPOJOJIKUTEIBHOCTH CTaJIUuU 3apOAbIIIe00pa3oBaHus
(I ygactok KpuBOI), a Tak’ke B HEKOTOPOU crereHu ctaauu pocta kpuctamios (II yuactok
KPHBOH), OCKOJIBKY JIByXOCHOBHbIE KapOOHOBBIE KMCJIOTBI CIIOCOOHBI TaK)Ke€ Pa3pbIXJIATh U
pacTBOPATH 00pa30BaBIINECS OTIOKEHUS KapOOHATOB.

Kaxk mokazanu Hamm HCCJICA0BaHuA, CUHCPIU3M I/IHFI/I6I/Ipy10HIeFO HeﬁCTBHﬂ Ha6J'I}O,I[a€TC$I
W IJId ApyTrux JII/IKap6OHOBI)IX KHCJIOT: maBeneBoﬁ, HHTapHOﬁ n FJ'IYTaPOBOI\/'I, OJHAKO SABJIACTCA
MCHCEC BbIPA’KCHHBIM.

Taxkum oGpaszom, ¢ ucnonb3zoBanneM ycraHoBkn PMAC SCL-30P-2A Obina BBIOMIHEHA
OLICHKA CTa0MIBHOCTH MOJICJIBHOM CHCTEMBI IPH Pa3IMYHBIX 3HAYEHHUAX Kod(duIenTa yma-
puBaHus. JlokazaHO, YTO TIPU yBEITUUEHUH KOA(PPUIIMEHTA YIapUBAHHS TTPOOKUTEILHOCTD
0CaZK000pa30BaHUsl YMEHBIIAETCS B PABHOM CTENEHH, KakK Ul CTaAMU 3apOoblleo0pa3zoBa-
HUSL, TaK U JUI CTAJIMU POCTA U arJIoOMepalyy KpUCTAUIOB. Y CTAaHOBJIEHO ONTUMAJIbHOE 3HaYe-
Hue Kod(hduimeHTa ynapuBaHus Juisi BRIOpaHHON MOJIeNbHON crcTeMbl, paBHoe 3.0. Pesyib-
TaThI IKCTIEPUMEHTOB MOKAa3aJIi BEICOKYI0 3 (EKTUBHOCTh HHTHOUTOPOB HAKUTIE0Opa30BaHHMSI
Ha OCHOBE OpraHm4eckux ¢ochaToB B Mpenenax OrpaHMYEHHOTO JAHAna3oHa 3HAYeHUH HH-
nekca Jlamxkennse. [Ipu ontruMansHOM 3Ha4YeHNH KodddunmenTa yrnapusanusi (3,0) opranodoc-
¢atsl (B wactHOCTH, ATM® 11 O3 /[®) yBennunBarOT MpOAOKUTETHHOCTD 0CaIKO00pa3oBa-
HUSI B CpPEIHEM B 2,8 pa3a 1o CpaBHEHHIO C KOHTPOJIEM; TUKapOOHOBBIE KUCIIOTHI (3 JUITMHOBAS)
NPaKTUIECKU HE BIMSIOT HA IPOIOJKUTEIBHOCTH 0CaJKO0Opa30BaHusl. Y CTaHOBJICHO, UTO JUIS
kommo3uin oprasopocdara (ATM®D) ¢ mukapoonoBoit kucinoToit (AK) mpu ux cooTHoIe-
Hun | : 20 obagaer xapakTepHo Hamuune Y dexTa CHHePTU3Ma, 4TO 00ecneBaeT s yKa3aH-
HOM cUCTeMBI Takylo ke 3(dexkTuBHOCTS MHTHOUpYIOLIero neiictus, kak ATM® ¢ koHIeH-
Tpanumeii B 4 paza 00Jblile, 4eM B KOMIIO3HIINH.
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Te3ucel

[Ipu pazBuTim TEXHOC(EPHl BO3PACTAET BO3ACHCTBUE YeTIOBEKA HAa ruIpochepy, B TOM
YHCIIe 32 CYeT yBEJIMYEHHUs o0beMa cOpoca MPOMBIIUIEHHBIX CTOYHBIX BOA. JlaHHas paboTa
MOCBSIILIEHA METO/aM aHajM3a KauecTBa IMOBEPXHOCTHBIX BOJ peku ChIpaapbs TSLKEIbIMU
MeTaJulaMH Ha TeppuTtopun PecrryOnmku TamkukucTaH.

B 30mHe ¢opmupoBaHUS CTOKA, KaueCTBO IMOBEPXHOCTHOW BOIbI peku Chiprapbs
OTHOCHUTHCS K | M 2 Kj1TaccaM YMCTOTHI (YMCThIE BOJbI), HO TI0 ITyTH ABHXKEHUS PyCIOBOH U 1O
PYCIIOBOI MOTOK HACHIIAETCS YaCTUIIAMH TOPHBIX MOPOJI, KOTOPBIE, PACTBOPSSACH TOBBIMIAIOT
MUHEPAJIbHBIA COCTAaB YHUCTOM mNpupogHOoW Boabl. Kpome Toro, opomieHue BHOCHUT
CYIIIECTBEHHOE M3MEHEHHH B MUHEPAIbHBIH COCTaB PEYHOW BOJBI, HO U B ATOM CiIydae 3a
npefesiaMi  PECIyOJIMKM  MTOBEPXHOCTHBIE  BOABI  MPOTEKAIOT C  MUHEpalu3alen
(cpenHeMHOTOJIETHRIE  AaHHBIC) goxoxsmer g0 0.6-0.85 r1/n. Ilpudem, Oombrmast
MUHEpaIu3aIus OTHOCUTCS K OacceitnaM peku Coipaapss (o 0.85 r/m) [1].

W3ydas XUMUKO-OMONOTMYECKHE TIIOKa3aTeaH KadecTBa BOAbl KalpakKkyMCKOTo
Bojoxpanmwmma M. M. AnubaeBoii [2] oTMmMedaeTcs, 4TO B IEpBBIE TOJBI 00pa30BaHUS
BOJIOXPAaHWINIIA TIPU €ro o0IIeM (OHE OJIMTOCapOOHOTO BOJAOEMAa B OOJIBIIOM KOJHYECTBE
(mo 400 ox3/M?) GbuM mpencTaBaeHsl Buabl poga Tanypus (T.punctipennis. T.villipennis).
OpHako nociue 80-X ro10B NPOLUIOro BeKa, B CBA3M M3MEHEHHUEM CTaTyca BOAOXPaHUIIMIIA OT
onuroTpoduu K 3BTpodHOMY, 3T BUJBI UCUE3NIM U3 COCTaBa Makpo3oobeHtoca. Mcxons u3
MHJIEKCOB CAalpOOHOCTH MHAMKATOPHBIX BUJIOB, JAIHM 3KOJIOT0-OMOJIOTHYECKYIO OLIEHKY 30H
canpoOHOCTH BUABI M0 yyacTKaM BojoxpaHuiuma. Pexa Celpaapbs Ha MeCTO BHAJEHHS B
BOJIOXPAHWINIIE OTHOCUTCS K alib(a-Me30canpoOHON 30HE (KauecTBO BOJBI HYHUCTBIM),
HEHTpalbHasl 4acTh BOJIOXPAHMIIUINA, OTHOCUTCS K OeTa-Me30carnpoOHON (KauyecTBO BOJIbI
c11abo 3arps3HEHHON) ¥ Hanbosee 3arps3HEHHBIMU BOJIOXPAHWIININA SBIISIOTCS IIEHTPAIbHbIC
Y TIPUIIOTUHHBIE YYACTKH.

Bona Bogoxpanmwnmma no kimaccupukanum O.A. AnekcuHa [3] OTHOCHUTCS K
cynb(haTHOMY KJaccy, TaK Kak UMeeT OOJIbIIYIO CTeleHb MuHepanu3anuu (720-1250mr/m).

Ha neBom Oepery k BOJOXpaHWJIMILY HPUMBIKAIOTCS MpUTOKU pekn Wchapunka u
JIpYTHE€ «CE30HHBIE» pyubd. Bce uWX MNpUBHOCHBIE MaTepuaibl OCEAAIOT Ha  JIHO
KaiipakkyMcKOro BoJoXpaHUIHILIA.

B pexy Cripmapesi TeKyT cCOpPOCHBIE BOABI OpOIIAEMBIX TEPPUTOpPHUIl ero OacceifHa:
rycroHaceneHHble paiioHbl Depranckoii qonuusbl (Y36ekuctan, Koipreiscran, TamkukucTan),
HayuHasg OT HWxke TedueHuss pekn Hapema no mnotwssl Kaiipakkyma. IlosTomy B
BOJOXPAaHWINIIE IONANAKT IPOMYKTHl XUMHUH, HCIIOIb30BAHHBIE B CEIBCKOM XO3SICTBE,
OTXObI KPYMHEHIINX IPOMBIIIICHHBIX Npeanpuatuii @epranckoit noiauxsl [4].

OO0mrast xecTKocTh BOAbl KaipakkyMCKOTO BOJOXpaHWJIMINA B TEYCHHWU CE30HA (C
ampens 1o Jekadpp) konedamuch ot 5.78 mo 9.6 mr-ske/n. E€ HamOomblnee mokasarenu
MPUXOIMINCH Ha BeCEHHUH meproa. CyMMa MOHOB B CpelHEM 3a TOJl cocTaBisuia 791.2 mr-
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9KB/1. OO11as ’KECTKOCTH BOJbI B IPUIJIOTHHHBIE yyacTku KalpakKyMCKOro BOIOXpaHMIINIIA
Ha 30 % Oonpme ot [1JIK (Tabi.2).

ITo MHeHUIO0 aBTOPOB PadOT [5], 3HAUUTEIBHOE COAEPKAHME MarHus CBSI3aHO C €ro
IPUBHOCOM M3 BEpPXOBHEB pEKH, a TaKkKe HakoIluleHueM ero B Bogax Kaiipakkyma.
3HaYMUTENbHOE KOJMYECTBO XJIOpa B TP00aX MOXKET OBITh CBA3aHO C 3aCTOMHBIMH MIPOIIECCAMH,
XapakTepHBIMU JJISI PEYHBIX BOJOXPAHWJIMIL, TO €CThb CHWKEHHE YPOBHS BOJBI B TEPHOA
MOJIMBHOTO CE€30HA, pa3BUTHEM (DIIOPHI U €€ 3arHUBAHUEM IIPH 3aNIOJTHEHUH BOJIOXPAHUIINIIIA
B 3UMHMUIA nieproJ1. Pe3koe yBenmuueHue conepxanus Cyab(ara B BOJIE MOXKET ObITh CBS3aHO C
mpoueccaMy MUTpaluM HOA3€MHBIMM BOJAaMHM M TPUBHOCA JOHHOTO 3arps3HUTENS C
TEPPUTOPHUH CEIHCKOXO03HCTBEHHBIX 00beKkTOB Depranckoit u Cornuiickoii obnacteit. Cyxoit
octarok npessimatot [T/IK.

Cpeau TsDKenbIX 37eMeHTOB B peke ChIpAapbs MPHCYTCTBYIOT KEJI€30 MapraHell,
HUKEIb, XpPOM U MOJHO/IEH.

W3yuduB, uMeronye MaTepuaiibl, HAMU ObUT BbIOpaH OOBEKTOM HCCIIEOBAaHMS BOAA
Oacceiina pexku Ceipaapbst B nipenenax Coramiickor obmactu Tamkukucrana. Ot6op mpod
BOJIBI JUISl aHAJIM3a OCYIIECTBIISUIA C MTOMOIIBIO MpodooToopHuKa B cooTBeTcTBHM ¢ [OCT P
51592-2000 «Boga. O6mue tpeboBanus k ordopy mpod» u 'OCT P 51593-2000 «Bona
nutbeBast. OTOop mMpod» B eMKOCTH U3 momdTHIeHa 00beMoM 0.5 ky0.am. [l onpeneneHus
pPacTBOPEHHBIX METAJUIOB, TPOOBI BOABI (PHIBTPOBAIH Uepe3 MeMOpaHHbIH GuiabTp 0.45 MKM,
00 OyMakKHBIM (PUIIBTPOM «Oenast ICHTa» M MOAKUCIISIIN a30THOM KUCIOTOM 10 pH<2.

OTtobOpanHble TPOOBI TEPEHOCHIN B KyJIep C 3aMOPOKEHHBIMHM OXJIQAUTENISMHU U
TPAaHCTIOPTUPOBAIN MPOOBI B TA0OPATOPHUIO IS TPOBEACHNS aHATH30B. B ciydasx xorma He
OBUTO BO3MOKHOCTH MPOBEACHNUS aHAJIH30B CPasy, MPOObI XpaHWIN B XOJOJMIBHHIKE MpH t=3-
4°C. Amnamuz mpo6 B TIOJNEBBIX YCJIOBMAX INPOBOJAMIM C MCIOJNB30BAHUEM TPUOOpa
CyberScanPSD 650, a B nmabopaTopusx HUCCIICIOBAaHHS MPOBOIWINCH C HCIIOJIh30BAHUEM
cnektpomerpa AAnalyst 800. PesynbraTsl aHann3oB 00001ieHs! B Ta0.1.

Ta6auna 1 HekoTtopbie Gpusndeckne napameTpsl mpod BojbI Oacceitna pexku Coipaapbs B peaenax Cornuiickoit
obnactu TamKukucTaHa

[TynxTst oTO0pa Mapamerp
4 | oc | ORP. EC, | TDS, | NaCl,| R, | DO, | DO,
P ’ mV mS o/ r/n K€ % | mg/l
V36.-Tamx.
['panuma 8.0 26 =757 | 1.346 | 1.350 | 1.316 | 0.369 88 6.72
(TAJ-1)
Kaiipakkym-
HAYaNo BAXP. 8.1 26 -79.6 | 1.571 | 1.609 | 1.534 | 0.310 | 110 8.50
(TAJ-2)
Kaiipakkym-
IJIOTHHA BAXD. 8.4 28 -100 | 1.363 | 1.418 | 1.334 | 0.352 85 6.84
(TAJ-3)
Moct «AMOH» 10.1
(TAJ-4) 8.3 28 -88.9 | 1.440 | 1.465 | 1.395 | 0.340 | 130 5
Mocr  «Hymuyxk-
Apam» 8.3 28 -91.3 | 1.377 | 1.450 | 1.350 | 0.346 99 7.66
(TAJ-5)
Moct
N~ 8.2 28 -88.6 | 1.371 | 1.435 | 1.342 | 0.349 98 7.63
«HOOuneHbI»
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(TAJ-6)
Mocr «EBa»

(TAJ-7) 8.1 28 -81 1.385 | 1.471 | 1.342 | 0.344 86 6.67
Tamx. V36.
['panmma 8.1 28 -82.8 | 1.391 | 1.553 | 1.360 | 0.327 90 6.67
(TAJ-8)

Pe3ynbraThl aHanM30B MOMYy4YEHHBbIE HAMU TMOKA3bIBAIOT, YTO COAEPIKAHHE TSHKEIBIX
METaJUIOB TAaKWX, KaK MBIIIBSIK, CBHHEL, KaJIMUIl U XpOM B UCCIIEyeMOil 30HE HAXOIATCS B
npezaenax HOpM.

Hcxons u3 BBINICHU3JI0KCHHOI'O, MOXXHO CACIaTh BBIBOJbI:

- o0mast skecTKocTh Boabl peku Cripaapbs (B mpenenax Corauiickoi oomactu) Ha 30-300%
Boiie oT IT/IK;

- cyxo# ocraTok u Marauii nipesbimaroT [1JIK B mpodax Ne 1, 3, 4,8;
- B BOJIE HAOJIIO/1aeTCsl 3HAYMTEIHLHOE KOJMUECTBO XJIOPUJIOB, CYJIb(aTOB, KAIBIINS;
- B COCTaBE BOJIbI HET MPEBBIIICHUS TSKEIBIX JIEMEHTOB OT CAHUTAPHBIX HOPM.

-5t 6oJiee riIyOOKOTo M3y4YeHHs, HEOOXO0IMMO TMPOBEJACHNE KOMIUIEKCHOTO aHaIH3a BOJIBI
pEeKH B TpUBSI3KE K €€ pacxoly W CE30HHOTO KoJieOaHHs, a TaKKe C Y4EeTOM JIOHHOTO
OCaXKIICHUSL.

Tabauna 2 Ou3nKo-XUMMHYECKUI COCTaB BOJIbI B IPUILIOTHHHOM y4yacTke KalipakkymMckoro Bojoxpanmiuiia [5]

Pe3yabTaTsl
Ne .
u/n HaunmeHnoBaHue onpeneIeHN i onpeaeeHus IAK

MT-2KB/JT Mr/n
1 2 3 4 5
1. | XKectkocTh o0mIas 9.6 -
2. | XKectkocTh KapOOHaTHAs 2.7 -
3. | KectkocTh HeKapOOHATHAS 6.9 -
4. | 3amax OpTaHUKH He 6onee 2 Gansos
5. |pH 7.0 6.0-9.0
6. | Xmopuasl 2.34 82.78 He 6onee 350 mr/x
7. | Cynbdats 8.25 396.0 He 601ee 500 mr/n
8. | Kanpuuit 5.2 104.0
9. | Marunuit 4.44 54.0
10. | OxucnsieMocTh - 0.48
11. | HutpuTtsl - Caenpl
12. | Hutpatsl - 10.0 He 6onee 45.0 mr/n
13. | AMMuak - Cnenpl
14. | Keneso - 0.04 He Gonee 0.3 mr/n
15. | Cyxoii ocTaTok - 1005.0 He 60mee 1000 mr/n
16. | COz* 0.1 3.0
17. | HCOs 2.7 164.7
18. | CBuHen - He o0H. | He 6omee 0.03 mr/n
19. | ek - 0.001 He Gosee 1.0 mr/n
20. | Menp - 0.001 He 6onee 5.0 mr/n
21. | MpIbsk - He o6n. | He 6omee 0.05 mr/a
22. | Mapranen - 0.005 He 6onee 0.1 mr/n
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23. | Kanwmit 0.14 5.6

24. | Hatpuit 3.08 71.0

25. | Ypaun - 0.082

26. | Hukens - 0.01

27. | CtpoHnui - 1.0

28. | Xpom - 0.01

29. | MonubaeH - 0.003 He Gonee 0.25 mr/n
30. | bepunnmii - He o6n. | He Gomee 0.0002 mr/n

KuroueBble ciioBa: Cripaapss; Tsokensie aneMenTsl; [11K; usuko-xummyeckue nokazaTenu
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IIpaBuabHbBII 0TOOP NPOO M MPOOONOATrOTOBKA — rapaHTHS MOJTyYeHU S
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Te3ucel

B mociieqHee BpeMsi oxpaHa OKpYXKarolled Cpeapl CTajia OJHOW W3 aKTyalbHBIX 3ajad
obmectBa. [l mpuHATHS 3(PQPEKTUBHBIX MEp B 3TOM HANpaBICHHH HEOOXOIUMO HMETh
JIOCTOBEPHBIH aHamu3 cpebl. lanHas paboTa MmocBsieHa MeToiaM oToopa mpod BObI U3 PEKH
ChIpJapbsi ¥ UX MOATOTOBKH IS aHAIH3a B Ja0OPATOPHBIX YCIOBHUSIX.

B cucreme OXpaHbl NPpHUPOABLI U 3A0POBbsA HACCICHUA, np06neMa KOHTPOJIA KadyeCTBa
BOJIbl 3aHUMAET 0c000E MECTO, OIPENEISIONIEe MECTO. DTO 00YCIIOBICHO, B IEPBYIO OYEPEIb,
MHOT'OYHCJICHHBIMHA (baKTaMI/I HHTCHCUBHOI'O 3arpiA3HCHHA IIPUPOAHBIX BOJOCMOB H
HNCTOYHHUKOB BO)IO3a60pOB MPON3BOACTBCHHBIMU CTOKaMH, COACPIKAIIUMHU OITaCHBIC JIJIS
30pOBBsI JM0Jel coenuHeHus. [loaTromy mpoOooTOOp BOABI — BaXKHAS CTaausl aHAIHM3a, OT
KOTOpOﬁ 3aBUCUT MPAaBUIIBHOCTDH aHaATUTHIECKOUN OLICHKH 3arps3HCHUsA BOJbI, IMPpHUYCM
MOJIy4aCMbIC PC3YJIbTAThI JIOKATCA B OCHOBY IMPAKTUYCCKUX BBIBOAOB. HpI/ICMBI B3ATHUA Hp06
BOJIbI JIOJDKHBI 00€CIIEYUTh BO3MOXKHO OOJIee MOJHOE COXPAaHEHUE IePBOHAYAIBHOTO COCTaBa
¥ TOpPeJAOXpaHUTh MpoOy OT BO3MOXKHBIX 3arps3HeHuil. [lorpemrHocTd, BO3HUKAIOIIUE
BCJIE/ICTBHE HEMPABHIBLHOTO 0TOOpA MPOOKI, B JaIbHEHIIIEM UCTIPABUTH HENb3s [1].

B nopmatuBubix noxymentax (I'OCT 24481, I'OCT 17.1.5.05, UCO 5667-2 u ap.)
OTIpe/ieNIeHbl OCHOBHBIC IMpaBHJIa M PEKOMEHIAIMH, KOTOpPBIE CIEAyeT HCIOIb30BaTh IS
HOJTyYeHHUS PENPE3EeHTATUBHBIX MP00. Pa3nuHble BUBI BOJOEMOB 00YCIIaBINBAIOT HEKOTOPHIE
0COOEHHOCTH OTOOpa Mpod B KaXIOM ciydae. PaccMOTpHM OCHOBHBIE M3 HUX JUIsl HAIIEro
ciyyast. Jlnst onpeieneHust BIUSHUS MecTa cOpoca CTOUYHBIX BOJ M IIPUTOKOB, TIPOOBI OTOUPAIOT
BBILIE 110 TEYCHHIO U B TOYKE, T POU30IILIO NOJIHOE cMeleHHne Box (puc.1).

Crnemyer UMETh B BHILY, YTO 3arpsi3HCHUSI MOTYT OBITh HEPaBHOMEPHO PacIpOCTPAHEHBI
[0 MOTOKY PEKH, MO3TOMY OOBIYHO MPOOBI OTOMPAIOT B MECTaX MAaKCHMAaJbHO OypHOTo
TEUEHHs, IJle MOTOKU XOpoIo mHepememuBaroTcs. [IpoO00TOOpHUKM MOMENaloT BHU3 IO
TEUEHHIO MOTOKA, pacrojarasi Ha HY>KHOW riyouHe. Heo6XoaumMo OTMETHTh, YTO KadyecTBO
BOJBI B BoJOeMax (Kak o3epax, TaK M peKax) HOCUT LMKIMYECKUH XapakTep, MpUUYeM
Ha0JI01aeTCsl CyTOUHAs M CE30HHAS LIMKIMYHOCTb.

ITo 50 NpuyYMHE exeTHEBHBIE TPOOBI CIeIyeT OTOUPATh B OJTHO U TO JK€ BPEMS CYTOK,
a TPOJOJDKUTENIFHOCTh CE30HHBIX MCCIIEIOBAHUI JTOJDKHA OBITH He MeHee | roja, BKIIOYas
WCCIeIOBaHMS cepuil po0, OTOOpaHHBIX B TCUEHUE KAXKJIOTO BPEMEHHU Toja. ITO 0cOOEHHO
Ba)KHO JIJIsI OTIPE/ICTICHUS] Ka4eCTBa BOJIbI B PEKaX, UMEIOLIUX PE3KO OTIMYAIOLIHECS PEKUMBI -
MEXEHb U MaBOJOK.

B Bozie mpoTekaroT mporecchl OKUCICHUS-BOCCTAHOBJICHHUSI, COPOLINH, CEMMEHTAINH,
OMOXMMHUYECKHE TMPOIECCHl, BbI3BAHHBIC >KU3HEIEATEIILHOCTHI0 MUKPOOPTaHU3MOB U Jp. B
pe3ynbTaTe HEKOTOPhIe KOMIIOHEHTHI MOTYT OKHCIISITHCS MIIM BOCCTAHABIIMBATLCS: HATPATHI —
JI0 HUTPUTOB WJIM HWOHOB aMMOHWUS, Cylbdarhl — 70 CyIb(UTOB; KHCIOPOJ MOXKET
pacxosoBaThCs Ha OKHUCICHHE OPTaHWYEeCKHX BEIIECTB W T. I. COOTBETCTBEHHO MOTYT
U3MEHATHCA W OPTaHOJENTHYECKHWE CBOMCTBA BOJBI — 3allax, MPUBKYC, I[BET, MYTHOCTb.
BuoxumMuYecKkne MpoLecchl MOXKHO 3aMEUINTh, OXJIaauMB BOxy 10 Temmneparypsl 4-5°C (B
XOJIOAWJIBHHKE). B HaImMX cirydasx UCrosib30Baioch nepeHocHoi xonoamnbHuK (THERMOS).
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K
Muer Xyt (Mywuys-Apas)

[yuxr a16opa 8
T ¥ 46, (pausn

Pucynox 1 ITynktsr oT60opa npod

B 3aBucuMmocTH OT TpeanosiaraeMoi MpPOIODKUTEIEHOCTH XPAaHEHUS OTOOpaHHBIX
npo0 MOXET BO3HUKHYTh HEOOXOJMMOCTb B U3 KOHCEpBALMU. YHUBEPCAIBHOTO
KOHCEPBHPYIOLIET0 CPEJCTBA HE CYLIECTBYET, MO3TOMY IPOObI Ul aHalIM3a OTOMpAIOT B
HECKOJIbKO OyThUIeH. B kax1o# M3 HMX BOJy KOHCEPBUPYIOT, 100aBiIsisl COOTBETCTBYIOIINE
XMMHUKAThl B 3aBUCIMOCTH OT OIPEeIieMbIX KOMIIOHEHTOB. ClielyeT UMeTh B BUAY, YTO HU
KOHCepBalus, HU (PUKcalusi He 0OecleurnBaeT MOCTOSIHCTBA COCTaBa BOJbI HEOTPAHUYEHHO
JIOJITO.

OHO JTUIIIb COXPAHSAIOT Ha OINIPEAETICHHOE BPEeMs COOTBETCTBYIOIINI KOMITIOHEHT B BOJIC,
YTO MO3BOJIAET JIOCTABHUTH NMPOOBI K MECTY aHalIM3a - HaIpUMep, B MOJEBOW Jarepb, a IpH
HEOOXOMMOCTH — ¥ B CIICIIUAIM3UPOBAHHY0 1abopaTopuio. B mporokonax otoopa u ananusa
po0 00s13aTENIbHO YKa3bIBAIOTCS JaThl 0TOOpa M aHam3a mpoo.
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CocTaB NPUPOJHBIX BOJ OLEHUBACTCS MO (U3MYECKUM, XUMHUYECKHM M CaHUTAPHO-
TMTHEHHYECKUM MOKasaTessiM. {JIsl OLleHKH KayecTBa OTOOPaHHOW HaMM ITPOOBI M3 TIPHPOHBIX
BOJI B MOJEBBIX yCIOBHAX Obl1 ucronb3oBaH npubop CyberScan PSD 650. Pesynbratrhl
OJIEBBIX U3MEPEHHI MPOO 0000IIeHbI B Ta0I. 1.

Ta6auna 1 — Hekotopsie ¢pusnueckue napamerpsl nmpod Bojbl 0acceiina peku Coipaapbs B ipenenax Corauickon
obnactu TajpkukucTana

ITyHKTBI [Tapamerp

orbopa u ¢ 0C ORP, | EC, | TDS, | NaCl, | R, DO, | DO,
P ’ mV mS r/n r/n KQ % mg/l

V30.-Tamxk.

I'panuna 8.0 26 -75.7 | 1.346 | 1.350 | 1.316 | 0.369 | 88 6.72

(TAJ-1)

Kaiipakkywm-

HAYaio BIXP. 8.1 26 -79.6 | 1.571 | 1.609 | 1.534 | 0.310 | 110 8.50

(TAJ-2)

Kaiipakkywm-

IUTOTHHA BIXP. 8.4 28 -100 | 1.363 | 1.418 | 1.334 | 0.352 85 6.84

(TAJ-3)

MocT «AMOH» 10.1

(TAJ-4) 8.3 28 -88.9 | 1.440 | 1.465 | 1.395 | 0.340 | 130 5

Moct  «Hymuyk-

Apam» 8.3 28 -91.3 | 1.377 | 1.450 | 1.350 | 0.346 | 99 7.66

(TAJ-5)

Mocrt

«JO6uneiinblii» 8.2 28 -88.6 | 1.371 | 1.435 | 1.342 | 0.349 | 98 7.63

(TAJ-6)

Moct «EBa»

(TAJ-7) 8.1 28 -81 | 1.385 | 1.471 | 1.342 | 0.344 | 86 6.67

Tamx. V30.

I'pannna 8.1 28 -82.8 | 1.391 | 1.553 | 1.360 | 0.327 90 6.67

(TAIJ-8)

duznyeckre TMOKazaTelld — TEMIIeparypa, COJCpKaHHE B3BEIICHHBIX BEIIECTB,

LBETHOCTb, 3allaX M MpHUBKYC. Temmeparypa MOA3EMHBIX BOJ OTHOCHUTEIbHO CTAaOMJIbHA B
teuenue roga: 8-12 °C, a moBepXHOCTHBIX BOJ KOJIEOIETCs 110 ce30HaM roja B unTepsase 0.1
+30°C. T1po3pauHOCTh ¥ MYTHOCTh XapaKTEPU3YIOT HAJIUYME B BOJE B3BEIIEHHBIX BEIIECTB.
LBeTHOCTH BOABI O0YCIIOBJIEHA PUCYTCTBUEM OPTraHMYECKUX BEILIECTB.

Jlanee xavecTBO BOJBI HAMHM OBITM HM3YYCHBI C METOJIOM aTOMHO-a0COPOIIMOHHOTO
aHaJIM3a ¢ UCTIOJB30BaHUeEM criekTpomerpa A Analyst 800.

ATOMHO-a0COPOIIMOHHBIN aHaMM3 JIOCTATOYHO OJM30K K METOAaM TPaJWuIMOHHON
MOKPOH XWMHH, TOCKOJIbKY OMpeeNicHHe COJAEPKaHMs AJIEMEHTOB Yallle BCEro BEJeTCsS U3
pPacTBOpPOB, YTO TIpEAyCMaTpPHBAeT BO MHOTHX CIydasx MPEABAPUTEIBHYI0 XHUMHUYECKYIO
moAroToBKy mpo0. OjHako, B OTIMYME OT OOJIBIIMHCTBA XMMHYECKHX METOJIOB, aTOMHO-
a0COpOIMOHHAST  CIIEKTPOMETPUST HMMEET OYEHb BBICOKYIO CEJIEKTHBHOCTh. [loaTomy
MPAKTUYECKH PEJIKO TpeOyeTcs OTJ/EJCHHE COIMYyTCTBYIONUX JJIEMEHTOB, TaK Kak WX
MPUCYTCTBHUE OOBIYHO HE BBI3BIBAET 3aMETHON CHCTEMATHYECKOW TMOTPEITHOCTH TIPHU
OTIpEICTICHUHU. ITO CBSA3aHO C TEM, YTO YHCJIO UCIIOJIB3YEMBIX a0COPOIIMOHHBIX CTICKTPAIBHBIX
JIMHUM HEBEIMKO, W OHM OOIaJalT OdYeHb Maloil mupuHOH, mopsaka 107 -102mm. B
pe3yiibTaTe ATOr0 BO3MOXHOCTh B3aMMHOTO HAJIOKEHHUS CICKTPATbHBIX JIMHUW Pa3InIHBIX
9JIEMEHTOB oueHb Maia. [loaTomy mporeaypa moAroTOBKM 00pa3ioB K aHaIM3y CYIIECTBEHHO
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npornie, 4eM JJisi OOBIYHBIX METOJIOB «MOKPOI» XUMHH, W PEIKO TpeOYIOT MO BpPEMEHHU
AHAJIUTUYECKUX ONEPaLUi.

COBpeMeHHaH TCXHHKA aTOMHO-a6COp6HHOHHOFO aHalin3a, peajiu3ys rHOKOCTh METoaa,
IO3BOJIACT YCTaHABJIMBATH COACPKAHUEC DJICEMEHTOB B IIMPOKOM MHTECPBAJIC KOHHCHTpaHHf/'II

-B INTaMCHU - OT ACCATUTBICAYHBIX HOHCﬁ IponcHTa 10 ACCATKOB MaCCOBBIX ITPOLCHTOB,

- B DJIEKTPOTEPMHUUYECKUX aTOMHU3ATOpaxX HIDKHSAS TPAHHIIA OINPEeIsieMbIX MACCOBBIX JIOJEH
IJI MHOTHX 3J1eMeHTOB cocTapiseT 10 - 104% wmacc., BepXHss — 10 AMana3oHa IIaMEHHBIX
OTIpeIeTICHUH.

MeTto ycrnemHo TpUMEHsIeTCS Ui aHalu3a Kak JIeTKO PAaCTBOPUMBIX METAIJIOB H
CIUIaBOB, TaK M ISl 00bEKTOB, KOTOPHIC JOCTATOYHO TPYIHO MEPEBECTH B PACTBOP.

Hcnonb30BaHue 3JICKTPOTCPMUYCCKOW ATOMHU3AIMU TIO3BOJISICT MOHW3UTHL Ha -2
MOpSAJIKa TIPEJIENIbl  OOHAPYKCHUST DJIEMEHTOB [0 CPaBHEHHIO C IJIAMCHEM, COXPAHSS
JIOCTATOYHO BBICOKYIO BOCIPOM3BOJIUMOCTh PE3yJIbTATOB aHalu3a. PemaronmM ¢Gakropom,
OMPEACIAIONIUM MTPABHUIIBHOCTh U BOCIIPOU3BOAMMOCTD PE3YJIbTATOB AaTOMHO-a0COPOIIMOHHOTO
aHaJn3a, ABJSCTCS CTAOMILHOCTh CBOMCTB MOTJIOIIAOIIETO CII0S aTOMHBIX MapoB. Pe3ynbTaThl
aHaJIM30B P00 Ha HEKOTOPBIE TSHKEIIbIE MeTaslIbl criekTpoMeTpoM A Analyst 800 060011IeHbI B
TaobI.2.

Ta6umua 2 — Coneprkanne TSHKEIBIX METaJIOB B cOcTaBe BOABI peku ChIpaaphst

IIyHkTHI OTOOpPA DJIeMeHTbl, MKI/J1
Cr As Cd Ni

V36.-Tamk. I'panuna (TAJ-1) 0.68 1.22 0.03 0.82
Kaiitpakkym- Hagano Baxp. (TAJ-2) 0.96 1.65 0.01 0.26
KaiipakkyMm- miotuna Buxp. (TAJ-3) 0.40 1.75 0.07 0.93
Moct «Amon» (TAJ-4) 0.36 1.35 0.02 0.30
Moct «Uymuyk-Apam» (TAJ-5) 0.39 1.98 0.02 0.08
Moct «O6uneiinsiii» (TAJ-6) 0.44 1.8 0.008 | 0.08
Mocr «Esa» (TAJ-7) 0.49 1.49 | 0.01 0.19
Tamx. ¥30. I'pannna (TAJ-8) 0.6 1.85 0.03 0.87

Karuesble cioBa: mpo60oTOOp; METObI; aHaIN3bl; ChIpaaphsi.

Jlureparypa

Mertonsl npoboor6opa 1 npodonoarorosku / FO.A . Kapros, A.IT.CaBoctun.-M.:BUHOM. JlabopaTopus 3HaHUiA,
2003.-243 c.

ITnamMeHHBIE M 3JEKTPOTEPMUYECKUH aTOMHO-aOCOPOLMOHHBIA aHAIU3 C HCIONb30BAHHEM CIEKTPOMETpa
Aanalyst 800 /y4eOHOe >JIEKTPOHHOE TEKCTOBOE H3JIaHHME MOJTrOTOBICHO Kadenpoil «DHU3NKO-XMMHUECKHEe
MeToibl aHanu3a» - ExarepunOypr: FOY BIIO VITY —VIIN, 2006
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N3yyeHne OKUCIUTEIHHO-BOCCTAHOBUTEIBHOIO OTEHIIHAJIA
BOJbI pexku Coipaapbs

Pa3pikoB 3. A, IOnycoB M.M., lllepmaToB [x. H., Xoxxubaes /1. /1.

T'opHo-meTamnypruyecknii nHetuTyT TamkukucTana, yi. Mockosekas 6, 735730, r. Ukanosck, Pecniybnuka Tampkukucran

Email: zafarrazykov(@mail.ru, yunusov2001(@mail.ru, jamshed8808@mail.ru, daler 8788@mail.ru

Te3ucobl

OxucnurensHO-BoccTaHOBUTENBHBIN noTeHIan (OBII) sBnsieTcst Mepoit XuMudeckoi
AaKTUBHOCTH 3JIEMEHTOB WM HMX COCIMHEHUH B OOpAaTUMBIX XUMHUYECKHX IpOIeccax,
CBSI3aHHBIX C M3MEHEHHEM 3apsija MOHOB B pacTBopax. lIpm mM3MepeHusx B 3JIEKTPOXHUMHH
BEJIMYMHA 3TOW pa3HOCTH oOo3HadaeTcs kak Eh m Belpakaercs B MmmmmBoibTax-mV. Uem
BbIIIE KOHLIEHTPALMs KOMIIOHEHTOB, CIOCOOHBIX K OKHCIEHHIO, K KOHIIEHTpalHuu
KOMITOHEHTOB, MOTYIIIUX BOCCTAHABIMBATHLCS, TEM BBIIIE MOKa3aTelb PEIOKC MOTEHIIHANA.
Takue BemecTBa, Kak KHCIOPOJI U XJIOP, CTPEMSTCS K MPUHSATHIO JIEKTPOHOB M HMEIOT
BBICOKHMH 3JIEKTPUYECKHH MOTEHLINAI, CIe10BATEIbHO, OKHCIUTENEM MOXKET ObITh HE TOJBKO
KUCJIOPOJI, HO U JAPYTHE BELIECTBA (B YaCTHOCTH, XJIOP), @ BEILIECTBA THUIIA BOAOPOA, HA000pOT,
OXOTHO OTJAIOT 3JIEKTPOHbI M MMEIOT HU3KUN 3JeKTpudeckui mnoreHnuan. HambGonbmei
OKHCJIMTEIBHOM CIIOCOOHOCTBIO 00MaaeT KUCIOPO/, @ BOCCTAHOBUTEIbHON — BOAOPOJ, HO
MEX/1y HUMM paclojararmTcs W JApyrue BEIIEeCTBA, NPUCYTCTBYIOLIME B BOAE U MEHeEe
MHTEHCUBHO BBIMIOJHSIOMINE POJb JHOO OKUCIUTENEH, JIMOO BOCCTAHOBHUTENEH. 3HauCHHE
OKHCJIUTEIBHO-BOCCTAHOBUTEIBLHOTO NoTeHUuana  JUJis KaXKaon OKHUCJIUTENbHO-
BOCCTAaHOBUTEJIBHON pEaKUM MOXKET HMMETh KaK IOJIOKUTEIbHOE, TaK W OTPULATENIbHOE
3HAYCHHUE.

B npupoanoii Boae 3nauenne Eh konebnercs ot -400 mo +700 MB, uto onpexnensiercs
BCEHl COBOKYITHOCTBIO TPOMCXOISALIMX B HEHW OKHUCIUTEIbHBIX M BOCCTAHOBUTEJBHBIX
nporeccoB. B ycnoBusix pasHoBecust 3Hadenne OBII onpenenennsiM 00pa3oM XapakTepusyeT
BOJIHYIO CpEy, M €r0 BeJIMYMHA MO3BOJISIET /I€1aTh HEKOTOPBIE 00IIHE BHIBOBI O XUMHUECKOM
coctaBe BOJbl. OKHUCIHUTENbHBIE IMPOLECChl MOHMKAIOT IOKa3aTellb KUCIOTHO-IIEIOYHOTO
paBHoBecust (uem Boime OBII-rH, tem Hmxke pH), BoccTaHOBUTENBHBIE — CIIOCOOCTBYIOT
nioBeiieHwio pH. B cBoro ouepens nokazarens pH Biusier Ha Benmmuuny OBIL. (pucyHoK 1).

B nensix mzyuenust OBII Hamu Obuti mipoBeieHbl aHaIM3bl BOJIBI pekn ChIpaaphsi Ha
yuactke Amrt-bekabas (tepputopust Coramiickoi oOsactu). st ModydeHUs] TOCTOBEPHBIX
pe3yIbTaTOB HCHOIB30BATIOCH MynbTu3MepuTens CyberScan PCD 650.

Pesynbrarel amamu3oB mokazanu, uro OBII mo wmecsimam wuMeOT cieayromme
3HaueHUs: MapT: -89mV, anpens: -89mV, mait: -92mV, utonb: -97mV, utone: -95mV, aBrycr:
-100mV, centsioph: -104mV, okTs0pb: - 96mV, HOSOpE: -98mV. DTH naHHBIC TIPUBE/ICHBI B
Tabaure 1.

Ta6auna 1
ITapameTpsl TAJ1 | TAJ2 | TAJ3 | TAJ4 | TAJS | TAJ6 | TAJ7 | TAJ 8
pH 7.90 8.06 8.33 7.83 8.33 8.37 8.38 7.99
Oxnca. Bocer. 94 -100 21149 | -90.8 | -113.7 -115 21162 | -95.8
IToren., mV

ExemecsiuHble M3MEHEHUsSI IMPOUCXOMAIIME C MapTa 1O HOSOph MecsAll HMEeT
LIUKIMYHBIN XapakTep: YBEJINYEHUE 110 MapT — CEHTAOpPh, YMEHBIIEHHE C OKTSIOPS 1O MapT.
ConocraBneHre aHaJIOIMYHBIX MCCIEAOBAaHUN MO rojaM NAa€T OCHOBAHME AJI BBIBOJA, UTO
JIETHUE MECSIBI B IEPUO]T MHTECHCUBHOTO HCITOJIB30BAHMUS BOJIBI JUISI CENbX03 HYK]I IIPUBOIUT
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K yBenmuueHuto OBII 1 HauuHas ¢ OCEHHHX MECSLEB 10 BTOPOM IIOJIOBHHBI BECHBI U JIETHUE
Mecsupl BenuunHa OBII ymenbiaercs.

pH
8,
i A /== \
8 & v »
75 - T n T " T - T - T © T - T ‘ni 1
? — o f— o o — f—
= £ 2 £ 2 = E =
ORP, mV
A -
= & 8 &8 & & £ B
0 T T 1 T T 1 1
-50
_ S - & |
100 — — ———
-150

Pucynok 1 3Hauenne mV 1o KaxIbIM IyHKTaM

KiroueBnble ciioBa: CI)Ip,Z[apLH; OKHUCJIUTEILHO-BOCCTAHOBUTEILHBIN IIOTCHIIUAJI; pH, aHaJIn3.

Jlureparypa

Ulymen M. M., [Tucapesckuit A. M., [lono3zosa U. I1. OxucnutensHbiit moternuan. Teopus u mpaktuka. — JL.:
Xumus. 1984

Otkunc [1. OGusnveckas xumust. T. 1 — M.: Mup, 1980

[Mymer M. M., bemoctun A. A. [lucapesckuii A. M., Hukonbsckuit b. I1. CTexnstHHBIN 1eKkTpoS,
YYBCTBHUTENILHBII K H3MEHEHHIO OKucinTeNbHOro norennuana. // JJAH CCCP. 1964. T. 154. Ne 2. C. 404—406

OHnnaifH-CIIPaBOYHKK CTAHIAPTHBIX OKHCIMTEILHO-BOCCTAHOBUTEIBHBIX MoTeHInanos (http://www.chem-
astu.ru/science/reference/potentials/ )
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Onpenesienne coep:kaHus MOJIUOIeHA U MeIH B BOJIe METOI0M
JIEKTPOTEPMHYECKOI aTOMHO-20COPOLIMOHHON CIIEKTPOMETPUH

Pa3pikoB 3. A, Xom:ku6aesn /1. /1., Hlepmaros /I:k. H., FOnycos M. M.

T'opHo-meTamnypruyecknii nHetutyT TamkukucTana, yi. Mockosekas 6, 735730, r. Ukanosck, Pecniybnuka Tampkukucran

Email: zafarrazykov(@mail.ru, daler 8788@mail.ru, jamshed8808@mail.ru, yunusov2001@mail.ru
Te3ucobl

B coBpeMCHHOI aHATUTHYECKOM TIPAKTHKE CaMbIM pPaCHpOCTPAHEHHBIM CEJICKTHBHBIM
METOIOM OIPE/ICIICHHS SJIEMEHTORB SIBJISIETCSI aTOMHO-a0COPOIMOHHBIH aHan3. COBpEMEHHBIC
aTOMHO-a0COPOIMOHHBIE CHEKTPOMETPhI OCHAIIEHHBIC JBYMs METOJaMH, B COYETaAHHU
IUTAMEHHOT'O M JIEKTPOTEPMUYECKOTO0 METO/Ia, MO3BOJISIOT ONPEACIATh COJEPIKAHUE U CIIC/IbI
9JIEMEHTOB B 00pa3max. [2]

HaunOonee BBICOKOW YyBCTBHTEIBHOCTBIO OTJIMYAETCA aTOMHO-a0COPOIMOHHAS
CIIEKTpOMETpUs ¢ dJekTporepmudeckoin arommuzanueit (OTAAC), kotopas MMO3BOJISET
onpenenaTh dneMentsl Ha yposHe (10° — 107'?) r. 3HaunmTenbHOE yIydlllEHHE MPEIETOB
oOHapyKeHHsi B TpaUTOBOH KIOBETE IO CPaBHEHUIO C TUIaMEHEM oOecreunBacTCs
COBMECTHBIM JICHCTBUEM CIIEIYIONINX OCHOBHBIX (DAKTOPOB:

e Jlokanu3aius aTOMHBIX I1apOB B OIPaHMUYEHHOM NIPOCTPAHCTBE IpaUTOBON TPYOKH;

e Becph no3upyeMblii B 3JEKTPOTEPMUYECKUN aTOMH3AaTOp O0BEM IMpOOBI Y4acTBYET B
(hOpMHpPOBAHNY CUTHAIA,

e UueptHas armocdepa aToMu3aTOpa, MNPENOTBpAILAIOIAs CBSI3bIBAHUE aHAIUTA B
TPYIHOPA3JI0KUMbIE OKCUAHBIE COeAMHEHUS; [ 1]

[Ipu pa3paboTke aHATUTHYECKOTO METOAA ONPEACICHUS aHATUTa B KOHKPETHOM
MaTpuIlle HEOOXOIMMO TPEXKIE BCETrO0 BHIOPATh ONTHMANIBHBIC amNIapaTypHBIE MapaMeTphI
aTOMHO-a0COpPOLIMOHHOTO CIIEKTPOMETpA. DIEKTPOTEpMUYECKas TpauToBas MeYb MOXKET
reHEpMPOBATh TEMIEpATypy s aromusanuu cebime 2600 °C (AAnalyst 800). [3]

CoBpemeHnHble  TpaUTOBBIE  DJIEKTPOTEPMHUYECKHE  aTOMHU3ATOPhl  HUMEIOT
BO3MOXHOCTb IPOrpaMMMpPOBaHMs psla [apamMeTpoB, BKJIIOYAs TeMIEpaTypy, BpeMms,
CKOpOCTb MOBBILIEHUS TeMIepaTypbl. B ucnons3yemMom Hamu npubope Bo BpeMs paboThl e4u
Ha JIMCIUIeE MOXHO BUJIETh BBIOpAaHHBIC MTAPAMETPBI, a TAKXKE B rpa)uuecKoM MpeICTaBICHUN
W3MEHEHHE TIOTJIOMIEHUSI CO BpPEMEHEM B TEYEHHHM JI000ro BBIOPAHHOTO yyacTKa
TeMIiepaTypHoro nukimia. [1].

B mporpamMHOM oOOecmiedeHHM aTOMHO-a0COPOIMOHHBIX TPHOOPOB (B HAIIeM
npumepe mnpubop AAnalyst 800) oOs3aTenbHO 3alOXKeHA TPOIEAypa IPOBEPKH
XapaKTePUCTHUECKON MacChl ONPEENIIeMOro dJIeMEHTa.

Temneparypa aroMM3allud M CKOPOCTb HarpeBa aToOMu3aTopa OT TeMIepaTypbl
030JICHUSI /10 TEeMIIepaTypbl AaTOMHU3AIMHM BIHUSAIOT HAa YyBCTBUTEIBHOCTh AaHAJIM3a.
OntumanpHas Temreparypa OOBIYHO, JAJSl DJIEMEHTOB B BOJHOW MaTpuUIe J0JDKHA OBITh
MUHUMAJIBHON TeMIlepaTypol, Jaromiei MakcuManbHyo abcopOiuio. Bpemst u Temmeparypa
aTOMH3AIMU JUII HEKOTOPBIX TPYTHOJIETYYHX 3JIEMEHTOB, TaKMX KaK CTPOHIWH, BaHAIWi,
TUTAH U MOJHOCH SBISIOTCS BaKHBIMHU TTapaMeTpaMH Uil MUHUMU3anuu 3G ekToB maMsru.
[2]. B cmyuae, ecnu omnpenensieMblii JIEMEHT HE MOJHOCTHIO HCHApSETCs] M yJAIseTcs B
TEUYEHUHM CTaJU¥ AaTOMHU3ALMH, B pE3yJbTaTe BO3MOXHO YBEIMYCHHWE CHTHAJa IIPH
Mocyenyrome aToMu3anun. [loBbIIICHHE TeMIlepaTypsl aTOMH3AllMd BIMSET Ha IHK
abcopOLMU HO TeM BPEMEHEM YMEHbBINACT KHU3Hb I'Pa(UTOBBIX KbIOBET.[4]
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BbI0 mccnenoBaHo BIMSHHE TEMIEpaTypbl aTOMHU3AlMU Ha a0COPOLMIO dJIeMeHTa
MOJIMOZICHA W MEAHM DJICKTPOTEPMUYECKHMM MeTojoM Ha mnpubope AAnalyst 800. B
NPOrpaMMHOM 00€CIIeYeHUH Mprudopa 3a10KeHa MpoLeaypa NPOBEPKH XapaKTePUCTUUECKON
Macchl U PEKOMEHIYEMbIe MapaMeTpbl TeMIepaTyp AiIs MonuOaeHa, MeIu M APYTHX
3JIEMEHTOB.

Tabauuna 1
Jumna Temneparypsi °C m, pg YyBCTBUTEJIBHOCTH Rollover,
BOJIHBI, A Aoc.
HM
IIUPOJIN3 aTOMHU3ALHUS MKT/JT A-c
3133 1500 2450 12 20 0.15 1.80

B Tabmune yka3aHo, 4TO pHU pEKOMEHAYEMbIX TTapamMeTpax MporpaMMbl aHaM3a Ha
rpaduTOBOI Ieun s KoHneHTparu 20 Mkr/n goinkHo nomyuyutes 0,15 A6copoumu. Tak kak
YCIIOBHSI UCTIOJIB30BaHMsI MprOOpa HE Be3Jle OAMHAKOBBI a0COPOIIHS MOKET OTKJIOHUTHCS Ha +
20% OT peKOMEHIyeMbIX 3HA4CHUI. DTO MOXHO BBIYMCIMTH CAMOMY HJIM BOCIIOJIB30BaThCS
KaJIbKyJIaTOpoM BioxkeHHOU B MeHto [1O WinLab32 w3 mporpammer: Analys > Characteristic
mass U B MOSBUBILEMCSI OKHE yKa3aTh KOHIIGHTPAIIUIO IPOBEPSEMOT0 PacTBOPA.

B pesynbrare mpoBepKH CTaHIAPTHOTO pacTBopa KoHieHTparuedn Mo 100 Mkr/n ¢
HCTIOJIb30BAHUEM PEKOMEHI0BAHHOM MPporpaMMoit meuu (tadit. 1) moixydena AGcopOus:

Pucynox 1 ITux Ha 100 MKI/J1 10 U3MEHEHHS IPOTPAMMBI [IEYH Ha METO/IC

Mo 313.3 Rep:
0600
(]
(%]
[ =)
(]
2
o
(]
0
<
0.000 -
0.0 ' " Time {sec) ' ' 6.0
Pk Ht - AA: 05637 A BG:0.0287 A
Pk Area - AA: 05315 A-s BG: 0.0071 A—s

[Tocne sToro ¢ momompto Bmaaku Analys > Characteristic mass (mporpaMMHOTO 0OecTiedeHHS
WinLab32 V7.0) 6su1a mpoBepeHa XxapakTepucTuieckas Macca.

BuaHo, dYro OTKIOHEHHE OT pEKOMEHIYeMbIX 3Hau€HUH He YIOBJIETBOPSET
BBIIIIECKa3aHHBIM ycaoBusM (Abs + 20%); 16.6 pg-12pg=4.6; 4.6/12pg = 0,38 To0
ecTb OoTKJIOHeHHe coctaBisier 38 %. Kpome Toro, kak BuAHO Ha puc. 1 rpaguk B KOHIE
aTOMH3allM{ HEe mepecekaeT abIMccy, 9TO O3HAYaeT YTO HEe BECh aHAIUT aTOMHU3UpPYETCs U
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HEKOTOPOE KOJIMYECTBO OCTaeTcs B TpapuUTOBOM meunm co3iaBas APQPEKT MaMsTH, YTO

CKa3bIBACTCS TIPU CJICYIOIINX a0COPOIIHSIX.

Element: Mo

Mass of Analyte Atomized:

=1

Solution Volume (ul) .. ........ 20 3|
Solution Concentration (ug/L) . . . :1004 000
Mass of Analpte (ng) . .. ... .... 2 00

Instrument Readings:

Comparison Characteristic Mass . . 12 pg/0.0044 A-s

Pucynox 2 [IpoBepka xapakTepuCTUIECKON MACCHI.

TestSolution: [0.5315 | Blank: | EIEIY Net: 0.5315
Measured Characteristic Mass . . . 16.6 pg/0.0044 A-s

Hcxons u3 sToro ObLI M3MEHEHA IporpamMmma 1ne4yu Ha:

Tabauna 2
Jumna Temneparypsi °C m, pg YyBCTBUTEJIBHOCTH Rollover,
BOJIHBI, A Adc.
HM
IAPOJIN3 aToMu3anus MKT/JT A-c
313.3 1500 2580 12 20 0.15 1.80
OHa B MOHUTOPE BBITISIIUT TAKKUM 00pa3oM:
Furnace Program
S;ep Temp (C) | Ramp Time | Hold Time |Intemal Flow| GasType 2
1 110 1 30 250 Normal B
2 130 15 30 250 Normal
3 1500 10 20 250 Normal
4 2580' 0 =) 0 Normal
5 2580 1 3 250 Normal
6
7
8 v

Pucynox 3 ITporpamma rpadutoBoii neyn

[Tocinie 6b11 ONTyYeH Tpaduk:
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Mo 3i3.3 R

0.800]
[ 1]
[*]
=
o
2
o
w
=]
<
2.000 o AN ]
' "Time {sec) ' ' 55

0.0
Pk Ht - AA: 0.7468 A BG: 0.0358 A
Pk Area - AA: 0.7630 A-s BG:0.0143 A-s

Pucynox 4 ITux Ha 100 MKI/71 ociie U3MEHEHUs IPOrpaMMBI II€4X Ha IIPOBOJIUMOM METOE

Element: Mo

Mass of Analyte Atomized:

Solution Yolume ul]. ... I
Solution Concentration [ugsL) ... |100.000
Mazs of &nalyte (ma) . ... ... .. 200

Instrument Readings:
Teszt Solution: |0.7630 Blank: |0.0000 Met: 07630
Measured Charactenistic Mazz . 11.5 pg/0.0044 A-z

Comparnizon Charactenstic Mazz .. 12 pg/0.0044 A5

Pucynok 5 IIpoBepka XapakTepHCTHUECKON MAcChl C TIOMOIIBIO IPOIPAMMBI.

ITo pacdyeTam XapaKTCpHCTH‘ICCKOﬁ MacCChbl YAOBJICTBOPACT PCKOMCHAOBAHHLIM YCJIOBUSAM:
(Abs + 20%).

11.5 pg-12pg=-0.5 pg
-0.5pg/12pg = - 0.042

To ecte Abs =-4.2 %, 4TO BIOJIHE COOTBETCTBYET PEKOMEHIOBAHHBIM YCJIOBUSM JJIS
NpOBEJIeHHs] KAJIUOPOBKM U B IOCIEAYIOIIEM BBIMOJIHEHUHM aHAJIM30B 00pa3loB Mmpol s
orpenensemMoro semMenta Mo. B pesyibrate yaanock noayduTs abcopOLuio Mpu W3MEHEHUN
IporpaMMbl TI€YH U3 CO37aBaeMOro Merojaa. TakuMm oOpa3oMm, ObUT TOJyYeH METOJ
ompeneneHuss Mo B mpoOax 3JIEKTPOTEPMHUUECKUM CIIOCO0 Ha aTOMHO-a0COpPOIMOHHOM
npudope AAnalyst 800.

IIpu ompeneneHuy MUKPOKOIMYECTB MEIU B PaA3IMUYHBIX OOBEKTaxX IIHUPOKO
npumensiercss Meto DTAAC, Onaronmapsi HU3KOMY TpeJely OINpPEleNeHUs, TOYHOCTH H
YCKOPEHHOTO aHaJIH3a.

O,Z[HaKO, pAMOC  SJICKTPOTCPMUUCCKOC aTOMHO-3600p6HI/IOHHOC OIpeACJICHUC
MUKPOTPAMMOBBIX  KOJIMYCSCTB JJICMCHTOB B INPHUPOAHBIX BOAAX 3aTPyAHCHO HU3-3a
BMCHIAIOIICTO BJIMAHUA COITYTCTBYIOHIUMX KOMIIOHCHTOB. I[J'IS[ YCTPAHCHUA 3TOTO BJIMSAHUS
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NPUMEHSIFOTCS Pa3JIUUHBIC TIOJXO0/IbI, TAKHE KaK MOIU(PHUKAIIMS MATPHUIIBI C TOMOIIBIO HUTPATa
najuavsl 1 HUTpaTa Maraus (JUist onpeaeneHus coaepxkanus mean S5 Mkr/in PA(NO3)2+3mkr/n
(Mg(NO3)2) B 10 M1 1eMOHU3UPOBAHHOM BOJIBI C TPOBOAUMOCTHIO 18 MOM). Kpome Toro, a3tu
MOTU(PUKATOPBI UCTIOIB3YIOTCS ISl OBBIIICHHS TEMIIEPATYPhI 030JICHUS TPOO B rPapUTOBYIO
reyb aTOMM3ATOpa, Mepejl BBEJACHHEM B HEE aJTUKBOTHOW YacTH IOJIIOTOBJICHHOW TPOOBI,
J00ABISETCS MOAU(PUKATOP, MPUTOTOBICHHBIA B COOTBETCTBUU C PEKOMEHIAIUAMU (HUPMBbI-
M3roToBUTENS TpubOopa. Ilpu 3TOM AaHHYIO TPOIEAYpPYy MHPOBOIAT W TMPH TPaTyHUPOBKE
puodopa.

Jlonmyckaetcst 100aBIsATh MOTUGPUKATOP MATPHILIbI HEMOCPEACTBEHHO B aHAJTU3UPYEMBbIE
MPpoObI, COOTBETCTBYIOIME TPalyHPOBOYHBIE PACTBOPHI U B XOJOCTYIO pody. Hamu n3yueno
NIEKTPOTEPMHUUECKOE aTOMHO-a0COpPOLIMOHHOE oTpeesieHre Men B peke ChIpaapbs.

OcHoBHo#t pactBop Menu 25 MKI/a B 0.5 %-HOM pacTBOpe a30THOW KHCIOTHI MapKu
OCY Obl NOArOTOBJIIEH U3 PacTBOPOB CTaHAApTHBIX oOpasuoB komnanuu Fluka ¢
koHI1eHTparueit 1000 mr/i.

B xadectBe 00BekTOB wHccienoBaHusi Oblia BeIOpaHa Boja peku Chlp - Aapbs.
W3mepeHuss TMPOBOJWIUCH, Ha aTOMHO-aOCOpOIMOHHOM  crekTpomerpe AAS-800 ¢
JelTeprueBbIM KOPPEKTOPOM (POHA U IEKTPOTEPMUUECKUM aTOMHU3aTOPOM «rpaduroBas mnedsb
THGA» c¢ aBtogozatropom AS-800. bbeutn wncmonb3oBaHbl TpadUTOBBIE KIOBETHl C
MAPOJUTHYECKAM TIOKPBITHEM, CIEKTPATbHYIO JIaMIy ¢ TOJbIM KatogoMm ¢upmbl “Perkin
Elmer”. B kadecTBe 3amMTHOrO Ta3a NPUMEHSUIUCH BBICOKOUMCTBIA aproH. ATOMHOE
MOTJIONIEHUE U3MEPSIIUCH IO PE30HAHCHOM JIMHUK Menu 324.8HM nipu mupune meiu 0.7 HM.

Amnanusupyemble pacTBopel B 00bemMe 20 MKJI € IOMOIIBIO aBTOMAaTHUYECKOI'O
JI03MPOBaHMs BBOAMJIACH B IpaUTOBYIO IeUb M NPOBOJMIACH TepMHUUYecKas oOpaboTka Io
3a1aHHoi mporpamme: BoicymuBanue 30 cek. mpu 110 °C, ozonenue 10 cek. mpu 700 °C,
aTomuzauus 5 cek. npu 2000-2300 °C.

Cu
1.5
LN
0.5 \\/“’*\ﬁ—
0 —— T
&Q;\Qe,s\" @’3"‘\!\\0\”’ *“@\vv"’ié““@:ﬁ@:@ o

Pucynok 6 Cpennue 3HaueHHs pe3ysIbTaTOB aHAIN3a HAa COAEPIKAaHNE MEIH.

W3mepsiemMble 00pasiibl BOJ MEpes] ONpPeeIeHUEM MOIKUCIISUIMCE ITyTeM 100aBIeHUS
0.5 %- a30THOM KUCIOTHI 10 00BEMY 0Opa3La.

151 mpoBepKH MPaBUIIBHOCTH PE3YJIbTATOB U3MEPEHUS CONEPKAHUSI MEU B BOJIE PEKH
ChIpapbsi HCHIOIB30BAIHCH CEPTH(GHUIIMPOBAHHBIE CTaHIAPTHBIE 00pa3iel EnviroMAT.

Cpennue 3HaueHUs pe3yIbTaTOB aHAJIM3a Ha COJACpPKAHME KATHOHOB MEAM B MPOoOax
BO/IbI peky ChIpaaphs 10 MecsIaM MTPUBECHBI HAa pUCYHKE 6 (3HAUYCHHS B MKT/J)
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Kimouessble ciioBa: DTAAC; monubaen; mesb; meron; AAnalyst 800
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noco6ue/ Iox pexn. JIT. [Mogynosoii. M.: [TAUMC, 1999. -220 ¢

AAnalyst 800. Atomic Absorption Spectrometer/User’s Guide. USA.: Perkin Elmer,
The THGA Graphite furnace: Techniques and recommended Conditions./ USA.: Perkin Elmer
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IToaroroBka l'[pOﬁ l'lpOTO‘lHO]?I BOJbI IJIdA ONPEACJICHUA €€ KaYeCTBa

PasbikoB 3. A, IOnycoB M. M., lllepmaToB k. H., Xoxxuo6aes /1. /1.

T'opHo-meTamnypruueckuii nHctuTyT TamkukucTana, yi. Mockosekas 6, 735730, r. Ukanosck, Pecrybnmka Tamkukucran

Email: zafarrazykov@mail.ru, yunusov2001@mail.ru, jamshed8808@mail.ru, daler 8788@mail.ru

Te3ucel

Poct roponoB, OypHOe pa3BUTHE MPOMBINUIEHHOCTH, MHTECHCU(UKAIUS CEIbCKOrO
XO34HCTBA, 3HAYMTENBHOE pPACUIMPEHHE IUIOMANEH OpOIIaeMbIX 3€Melb, YIy4IlIeHHE
KYJIbTYPHO-OBITOBBIX YCIIOBUH U PsiI IPYTUX (PAKTOPOB BCe OOJbIIE BIUSET HA KX 00€CTICUCHHUS
BO/IOM. B COBpEeMEHHBIX yCIOBHAX BOJA SIBISIETCS TJABHBIM (DAaKTOPOM, OIIPENENISIONIIM
YCTOMYMBOCTh JKOHOMHKH JIO00OTO TrocymapctBa. PecrmyOnmka Tamkukuctan oOnamaer
OorarefmmMu 3amacaMd  BOJHBIX M THIPOIHEPTETHYECKHX PECYPCOB PETHOHAIBHOTO
Macimiraa.

B cucreme oxpaHbl PUPOBI U 30POBbS HACEICHHUS, MPOOJIEMa KOHTPOJIS KAa4eCTBa BOJIBI
3aHUMAeT ONpeesstolee MecTo. OTO OOYyCIOBIEHO B IEPBYIO Ouyepedb YyXY/IIEHHEM
COCTOSIHUSI BOJHBIX PECYpCOB, OECKOHTPOJBHOM XO3AHCTBEHHOM JEATENbHOCTHIO B
BOJIOOXPAHHBIX MOJIOCAX U 30HAX MTOBEPXHOCTHBIX UCTOYHUKOB U MOJI3E€MHBIX BOJ.

Jlnis mosryueHust JOCTOBEPHBIX JAaHHBIX IMOKa3aTeNlell XMMUYECKOTO COCTaBa MOBEPXHOCTHBIX,
NPUPOAHBIX M CTOYHBIX BOJI IMEET BaYKHOE 3HAYCHHE MECTO U METO/IbI 0TOOpa mpoo.

CrnenyeTr OTMETHTb, YTO JUIsI OIpPENEIeHHS XHMHUYECKOI'O0 COCTaBa 4Yalle BCEro
HAaUMHAIOT C OTOOpa W MOATOTOBKM Mpo0 K aHanmm3y. [lake TIIATENbHO H3MEpEHHBIE
AQHAJTMTUYECKUE CHUTHAJBI MPEIM3UOHHBIX MPHOOPOB HE NAIOT MPABHIBHYIO HH(OPMAIHIO O
COZIEP)KAaHUHU OIPEEIIEMOr0 KOMIOHEHTA, €CIM HENPaBWIBHO TPOBEIEH OTOOp WM
MPOOOTOATOTOBKA aHaM3y. B OOJbIIMHCTBE clydyaeB UIMEHHO OTOOp M MOATOTOBKA MPOOBI K
XUMHUYECKOMY aHaIM3y JIHUMHTHPYET HaJEKHOCTh M, B LEJIOM, KAadeCTBO IOJIYy4YaeMbIX
Pe3yJbTaTOB, a TAKXKE TPYTOEMKOCTh U ITTUTEILHOCTh aHAIIMTUYECKOTO [IUKJIA.

[Torpemocts mpu oTOOpe TPoO0 M MPOOOMOATOTOBKE YACTO OMpenessieT OOIIyIo
OH_II/I6Ky OIpEACICHUA KOMIIOHCHTA n aciacTt 0€CCMBICIIEHHBIM HUCIIOJIB30BAaHUC
BBICOKOTOYHBIX ME€TOOB. B cBoro oucpcib OT60p 1 IMoAroToBKa HpO6BI 3aBUCAT HE TOJIBKO OT
HPUPOJBI AHAIU3UPYEMOro 00BEKTa, HO M OT crocoda M3MEpeHHsl CUTHAla aHATUTHYECKOTO
npubopa. [Ipuemsl u opspok 0TOOpa NPod HACTOIHKO BaXKHBI MPU MPOBEACHUN XUMUYECKUX
QHAJIU30B, YTO OOBIYHO MPEIIUCHIBAIOTCS [ 0CY1apCTBEHHBIM CTaHIAPTOM.

OOBEKTOM HaIIero HCCIIENOBaHUs sBIseTcs Boma peku CwIpmapbs Ha TEPPUTOPUU
Corawmiickoit 06acT HauMHAas OT BXoJa ¢ TeppuTopun PecryOnmuku Y30ekucTan B AIITCKHN
paiioH 110 Beixoaa ¢ Tepputopun Pecryonuku Tamkukucran B 1. bexaban.

Heo0xonmmo 0TMETUTB, 4TO pa3IMuYHbIe BUABI BOJHBIX 00BEKTOB TPEOYIOT HEKOTOPHIE
ocoOeHHOCTH Tipu 0TOOpE Mpo6. J{iIst onpeneieHus BIMSHUS MecTa cOpoca CTOYHBIX BOJI M BOJT
MIPUTOKOB, MPOOBI ClIeAyeT OTOMpATh BBIIIE MO TEYCHUIO M TOYKE, T€ MPOM3OILIO IOIHOE
cmemmBanue BoAbl. C  y4yeTOM TOro, 4YTO 3arps3HEHHsT MOTYT OBITb HEPaBHOMEPHO
pacrpoCcTpaHeHbI IO MOTOKY PEKH, TOITOMY OOBIYHO IPOOBI OTOUPAIOT B MECTaX MAKCHMAJIBHO
OypHOTO TeueHHs, e TIOTOKH XOPOIIIo epeMemnBaroTcs. [I[po600TOOpHUKH TTOMEIAIOT BHU3
M0 TEYEHUIO MOTOKA, 3+5 M OT Kpast Oepera, pacrojaras Ha Hy»KHOU TyOuHe.

OO0pasupl mpo0d BOJBI CleAyeT OTOMpaTh B YUCTOW EMKOCTH, MPUTOTOBJICHHBIC W3
HEUTPATBLHBIX MATEPHUAJIOB KOTOPBIC HE JOJDKHBI BXOJUTh B PEAKIMIO ¢ MPOOOH, YTOOBI HE
M3MEHHTH €€ COCTaB.
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[Tpo6ooT6Op MpoBOAMIICS €KEMECSYHO B TEUCHHE JABYX JIET ¢ BOCBMM TOYEK PEKH
Coipmapest. s skcmpece  ompeaenenust  pH, — temmepaTypbl,  OKHCIUTENIbHO-
BOCCTAaHOBUTEJBHOTO MOTEHLMANA, 3JEKTPONPOBOJAHOCTH, CONPOTHUBIEHUS, PACTBOPEHHOTO
kuciopona U TDS (oOmas comoHOBAaTOCTh) OB MPUMEHEH MOJIEBOH NMPOKaTHOPOBAHHBIH
mynbTu3Meputens CyberscanPCD-650.

ITepen or6opom npoO cocyabl MpeAHa3HAYEHHBIE I 9TOM 1eJIH, OMOJACKUBAIUCH HE
MeHee TpeX pa3 OTOMpaeMoil BOJOU, 0ToOpaHHas nMpoda GUIBTPOBAIACh Yepe3 MEMOpPaHHBIH
¢wibTp, A KoHcepBaruu B mpoOy nobasmsumck 5 v HNO3 Ha nuTp, THIATENBHO
MEPEMEIIMBAINCH JUII PAaBHOMEPHOTO pacIpeieeHnss KOHCepBaHTa IO BCEMYy OOBEMY,
3aKpBIBATMCH MPOOKOH, TaK e OMOJIOCHYB HE MEHEe TpexX pa3 oTOupaeMor Boaod. Mexmay
poOKoii 1 0TOOpaHHOM MPOOOH B COCYJIe OCTABIISUIA BO3AYX B 00Bbeme 5-10 mit.

EmkocTr s mpo0 BOJBI OTMEUATUCH CTAHIAPTHBIM MeToj oM. OTOOpaHHbIE TPOOBI
pa3MeniaeTcs Kyjiep ¢ 3aMOPOKEHHBIMH OXJIAIUTEIISIMUA B TPAHCIIOPTHPYETCS B JTA0OPATOPHIO
JUis aHanu3a. B Tabmuie 1 npuBeleHBI JaHHBIE TIO0 KOHCEPBAIMK MPOO HEOPraHUYECKUMHU
KHCJIOTaMH.

Ta6umuua 1 Konceppanus mpo6

Ne O0BbeKT JlelicTBHS 110 KOHCEPBAIUH MPOO
HccjieaA0BaHudA

1 | Xpom a) Koncepsupyetcs. [IpudaBnsieTcst S M1 KOHIIEHTPHPOBAHHOHN a30THOM
a) onpeznenenue | kucnotel o ['OCT 4461-77 [1] na | 1 mpoOsr
o0rmiero coaep:kaHus
Xpoma 6) He xoncepBupyercs. K ananm3y npucTymnaioT kak MOSKHO paHBIIE B
0) paszienbHOe | ieHb 0TOOpa MpoOkI
onpelesieHe Xpoma
(ITI) m xpoma (VI)

2 | Hukens Konucepsupyercsi. [IpubaBnsitor 5 Ml KOHIIGHTPUPOBAHHON a30THOU

kucaoTel o 'OCT 4461-77 na 1 1 mpo6sI
3 | Menp KouncepBupyercs:

a) mpuOaBysieTcss 5 MJI KOHIEHTPHUPOBAHHOW a30THOM KHCJIOTHI 110
I'OCT 4461-77 na 1 1 mpoOwI;

0) mpubasmnsiercst 5 mut constHo# kucnoTs (1:1) mo TOCT 3118-77 [2]
Ha 1 71 mpoOBI

4 | Hunk Koncepsupyercsi. [Tpubasnsiercs 1 M1 KOHIIEHTPUPOBAHHOW CEpHOU
kucaoTel o [OCT 4204-77 [3] va | 1 mpoOsr

5 | Mbiubsx Koncepsupyercsi. [Ipubasnsiercss 5 Myl KOHIICHTPUPOBAHHOW COJISTHOU
kucaotel o 'OCT 3119-77 na 1 1 mpoObl

6 | Moxubnen B coorBercTBun ¢ 'OCT 18308-72 [4] mpoObl HE KOHCEPBHPYETCS,
CPOK MEXAy OTOOpPOM M aHalIM30M JOJDKEH OBITh BO3MOXKHO Ooliee
KOPOTKUM

7 | Kagmuit Koncepsupyercsi. [Ipubasisiercs 5 M KOHIICHTPUPOBAHHOW a30THOU
kncaoTel o 'OCT 4461-77 na 1 1 mpo6sI

8 | CBunen Koncepsupyercsi. B coorBerctBun ¢ TOCT 18293-72 npubasmisiercs 3

MJI KOHIIEHTPHPOBaHHON a30THOW kucioTel o I'OCT 4461-77 umm
neasiHort ykcycHoi kucinotel mo 'OCT 6175 na | 1 Boabl

9 | Pryts Koncepsupyercsi. [Ipubasisiercs 1 M KOHIIGHTPUPOBAHHOW a30THOU
kucaoTel o 'OCT 4461-77 na 1 1 mpo6sI

Ha ocHoBaHMM TpeIOKEHHOH METOIMKH MPOOOIMOATrOTOBKH MPOAHATU3UPOBAHBI
katnonbl MetamioB Cu, Zn, Pb, Cd, Mo, As, Ni, Cr, Hg AToMH0-a0COPOIIMOHHBIM METOZOM
Ha mpubope Mapku AAS-800 B maboparopuu ['OpHO-METAITyprHYecKOr0 HHCTUTYTa
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Tamkukncrana, a Takke B aHanmutudeckon sadoparopun HIIL[ «Texnomorus» [IT1
Bocrokpenmer. IlomydyeHHble maHHBIE B HE3aBUCHMBIX JTAOOPATOPHIX CBUICTEIHCTBYIOT O
XOpOIIEH CXOAUMOCTH  PE3YyJIbTATOB. Pesynprarel ucClenoBaHMs —TOKa3ald, 4TO
KOHIIGHTPAIlUA AITUX TsOKEIbIX MeTawioB B Boje Hmke [1JIK. Peunyro Bomy MoxHO
HCIIOB30BATh ISl CEIbCKOXO3AMCTBEHHBIX U TEXHUYECKHUX HYXKI.

Kimouessble ciioBa: [Ipodonoaroroska; 'OCT; 3akpernieHre; KOHCEpBALIUSI.

JlutepaTtypa

www.complexdoc.ru/pdf/TOCT%204461-77/gost 4461-77.pdf

www.gosthelp.ru/gost/gost32959.html
http://www.complexdoc.ru/lib/%D0%93%D0%9E%D0%A 1%D0%A2%204204-77

www.gosthelp.ru/gost/gost42193.html
Mertonsl npoboor6opa u npodonoarorosku / FO.A. Kapmos, A.IT.CaBoctun.-M.:BMHOM. JlabopaTopus 3HaHUiA,
2003.-243 c.
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IIpuMeHeHNe HOBBIX TEXHOJIOTHI 1JIs1 OUMCTKH
CTOYHBIX BOJ OT pocopa u azora

Muzxronan C., Xomxubaes JI.JI.", Cangon A. M.

T'opHo-meramnypruueckuii nHeTUTYT TaKukucTana, yi. MockoBcekas 6, 735730, r. Ukanosck, Pecry6nuka Tapkukucran

*E-mail: daler 8788@mail.ru; Tex: +992 92 778 23 78

Te3ucol

Bonma - mennedmuit nmpuponHbeiii pecypc. OHa WrpaeT HCKIIOUHUTEIHHYIO pPOJIb B
mporeccax oOMeHa BEHIeCTB, COCTABJIAIOMIMX OCHOBY H3HU. OTpoMHOE 3HAuY€HHE BOJAA
MMEET B TMPOMBIIUIEHHOM U CEIbCKOXO3SHCTBEHHOM MpPOM3BOJCTBE. JIJIsi MHOTHX JKHUBBIX
CYIIIECTB OHA CITY>KHUT CpeIoil 0OuTaHUSI.

Tak xak OompImas yacTh BOABI MOCIE €€ UCIOIB30BAHUS ISl XO3SHCTBEHHO-OBITOBBIX
HYKJI BO3BpAIlaeTCs B PEKH B BUJIC OYMIICHHBIX CTOYHBIX BOJ, a AC(PHUIUT MPECHOIN BOIBI
yKe celiuac CTaHOBUTCS MHPOBOH TIPOOIIEMON; MOSBIIICTCS HACTOATEILHAS HEOOXOIUMOCTh B
JIOOYHCTKE CTOYHBIX BOJI OT COeIMHEHHI a30Ta u (pocdopa.
Bce Oosee BozpacTaromye moTpeOHOCTH MPOMBIIIUIEHHOCTH U CEIbCKOTO XO3SHCTBA B BOJE
3acTaBIIsIeT UCKaTh PA3HOOOPA3HbIE CPEJICTBA [Tl PEIICHHUSI ATON MPOOIEMBI.
Ha coBpeMeHHOM JTarie ONpENENSIOTCS OCHOBHBIC HAIPABJICHUS  PAIMOHAIBHOTO
WCTIONB30BaHUSI BOJIHBIX pECypcoB: Ooliee TIOJTHOE WCIOJIb30BAHHE U  PACHIMPEHHOE
BOCIIPOM3BOJICTBO PECYPCOB MPECHBIX BOJ; pa3padO0TKa HOBBIX TEXHOJIOTMYECKHX MPOIIECCOB,
MO3BOJISTIOIINX MPEAOTBPATHTD 3arpsi3HEHHE BOJIOEMOB U CBECTH K MUHUMYMY HOTpeOJieHHEe
CBEYKEW BOJBI.

JUIs O4YMCTKM CTOYHBIX BOJ OT 3arpsi3HEHUH, HEOOXOIMMO MPOU3BECTH KOMILIEKC
MEpOTPHUATUH 10 YAAJCHUIO 3arpsi3HUTENCH, COIepKaIIuXCs B ObITOBBIX U MPOMBIIUICHHBIX
CTOYHBIX BOJIAX.

B cnyuae, npeBsbiieHus cOAepKaHusl 3arpsi3HATENCH TPHU cOPOCEe OUHILIEHHBIX CTOYHBIX
BOJI B BOJIOEMBI MIPEIEIBHO TOMYCTUMON KOHIIGHTPAIIUK TPEOYETCsl TOOUHCTKA CTOYHBIX BOJI
oT Hux. [IpenensHO nomycTUMasi KOHIEHTpALUUs U JIUMUTHPYIOUIUHA MOKa3aTeab BPEAHOCTU
coequHennit gocdopa u azora npusenensl B CanlluH 4630-88. Canurapusie mpaBuia u
HOPMBI OXpaHbl IOBEPXHOCTHBIX BOJ| OT 3arps3HEHUS.

Cpeau cymecTBYIOUIMX CIIOCOOOB OYMCTKH CTOYHBIX BOJ OT COCAMHEHHH a30Ta
JIUIUPYET OHMOJIOTMYECKUH croco0, KOTOPBIA Kak OJWH W3 Haumboyiee  BBITOAHBIX U
3(h(HEeKTUBHBIX METOJIOB OYMCTKH, PACCMOTPEH B JAHHOU padoTe.

CrenieHb 3arps3HEHUS CTOYHBIX BOJ| OIICHUBACTCS KOHIICHTpAIHeEH, T. €. Maccoi
npuMeceil B equuuie oobema B Mr/a wiam r/m>.Coenunenns azora ¥ Gocdopa IoCTynaoT Ha
OUMCTHBIE COOPYKEHHS] MPEUMYIIECTBEHHO B BUJE aMMOHHMWHOTO a30Ta, a30Ta HUTPATOB,
a30Ta HUTPHUTOB M a30Ta, CBSA3aHHOTO B OPraHUYECKHX COCJAMHEHHUSX. B CTOYHBIX BOJaxX
priOoTiepepabaThIBAIOIINX KOMIUIEKCOB, KOHIIGHTpamus o0miero a3ora cocrarisier ot 50 10
60 MI/mM® M MOXET HM3MEHSAThCS B 3aBHCHMMOCTH OT IIPOUCXOXKIEHHUS CTOYHBIX BOJI.
COOTHOIIIEHNE MAaCCOBBIX KOHIICHTPAIMHA PAa3IMYHBIX (POPM a30Ta HE SBJSETCS MOCTOSHHBIM
W 3aBUCHT OT CTQJIMM MepepabOTKH CTOYHBIX BOJ. B mporiecce TpaHCIOPTUPOBKHA CTOYHBIX
BOJ Ha TOPOJICKHE OYHCTHBIC COOPYXCHHS YK€ HAYMHACTCS HW3MEHEHHEe cocraBa. B
YaCTHOCTH, OPTraHWYecKoe COCJMHEeHHWE KapOamuJ (MOUYEBMHA), COJCpIXKAIIUNCA B
XO03SIICTBEHHO-OBITOBBIX CTOYHBIX BOJaX, B PE3yJbTaTe B3aWMOJCUCTBUS C OaKTEPHSIMU
pacmniagaeTcsi ¢ 00pa3oBaHHEM aMMOHMI-HOHA (Tiporiecc aMmMoHu(uKanun). COOTBETCTBEHHO,
YeM TMPOTHKCHHEE KaHAIW3al[MOHHAsS CETh, TEM TINIyO)Ke MpOTeKaeT JaHHBIM Iporecc.
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CozepxaHue aMMOHHUM-MOHA Ha BXOJE B TOPOJACKHME OYKMCTHBIE COOPYXKEHHS MOMKET
cocTaBisATh oT 20 1o 50 Mr/av>.

ConepkaHre HUTPAT-MOHOB Ha BXOJE€ B OYMCTHBIC COOPYKEHHS HEBEIUKO, OOJIBIIOE
KOJIMYECTBO HHUTparoB (mo 50 mr/aM® m Bblme) oOpasyercsa 3a CYeT MPeoOpa3oBaHMs
aAMMOHHITHOTO a30Ta B Mpoliecce HUTpU(pUKaIu. B TOpoICKUX CTOUHBIX BOJIAX COJACPIKAHHE
HUTPHUT-UOHOB HE3HAYMTENHHO (B OOJBIIMHCTBE CiIydaeB MeHee | Mr/am’), Tak Kak HUTPHT-
MOH 0OBIYHO HE 00pa3yeT CTaOMIIBHBIX a30THBIX CBS3EH W MOSBIIAETCS Ha KaHATU3AI[MOHHBIX
OYHMCTHBIX COOPY)KEHHUSX B KAadeCTBE «IPOMEXKYTOUHOW (a3pD» MpU TEpexoje K HUTpAT-
HOHY..

I'myOokasi ounCTKa CTOYHBIX BOJ| MOXKET WCKIIOYUTH nomnananue N u P B Bogoembl,
MOCKOJIbKY IIPU MEXAHUYECKON OUHUCTKE COAEpkKAHUE 3TUX AJIEMEHTOB cCHMKaeTcs Ha 8-10%,
npu Ouonoruueckoi-Ha 35-50 % u npu riayOokoit ounctke Ha 98-99 %.

[Ipu xonuenTpanuu dochopa B Bome Bogoema meHee 0,001 mr/m sprpodukarus He
HabmoaeTcsl. BennuuHa JomycTUMON KOHIeHTpaiuu (Gochopa B CTOYHBIX BOAAX 3aBUCHT
OT pa30aBJICHHS CTOYHBIX BOJ B BOJ0eME, (POHOBOM KOHIICHTpALMU B HEM (ocdopa, Haauams
MPOYMX MCTOYHUKOB (ocaToB B CTOUHOU BOjE M OObIYHO mpuHMMaercs paBHoi 0,01-0,1
MT/JI.

OCHOBHBIM HCTOYHHKOM (hochopa B NMPOM3BOACTBEHHBIX CTOYHBIX BOJAX SIBIISIOTCS
cunrerndeckue I1AB. Konumentpaumsi ¢gocdopa B Takux CTOYHBIX BOJAX MOXKET OBITH
pa3MuHON B 3aBUCHMOCTH OT HA3HAYCHUS BOJbI B MPOMBINUICHHOCTH. bombmias yacth
(hocdopa HAXOIUTCS B CTOYHOH BOJIE B PACTBOPEHHOM COCTOSIHUH.

Jlyqmm peareHTOM Uil XMMHUKO-OMOJOrMYecKoro u3pieueHust ¢ocdopa cuuTaercs
CEpPHOKHUCIBIA amoMHHUN. Ilpn MCHonb30BaHMM 3TOrO0 KOAryJsHTa IOMHMMO YJAJIEHHUs
(dhocdopa mocturaercs Oojee MONHOE yJAJICHUE OAKTepWid, YeM IMPH MPUMEHEHHH JPYTUX
koaryisiHToB. [Ipu sTom Bemmumnaa pH ocraeTcst B mpenenax HOPMBI Uil OHOJIOTHYECKON
OUNCTKU CTOYHBIX BOJ.

OnBITHI MTOKA3aJIM, YTO /103 peareHTa 3aBUCHT OT HaYalbHOU KOHUEeHTpauuu ¢ocdopa
B CTO4HbIX Bojax. Ilpu comepxanum docdopa mo 10 mr/n HeoOXoaumasi A03a peareHTa
JIOJDKHA OTBeuaTh cooTHomeHuto Al: P =1 : 1, mpu coxepxkanuu (ochopa B MCXOTHBIX
CTOYHBIX BoJiax Oonee 10 Mr/m qo3a peareHnTa g0KHa OBITH yBennueHa B 1,5 pasa.

C yBenuueHweM KOHIEHTpammu (ocdopa B TOCTyHamomeil CTOYHOH BOJIE
3(()EKTUBHOCTL €ro XUMHUYECKOTO OCAKICHUS TIOHMXKAETCS W CTaOWIM3UPYETCS MpH
3HayeHnu 10 mr/n - CrabunbHas BenuunHa coctapisieT 70 % mpu no0aBieHUH pearceHTa B
cootHomenun Al : P =1 : 1 u 80 % npu yBenuuenuu ero nossl B 1.5 pasza. [Ipouecc
XUMHUYECKOTO ocaxjaeHus (ochopa mpoTekaeT B TeUCHHUE MEPBBIX 4-6 4 KOHTAKTa, YTO
BIIOJIHE COTJIACYETCS C MPOJOJDKUTEILHOCTEIO OOpaOOTKMA CTOYHBIX BOJ| B OKUCIIHTENE U
JeHUTpU(UKATOpE.

bronornueckue MeTOBl JaBHO M YCIEIIHO HCIOJB3YIOTCS KaK OCHOBHOM MeETOJ
OYHMCTKH  XO3SHCTBEHHO-OBITOBBIX CTOYHBIX BOJ M (eKalbHBIX CTOKOB. OCHOBOIA
KOHCTPYKIUH OMOJIOTHYECKOI OYMCTKU CTOYHBIX BOJ SIBJIAETCS OMOPEAKTOp, I1Ie MPOUCXOANUT
nepepaboTKa WM yTUIN3AIMS 3arpsI3HEHUH. B 3aBHCUMOCTH OT TUTIOB 3arpsi3HEHUN CTOYHOM
BOJBI B OHOJIOTUYECKOW OYMCTKE CTOYHBIX BOJ| TPUMEHSIOTCS a’poOHbBIE CIOCOOBI,
aHa’pOOHBIC UIIN COBMEIIICHHBIE.

HOI[60p TCXHOJIOTUU W KOHCTPYKIUH OMOJIOTUYECKON OYHCTKH MMPOU3BOJACTBCHHBIX
CTOKOB Tpe6yeT WHAWBUAYAJIBHOI'O MMOAX0Aa K KaXKIOMY IIPOCKTY. B GonbmmHCTBE CJIy4dacB
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OuoornyecKas OYMCTKA SBJISICTCS JIUIIb OJHHUM H3 OTAIlOB B O6LL[CI>'I TCXHOJIOTHUHU OYUCTKU
IIPOMBIIIJICHHBIX CTOYHBIX BOJ.

B Hacrosimee Bpems ¢ pa3BUTHEM MeMOpaHHBIX TEXHOJOTUH MOSBUIIOCH HOBOE
MOKOJIEHUEe OMOJIOTMYECKON OYHCTKH — MeMOpaHHble Ouopeaktopsl (MBR). KoncTpykuus
MEMOpaHHOTO OMOpEeaKTOpa MPECTABIIeT COOOH COBMEIICHUE CTaHJapTHOrO OMOpeakTopa
yIbTpauIbTPAlIMOHHOW YCTaHOBKOM. sl OMOJOTMYECKOW OYMCTKH IPOMBIIUICHHBIX
CTOYHBIX BOJ MEMOpaHHbIE OHMOPEAKTOPHI WMEIOT 3HAYUTENbHBIE MPEUMYIIECTBA TEper
OOBIYHBIMH OHOPEAaKTOPaMH.

OcHoBHbBIE MMPEUMYHICCTBA BHCAPCHUS TCXHOJIOT U M€M6paHHBIX 6HOpCaKTOpOBZ
- IIOBBIIICHUEC 3(1)(1)CKTI/IBHOCTI/I 1 HAAC)KHOCTHU OYHMCTHBIX COOpy)KCHHﬁ;

- CO3/1aHHE KOMIIAKTHBIX OYHCTHBIX COOPYKeHMH, Onaromapsi 3aMeHe BTOPUYHOTO
OTCTaMBaHUS M QUIBTPALMU HA QUIBTPAX PA3IMYHOTO TUIIA HA MEMOPAHHYIO JTOOUYHCTKY;

YRATICHHE  TIp-eABAPHT. 30H3 29PAIN ocammens PP ponrderanen
CETKA TR.MacTHL obpaboTka 0T TECKA

—7Lb — i —
CTOYHEBIE CToR
E0JEI
& i
oCagoK
-

Pucynoxk 1 Cxema 00bIYHON OYHUCTKH C TPUMEHEHHEM aKTHBHOTO MJIa OUYHCTKU

YOAMEHEE mIpegEapIT.
CeTKA TB.uacTHU obpaBoTka J0HA A3pal membpara

—7>

CTOYHbIE
E0JbI

Pucynok 1.1 Cxema ¢ npuMeHeHHEM MeMOpaHHOTr0 OHOpeakTopa

Kpome nepeuncieHHpIX TpeuMyIIecTB B MPUMEHEHHH MEMOPAHHOTO OHOpeaKTopa s
OYUCTKH JIIOOBIX CTOYHBIX BOJ HEOOXOAWMO OTMETHTh, 4YTO TIOCJIE KIIACCHYECKOTO
OuopeakTopa OUMILEHHAsl BOJa TPeOyeT NONOIHUTENBbHOW (QUIbTpauuu U 00e33apaKuBaHUs
(pucynok 1 u pucynok 1.1.).

B Hactosmee Bpems Ui o0e33apakMBaHMs OYMIIEHHOW CTOYHOM BOJBI IOCTE
KJIACCHYECKOTO OHMOpeakTopa WCHONB3YIOT J00aBJIIEHHE TUIOXJIOpUTA HATPUS WIH
yIBTPaUOIETOBBIC JTaMITBL. [ MITOXJIOPUT HATPHS BHI3BIBAET HEOOXOAUMOCTh UCTIOIB30BAHUS
COpOIMOHHBIX (PUIBTPOB HA KOHIIE TEXHOJIOTHH, a YJIbTPa(HOIECTOBHIC JIAMITBI HE IArOT
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HeoOxoauMon 3ddexTuBHOCTH 00€33apakuBanus. MeMOpaHHBI OHWOpeakTop pemiaer
JIaHHBIE MTPOOJIEMBI BBICOKOW CTEIICHBIO HA/ICKHOCTH.

Hcnonb3oBanue MeM6paHHI>IX 6I/IOp€aKTOpOB SIBJIIETCS HamboJee MNEPCICKTUBHBIM
HalpapJCHUEM IJId OYUCTKU NPOMBIIIJICHHBIX CTOYHBIX BOA.

Texnonoruss MBR 3T0 kOMOMHHMpOBaHHE pa3IMUHBIX OMOXUMUYECKMX U MEMOPaHHBIX
nporeccoB. MemOpaHHbIH OHMOpeakTop coueTaer B cebe Mpouecchl MUKPOGUIbTPALUN U
yJIbTpaIbTPALIUH, a TAKXKE MTPOLecC adPOOHON OMOJOrMUECKONH OYMCTKH CTOUHBIX BOJ.

OnopeaxkTop

LSy il
**.* *I gaona

& rev |
=

ME:MﬁpaI—Ia

#’

PacTBOPCHHEIC ECIISCTEA

Pucynox 2 Cxema, onucsiBatoras nporeccsl B MBR

MemOpanbl (TpyOdYaThie, MOJIOBOJIOKOHHBIE M IUIOCKOPAMHBIC DIIEMEHTHI) CITyKaT B
MBR B kauecTBe Oapbepa, JalONIero BO3SMOXKHOCTh OYHIIATH BOJY OT COJEPKAIIUXCS B HEH
3arpsA3HEHU ¢ BBICOKOW CEEKTUBHOCTbBIO (BBICOKOMOJIEKYJIIPHBIE COEIMHEHNS, B3BEILICHHbIE
BEIIECTBA, MHUKPOOPraHW3Mbl AaKTUBHOrO uia M 1p.) (pucyHok 2). B 3aBucumoctu ot
TEXHOJOTHYECKHX 3aJiad MeMOpaHHbIH OHopeakTop [3] MOKET MCITOJIb30BaThCS KaK Ha dTare
(UHUIIHON OYMCTKH (70 CTaguu 00e33apakuBaHWs), TaK W JUIS TPEJOYUCTKH Iepe]
HaHO(uITbTpanerd 1 0OpaTHBIM OCMOCOM MPU HEOOXOJIUMOCTH 00ECCOIUBAHUS OUHIIEHHON
BO/IBL.

° hd
':_0 o P
-?"“"ﬂmrn..__:__?ulgn. /
4 1 .E’

Pucynok 3 Cxema memOpanHoro 6uopeakropa o sepcun Texnomnapka PXTY um .. Menneneesa:

1 - peakrop, 2 - adpaTop, 3 - TOJOBOJIOKOHHBIE MEMOpAHEI, 4 - BO3/yX, 5 - OUHIIeHHAs BOJA, 6, 9 - HacoCHl, 7 -
MaHoMeTp, 8 — ¢punbTpar
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IIpoTrexkanue npounecca 8 MbP

MeMmOpaHHaa

3arpyska cHeTeMa

= I A3POTEHK

OYHIMEHHBIE
CTOYHbIE

BO3IYXOOYBKA

BO3OYX0OYBKAa Hacoc

Pucynox 4 Cxema nporekanus npouecca MbP

ANBTEpHATUBON  TEXHOJOTMM OWOJOrMYeCKOW OYHCTKM C MHOTOCTYIEHYATOM
JIOOYMCTKOW W TOCTOSHHBIM BBOJIOM PEAareHTOB SIBISIETCS COBPEMEHHAss MeMOpaHHO-
OMOJIOrYecKasi TEXHOJIOTHSI ¢ UCTIONb30BaHUEM MeMOpaHHoro onopeakropa (MBR).

B ocHOBy nelicTBUS OMOpeaKTOpa IMOJIOKEH CHHTE3 OMOTEXHOJOTHH M TEXHOJIOTHU
pasjienieHus: BOJHBIX CYCIIEH3UH Ha yIbTpadUIbTPAIIMOHHBIX TIOJTMMEPHBIX MeMOpaHax.

0, Taya
CT0wHO H
BOTEI
= MO Y TTE s> {PHIBTpAT
TOHTAT0 IHH -
HaCHe

AIPOTEHE

Pucynok 5 Cxema MmeMOpaHHOTO OMOpeakTopa

Cuctrema MBP cocrouT u3 a’poTreHka W MEMOpPaHHOTO MOMYJIA, 000PYI0BAaHHOTO
MTOJIOBOJIOKOHHBIMU  yJIBTpa(QWIbTpAIlMOHHBIME MeMOpaHaMu. OOpabOaTbiBaeMble CTOYHBIC
BOJIBI TIOCTYTIAIOT B adpOTeHK. Haxozsimascs B a3poTeHKe HII0Basi CMECh LIUPKYJIUPYET Yepes
MEMOpaHHBI MOIYJb. YIbTpaQuIbTpallMOHHBIE MeMOpaHbl CIy)KaT i TIOBBINICHUS
KOHIICHTPAI[UN aKTUBHOTO HMJIa B a3POTCHKE M IIIyOOKOW OYHUCTKH 00pabaThIBAEMBIX CTOYHBIX
BOJA. AdpoTeHK B cucreMe MBR paboraeT ¢ BbICOKOH KOHIIGHTpalueld akTHBHOTO WJa,
MO3TOMY €T0 pa3Mephl B 2-3 pa3a MEHbIIIe pa3MepOB KIIACCHYECKOTO IPOTOYHOTO adPOTECHKA.

AspupoBaHHe OCYIIECTBIISIETCS CKATBIM BO3yXOM C MOMOIIBIO a3pallHOHHBIX CHCTEM
(BO3myX0ayBOK). B 3aBHCHMOCTH OT TpeOyeMOil TPOU3BOAUTEILHOCTH MEMOpPaHHBIC MOTYTH
00BeMHAIOTCS B MEMOpaHHBIH OJIOK, M WX YHCIO MOXET OBITh YBEIMYEHO TIpU
BO3HUKHOBEHUHU HEOOXOJAUMOCTH MOBBIIIECHUS POU3BOIUTEIBHOCTH CHCTEMBI.

[Ipumensemoe B cucremax MBR kacarenbHOe GUIBTPOBaHHWE WIIOBON CMECH
npenoTBpaniaeT ee 3a0MBaHUE, T. €. HAKOIUICHWE Ha Hel oTioxeHuil (Oakrepwmii). Takoe
JIBWKCHHE  WJIOBOW  cMecH  oOecrieyMBaeTcsi  IUPKYJSIHMOHHBIM ~ HACOCOM  C
HPOM3BOJUTEIBHOCTBIO, 3HAUMUTENIBHO BBINIE pacxoja MNoajexamieid o0paboTke CTOYHOU
BOJIbl. BO3MOXKHOCTB pEeryjaMpoBaHusl pacxoja W JaBI€HUS B LUPKYJSLMOHHOM KOHTYpE
MO3BOJISIET HAJIAAWTH IMOJHOLEHHOE YIPABICHHE MPOIECCOM MEMOPAHHOTO (MIBTPOBAHMS
npu MakcuMaibHOU ero 3ddextuBHOCTH. [locTOsIHHOE OMBIBaHWE MEMOpaH JUCTIEPTHPYET
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ouMIIaIIue OaKTepuu, KOTOopble Ooyiee HE 00pa3yloT TUIOTHBIC (IIOKKYJbI, & MOTOMY
BO3MOKHOCTb HMX IPSMOIO KOHTaKkTa C 3arps3HEHUsSMU M KUCJIOPOJOM 3HAUYMUTEIbHO
yBenmuuuBaeTca. M3 3Toro ciemyer, 94TO COOTHOIICHHE AKTUBHBIX OAKTEPHH W OKUCIISIEMBIX
3arps3HEHUIl okaspiBaeTcss OonmpmmM B cucteme MBR, dem 3T0 00bIYHO BCTpedaercs: B
KJIACCHYECKON CUCTEME C aKTUBHBIM HJIOM.

ATNbTEpHATUBOW  TEXHOJIOTMM OWOJIOTMYECKOW OUYMCTKH C MHOTOCTYIIEHYATOM
JIOOYUCTKOH M TIOCTOSHHBIM BBOJIOM pPEAareHTOB SIBJSIETCS COBPEMEHHAas MeMOpaHHO-
OuosIoTHYecKasi TEXHOJIOTHS C UCIOJIb30BaHuEeM MeMOpaHnHoro 6uopeakropa (MBR).

MemOpaHHbIe OHOPEAKTOPhI - HOBOE MOKOJCHUE OMOJOTMYECKON OYMCTKH CTOYHOM
Bobl. OHM codeTaroT B cebe Tporiecchl MUKPOPHUIBTPAMK U yIbTpaQuIbTpalluy, a TaKkxKe
MPOIECC a3POOHON OMOIOTHUECKON OYMCTKH CTOYHBIX BOJI.

BHeznpenue TexHonorun MeMOpaHHBIX OMOpPEaKTOPOB 0OECIIEUUBAET:

- TIPOU3BECTH, 0€3 BKIIOYECHHUS B TEXHOJOTHUYECKYIO CXEMY JOIOIHUTEIBHBIX OJOKOB,
rIyOOKYI0 OYMCTKY CTOYHBIX BOJ OT 3arps3HSIOIIMX BEHIECTB [0 IOKa3aresei,
YAOBIETBOPSIOUINX TPEOOBAHUAM MO COPOCY OUMIIECHHBIX CTOKOB B MPHUPOAHBIE BOJOEMBI
BCEX KaTE€TOpH;

- TOBBIIICHUC TIPOU3BOAUTECIIBHOCTU OYHUCTHBIX COOp}I)KCHI/Iﬁ 3a CYCT YBCIMYCHUSA
KOHIOCHTPAlMW aKTUBHOI'O HMJIa B a9POTCHKAX;

- cHu3uTh Ha 20 - 40% maccorabapuTHbBIE XapaKTEPUCTUKA €MKOCTHBIX COOPYKECHUH,
TaK KaKk HeoOXOMMOE KOJIMYECTBO aKTUBHOTO HMJIa HAXOJAUTCS B MEHBIIEM 00beMe Tipu Ooliee
BBICOKOM KOHIIEHTPAIINH;

- ymenpmuth Ha 30 - 70 % mnnomaaun, 3aHMMaeMble OOOpYIOBaHUEM (BBUIY
OTCYTCTBHS BTOPHUHBIX OTCTOMHUKOB, OJIOKOB JIOOYMCTKH, UIIOBBIX MJIOMIA/I0K).

[1aBHBIM NIPEUMYIIECTBOM IpeularaeéMoil CXeMbl OYHCTKHM CTOYHBIX BOJ SIBIISICTCS
JOCTIDKCHUE BBICOKOH S(QEKTHBHOCTH TIIyOOKOH OYHMCTKH: COJEpKaHHE B3BEIICHHBIX
BemecTB B ¢uibTpate 3 wmr/a, cHmwkenue BIIKS no 60-80 % u XIIK  mo 40-60 %;
OCTaTO4HOE conepkanne Gpochopa B OYUIIICHHOHN BOJIEC B ATOM Cllydae COCTaBiseT 2-3 Mr/m, a
(hocdaros — 0.2- 0.4 Mr/n

KutioueBble cJjI0Ba: CTOUHBIC BOIBI; 3arpsisHuTenu; Gocdop, a3ot, Ouopeaktop.

Jluteparypa

HapuanbsHo-MeTonuHi Matepiamn CyMcbkoro JlepkaBHOTO YHiBepCcUTETY

http://sumdu.telesweet.net/doc/lections/Osnovyi-ekologii-i-ekonomiki-prirodopolzovaniya/8332/index.html

Texnomapk PXTY um /.M. Menneneesa
http://enviropark.ru/course/view.php?id=8

HIIIT Mennana-Oxo. CoBpeMEeHHBbIE TEXHOJIOTMM OYMCTKU IIPOMBIIIJIEHHBIX CTOYHBIX BOJA U pEKyNepaluu
OTXOJI0B

http://www.mediana-eco.ru/information/stoki_biological/bioreactor/

Texnomapk PXTY um JI.W. Menneneesa. TpaHCHaIIMOHAIBHBIM SKOJIOTHYECKUN TIPOEKT
http://www.hydropark.ru/equipment/membrane_bioreactor.htm
http://www.ecopolymer.com/2008-07-30-13-37-05/2008-07-30-13-58-56.html

BBS Research. Membrane Bioreactors: Global Markets. Susan Hanft. June 2008.
http://www.bccresearch.com/report/MST047B.html

CanurapHble IpaBUiIa X HOPMBI OXPaHbl IIOBEPXHOCTHBIX BOA OT 3arpsizHenus. CanlluH 4630-88.
www.complexdoc.ru/ntd/487990
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MeToabl 0YMCTKH CTOYHBIX BOJI pbi0onepepadaTbiBaloIiero npeanpusiTus
Amypos A, lllepmatos . H.", Caunos A.M.

T'opHo-meTamnypruyecknii nHetutyT Tamkukucrana, yi. Mockosekas 6, 735730, r. Ukanosck, Pecriybnuka Tampkukucran

“Email: jamshed8808@mail.ru

Te3ucel

OnHUM W3 OCHOBHBIX HamlpaBlIeHHH paOOThl IO OXpaHe BOJHBIX PECYpPCOB SIBISICTCS
BHEJIPEHHE MPOTPECCUBHBIX TEXHOJOTHYECKUX TPOIECCOB OYUCTKH CTOYHBIX BOJ M MEPEXO]I
OpeAnpusATHi Ha 3aMKHyThle (OeccTOuHble) LUKIBI BOJOCHAOXKEHHUS, B KOTOPBIX
o0paboTaHHbIE BOJABI HE cOpachIBAIOTCS, a MHOTOKPAaTHO MCIOJB3YIOTCA. B Takux nukiax
MIPOMBIIIJICHHOTO BOJIOCHA0KECHHUSI MOXKHO TPUMEHSTh XHUMHUYECKHE METOAbl 00paboTKH
CTOYHBIX BOJ [1].

Crouynble  BOABI  pbIOONEpepadaTHIBAIOIIMX  TPEANPHATHN  OTHOCATCA K
BBICOKOKOHIICHTPUPOBAHHBIM CTOKaM M COJAEp)KaT MHOIOYUCIIEHHBbIE U Ppa3jIMyHbIE IO
HPUPOAE 3arps3HEHMS.

HpOMBIHIJ'IeHHI)IG CTOYHBIC BOJBI, C6paCI>IBaeMI>Ie 3THMH NpCAInpuiATUAIMUA,
PasaCIIrOTCA Ha YETBIPE KaTCTOPHU:

- 3arpsI3HEHHBIE, COJIEPIKAIIE KHUPBI;
- 3arpsI3HEHHBIC HEXXHUPHBIC;

- He3arpsi3HEHHBIE — OT 0apOMETPUUYCCKUX KOHJCHCATOPOB M OT OCBEKEHHS OOOPOTHOMU
BOJIBI ¢ TeMiiepaTypoit 25—40°C.

CrouHble BOAbI mepea cOpOcOM B CETh OOILIEro CTOKAa JOJDKHBI MOJBEPraThCs
Ne3MH(EKINN XJIOPOM WM XJOPHOM u3BecThlo. M3 cetm oOmiero croka crouyHas Boa
MPEeANPUATHST HAINpaBisieTcss B TOPOJACKYIO KaHAIW3alWI0 WM HAa MECTHblE OYMCTHBIE
KaHAIM3alMOHHBIE COOPYKEHUS.

IIpy caMOCTOSATENbHBIX COOPYKEHHUSIX OHOJOrMYECKOM OUYUCTKM CTOYHBIX BOJ
HE3arpsi3HEHHbIE BOJBI OOBEIMHSAIOTCS C TPSA3HBIMU Ul CHWKCHHS CTENCHM 3arpsS3HCHHS
MOCTETHUX, M CETh HE3arps3HEHHBIX BOJ HCKIO4YaeTcs. Takoe OoO0beAMHEHHE CTOKOB
JIOTYCKAeTCsl U MNPU BBIIIYCKE UX B CUCTEMY IOpoJCKOM kaHanuzauuu. [Ipu Bcex yciioBusix
BBIlyCKa CTOYHBIX BOJ HAa TEPPUTOPHH pPbI003aBOJA JOJDKHBI OBITH IPETYyCMOTPEHBI
CJIEAYIOIINE MECTHBIE OUUCTHBIE COOPYKEHUS:

-pCIICTKU, NICCKOJIOBKH U )KUPOJIOBKHU AJI IPOMU3BOACTBCHHLIX XUPHBIX BO/;
-OTCTOMHHUK JUIA 30JIbHBIX BOJ ITOCOJIOYHOTO II€XA.

CrouHble BOJIBI, OCOOCHHO OOraThlie >KUPaMH, T€pel BBITYyCKOM B OOLIYIO IKHPOJOBKY
MIpeIBapUTEIHLHO 00pabaThIBAIOTCS B MECTHBIX IIEXOBBIX JKHPOJOBKaX. Bpems mpeObiBaHHA
CTOYHBIX BOJ B OOIIEH KUPOJIOBKE TpUHUMAaETCs paBHbIM (.25 .

Jlis ManbIx pbI003aBOZIOB C KOJMYECTBOM CTOYHBIX BOj 70 500 M3 B cyTKH mpu
OMOJIOTUYECKOM OYMCTKE B HMCKYCCTBEHHO CO3JAHHBIX YCJIOBUSAX NMPUMEHSIOTCS KallelbHbIC
OMOGUIBTPEI WM KOHTAaKTHBIE OWOGHUIBTPHI aBTOMATHYECKOTO neiicTBus. [Ipm sTOoM
HCTIONB3YIOT OYUIIEHHYIO CTOYHYIO BOXY JUIS pa30aBiieHHs (PEUUPKYIISINN) HEOUUIIEHHBIX
ctokoB ¢ noserenneM ux BIIK mo 400 mr/n. {ns ppr603aBoIOB € pacXoa0M CTOYHBIX BOJ OT
500 go 1000 M3 B CyTKM MPHUMEHSIOTCS OMO(DUIBTPHI JI000M KOHCTPYKUMHU (KareabHbIe
JIBYXCTyTEHYATble, a’poduibTpel M OalieHHbIE). B KadecTBe NEepBUYHBIX OTCTOMHHKOB
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HE3aBHCHMO OT KOJINYECTBA CTOUHBIX BOJI CJIEAYEeT IPUMEHATh OCBETIUTEIN-IIEPErHUBATEIH C
€CTECTBEHHOMW WJIM UCKYCCTBEHHOU a’paruen.

K HpO6H€MaM, CBA3AHHBIM C 3arpsA3HAIOIHUMHA ar¢HTaMu, OOBIYHO OTHOCSTCS:

o Bricokas KOHIIEHTpauusi TBEPHAbIX YAaCTUIl U OPTaHUYECKUX BEIIECTB B CTOYHOM
BOJE;

o IloBbllIeHHBIE KOHIIEHTpALUU coliel (Xnopu HaTpus);
e Bricokue 3nauenus XIIK (Macna, sxupbl u Oenkn);
e AmMoHnuii azor u pocdop;

B pr6HOI>i IIPOMBIIIJICHHOCTU 3arpA3HCHHAsA BOJd, O9TO CJIOKHasA onoxumuyeckas
CcucTema, 06pa3y10u1aﬂc51 B IIpoHecce 1mocoJia pI)I6I>I " COCTOdIIas U3 BOJbI, XJIOpUAa HAaTPU,
COJICPACTBOPHUMBIX 6GHKOB, TKaHCBbIX U 6aKTCpI/IaJ'IBHLIX Q)CpMCHTOB.

[Ipy TPOMBIIUIEHHOM MPOU3BOJICTBE CIAOOCOJICHOM TPOMYKIMH W3 MEIKOH PBHIOBI
MIPUMEHSIOT MOCOJI B IUPKYJIUPYIOIINX 3arpsI3HEHHBIX BOJAX. ,

Pri6onepepabatsiBatomipbiii komruieke OVYJIY C HACEJIEHUMEM 150 000 HEJIOBEK
OCHAIllEHA CHCTEMOH MEXaHWYEeCKO-OMOJOTMYECKOW OYMCTKM CTOYHBIX BOJ  ObLIa
ckoHcTpyHnpoBana 50 et Hazax u obcmyxuBana 50 000 gemoBek. B To Bpems B ropoae He
ObUTO  PYTOHM TMPOMBIIUIEHHOCTH KPOME PBIOHOM, M CTOYHBIE BOABI BMECTE€ C OTXOJAMHU
PBHIOHO MPOMBIIITIEHHOCTH cOpachIBAINCH B MOPE.

B coorserctBun ¢ JupexktuBoit EC 1o ouMCTKe CTOYHBIX BOJA B palioHax c
MOBBIIMIEHHONW YYyBCTBUTEIBHOCTBHIO, TpeOOBaHUS MO yjaaleHWto oOmmx ¢ocdaroB Oosee
xectkue (<0.5 mr-P/nm?). Pelienne peKOHCTPYHMPOBATH OYHUCTHBIE COOPYKEHHUS 10 XUMHUKO-
OMOJIOTUYECKOM CHCTEMBI OYMCTKH CTOYHBIX BOA sl oOciyxkuBanus Hacenenus B 200 000
yenoBek B 2030 romy. CONMpsHDKEHO TEM, YTO OYHCTHBIC COOPYIXKEHHUS PACIIONIOXKEHBI Ha
TEPPUTOPUH, KOTOPYIO HEBO3MOXKHO PACILIUPUTb.

O0630p METOZIOB OYMCTKH 3arpsS3HEHHBIX BOJ PhIOONIEpepadaThIBAIONINX MPEANPUITHI
B OTPaHMYEHHOM TEPPUTOPUU B TOM YHCIIE HA paccMaTpHUBaeMOM OOBEKTE Kak Hambojee
MIPUEMIIEMBIM, Ha HAaIl B3I ABIsETCS «MeToa pereHepanyisi ¥ TOBTOPHOTO UCTIOIE30BaHHS
3arpsi3HEHHBIX BOJ| pbIOOIIEpepadaThIBAIONIET0 KOMIUIEKCa» MPU KOTOPOM BBITOIHSIETCS
YCIIOBUSI COBPEMEHHBIX TPEOOBaHUM W TpeOOBaHMS aJAMHUHUCTpaNUU ropoza (tabmuma 1)

Ta6auna 1 TpeOGoBaHus aIMUHUCTPALMH TOPOJIA

Hacrosiiee Bpemst B Oynymem
[Tpou3BoaUTETLHOCTH 150 000 uemn. 200 000 gen. + 30 000 skB.yeu.
Hupextusa EC no ouncrtke
B3Beliennsle BemecTsa 50 mr/mm’ CTOTHBIX BOIi B panoHax ¢
MOBBILICHHOM
9yYBCTBUTEIbHOCTHIO
O611ee KOIHYecTBO P 2 mr/am® 0.5 mr-P/om’
OO01ee konmmuecTBo N 30 mr/mv’ Jupextupa EC mo ounctke
CTOYHBIX BOJ] B paiioHax ¢
XIIK 170 mr/am® ITOBBIIIIEHHOM
9yYBCTBUTEIbHOCTHIO
pH 7.7 7.7
[Tpu pazpaboTke HOBBIX TEXHOJIOTHI OYUCTKH CTOYHBIX BOJ| phlOOTIepepadaThIBAIOIINX
MPEANPUATHIA CIEyeT YYHUTHIBATh Pl OOCTOSTEIBCTB: - OTrpaHHYCHHbBIE pPA3MEPHI
IUIOIIAJIOK  IOJ ~ OYHCTHBIE COOPYKEHUSI M  HUX  HACBIIEHHOCTh  HHXKCHEPHBIMU
KOMMYHUKAIUSIMU; - YPOBEHb 3ajeraHusi TI'PYHTOBBIX BOJI; -HEOOXOIUMOCTh
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CTPOUTENILCTBA WJIM PEKOHCTPYKLIMU OYUCTHBIX COOPY>KEHHH B KOPOTKHME CPOKU 0€3 KaKux-
a100 HApYIIEHUH TEXHOJIOTUYECKOTO LUK JeHCTBYIOIETO MPeIIpPUsTHS.

PazpaboranHble U TpoIIeANIHe IKCIIEPUMEHTAIBHYIO TPOBEPKY HOBBIE KOMITAKTHEIC
COOPY>KEHHS JUIS TITyOOKOW OYMCTKH CTOYHBIX BOJ] B HACTOSIIIEE BPEMs BHEIPCHBI HA MHOTHX
pbiOonepepabaTbIBaOIMX MNPEANPUATUSAX. TeXHOJIOTUs, MOJO0XKEHHass B OCHOBY paboThbI
COOpY’KEHHH, pe1yCMaTpUBAET:

— HU3BJICUCHUC KPYIIHbBIX OT6pOCOB Ha PpCHICTKAX, IMECKa U JPYIruX MHHCPAJIbHBIX
HpHMeCCﬁ B TAHI'CHIUAJIBHBIX ITCCKOJIOBKAX;

— yIlaJleHUe B3BEIICHHBIX BEIIECTB U )KUPOB B OTCTOHHHUKAX-(PIOTaTOPAX;

— JIBYXCTYTICHUYATYIO0 OHMOJIOTHYECKYI0 OYHCTKY BOJBI B adPOTEHKAX-OTCTOMHUKAX CO
CTpYHHOI arpaluei;

— JIOOYHCTKY Ha (PMIIBTPAX C TUIABAIOMICH EHOTIOIMCTHPOIBHOM 3arpy3Koii.

Ipeanaraemasi NPUHUMNHNAIBHAS CXeMa YCTAHOBKHU pereHepanuu 3arpsi3HeHHbIX
BOJ ISl pbifonepepadarpiBalommx npegnpusTuii 10 1000 m® orseuaer TpeGoBaHMIO
agMUHUCTpanuu ropoja ¢ HaceireHuem ao 200000 + 30000 uenoBek W MpPU ITOM 3a CUET
TEXHOJIOTHYECKOIr0 IMPOLEecca MOBTOPHOTO HCIOJIb30BaHMUs OuMIeHHONH Boabl Ha 10-20 %
3KOHOMHUT UCTOJIb30BAaHUE YUCTOM BOJIbI U HE TPEOYET NOMOTHUTEIbHBIX IJIOIIAACH.

[Tpunun paloThI npeziaraeMon TEXHOJIOTUUECKOH CXEMBI s
priboniepepabarbiBaroniero Komriekca ropoaa Oyinu COCTOMT U3 TOTO, YTO Ha HEPBOM ATare
cucTeMa MEXaHWYEeCKON (UIbTpAMK yIalseT TBEpAble YaCTUIb U KPYIHbIE 3arps3HEeHus], Ha
BTOPOH CTaJvy MPOU3BOJUTCS OYMCTKA 3arpsA3HEHHON BOJBI OT OPraHUYECKHUX 3arps3HEHHI
Mmaccoii Oomee 200 KJla meromom ympTpaduIbTpalyy IMOJ BaKyyMOM Ha 3apsDKEHHBIX
MOJMMEPHBIX MeMmOpaHax. B xome mporecca (uIbTpoBaHHS MOJ BaKyyMOM, YpPOBEHb
CTOYHBIX BOJl B €MKOCTH aBTOMATHYECKU TMOJJIEPKUBAETCSI HA TaKOM YPOBHE, 4YTO
IJIOCKOpaMHBIE ~MEMOpaHHbIE MOJAYJIM BCErja TOJHOCTBIO TIOKPBITHI  KUAKOCTBIO.
[lepuonuueckn, Mo Mepe KOHLEHTPUPOBAHUS B €MKOCTH OPraHMYECKUX 3arps3HEHUH 10
MaKCHUMaJbHO BO3MOXKHOM CTENEHH, HPOM3BOJAUTCA cOpOC 3arps3HEHUH B IIJIaMOBBIN
pesepByap Hakonurenb. [llnam nocne nanbHENIIEro CryeHns BbIBO3UTCS HA Y THIIN3ALHIO.

OuUIbTpaT - BEICOKOKOHIICHTPUPOBAHHBIA PACTBOP IMOBAPEHHOM COJIM, OUUIICHHBIN OT
OCHOBHOM MacChl BBICOKOMOJIEKYJISIPHBIX OpPraHMYECKUX 3arpsisHeHn# (OeIKoB, )KUPOB U T.I1.),
co cHmwkeHHbIM B10-100 pa3 3HaueHnmem Xxumuueckoro mnorpedbnenus kucinopoaa (XIIK)
nojaercss Ha (UHUIIHYIO CTaJUI0 OYMCTKU. B kauectBe obOopynoBaHus uis (QUHUILIHON
OYMCTKM Mbl NPUMEHSEM YCTAaHOBKHM HAHO(QMIBTPALUHM CO CHELUAIBHO I[0J00paHHBIMU
MemOpanamu komnanuu Filmtec, koTopsle mpomyckaioT B ¢uibTpaT 10 85% xmnopuaa
HATpPHUS, MPU ITOM 3aJIEpPKUBast CylIb(arbl U OpraHUUYecKue 3arpsizHeHus maccoir 6onee 200
HanpToH. KOHIEHTpar ¢ ycTaHOBKH HAaHO(DWIBTPAIIMH BO3BPAIIAETCS B TOJIOBY OYHCTHBIX
COOpY’KEHHI C IETbI0 MOBTOPHOU OYMCTKH. DUIBTpAT MPencTaBIsieT COO0H 3arps3HEHHYIO
BOAY cO cHMKeHHOU Ha 15-20% KoHUEHTpauueld NOBApEHHON COJIH U MOCIE KOPPEKTUPOBKH
COJIEBOTO COCTaBa IOJAETCS Ha IMOBTOPHOE MCIOJIb30BAHUE HA YYAacTOK I10COJIAa PBIOBL.
JlokanpHasi OYMCTKA CTOYHBIX BOJ M 3arpsi3HEHHAs BOJIa BO MHOTHX CIIydasx JIEHICBIIEC UX
IOJHOM OYUCTKM M cOpoca B BOJHBIE OOBEKThl B COOTBETCTBUH C CYILECTBYIOLUIMMU
tpeboBanusimu I1JIK, a co3manme cucteM HOBTOPHOIO MCIIOAB30BaHMS OYMILEHHOTO OT
OpPraHMYEeCKUX IMPHUMECEl M B3BEIIEHHBIX BELIECTB paccoia SBISETCS BaXKHEHIIEeH 4acTbio
0€30TX0THOTO MPOU3BOJICTRA.
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[IpuHUMNHAIBLHAS CXeMa YCTAHOBKH pPereHepaunuy 3arpsi3HeHHbIX BOJI U1
pridonepepadaTHIBAIONINX NPeINPUATHI

UNLTPASBUKOBO JATUHK UPOBHA
TIOKABAET SATIDTHENAE EMKOCTH B FIPHENHAR ENFOCT TPETDUMUERHOA
TIPDUEHTAX KDHTPOIMPYET TPA [[SATPASHERHOR B0 OFbEM EMROCTH 543
UPDBH_HATOTHERWA EMKOCTA —_——

_PACKUNOMED WILIPOBMKOROE
BHNOMHEN B MIE OWXA HA TPUSY

HACOC MHEOMATHUECKWA s
IEPEKANKH CTONHDX B0 W TPHAMEA
5 PEAKTOP. DCURMTE, PACKO!
DA 1200 NMN. TIPH_JADIEHH
5 bt

TAKET BAKUSMHIX
NLTPASUITPALMOHHHX MEMEPAH.

PAIMEP NOP 250K112

PEAKIOP N0JKACTERHA CTOUHBX B0
KOATUSILAK W SALTPATHILTPALWH.
OFhEM PEAKTOPA 5 o

(OGbEM 500 - PAGOMA 450 1, DCHAULEHA

P R |
BHCOKOBAIHX CPEA, DWKODIA PACXOA |
BOSIYXA 1200 UMM, TEPEKAYMBAET
WUIAM 8 EMKOCTb 118 XPAHEHWS, 15O
B MOGHALIYD EMKOCTS

“HOMPUILAN HACOCOM, 4 CHCTEMDA

DI, OGEM ENKOCTH 51 w3, BOMDKHD

i
— lo®
— @

DIDJSEMHUE EMKOCTH 1A CEOPA WIAMA
OBIAR OELEM 1063 - 21500, NONKTHIEN
BHCOKOTD JABTEHH, DCHANEH IPEHAXHHM
HACOCOM 1179 OTRASKH WAAWA 1017 BB03A
o e

CHCTEMA HHSKOHATIOPHOR HAHOSATTPALY,
B SAMENE KAXAE
BHCTPOCMEHHHA THEBMATWAECKHR HACDL. 18000 4ACO PASOTH. WSO TPH ANMTENGHOM
C BOSMOXHOCTED PAITENGHOR nOBA | |nPOCTOE chCTEMS, SOnE 3 WEdEns
A0S HECHERHBAIGACS TOTOKD0. OGECTEARAET
WATHETAHNE 8 CHCTEHE OEPATHOOCHOTHVECKOR

THILTPALAH W CHHXPOHHSHPOBARRUD TIOIAYS
WA COPGUMONHHE FKATATHTHECKHE PHTS TP,
PACKOR Boanua 20 Amnn |

[Ipennaraemasi cxema mOpeayCMAaTpUBACT MMEHHO YAacTHMYHO 3aMKHYTYIO CHCTEMY
OYNCTKH CTOYHBIX BOJ pbIOONEepepabaThBAlOMMX TNpeanpuatuii JlokanbHas OYHCTKA
CTOYHBIX BOJ M 3arpsi3HEHHas BOJAa BO MHOTHX CIIy4asiX JEIICBJie UX TOJHOW OYHUCTKU U
cOpoca B BOAHBIE OOBEKTHl B COOTBETCTBMU C cyllecTByromumu tpeboBanusimu I1JIK, a
CO3JlaHM€ CHCTEM MOBTOPHOI'O HCIHOJIb30BAHUS OYMIIEHHOI'O OT OPraHUYECKUX Hpumeced U
B3BELIEHHBIX BEILECTB paccoiia SBJISETCS BaKHEHIeH yacTbio GE30TXOAHOrO MPOU3BOJICTBA.
[Ipennaraemasi cxema MpeaycMarpuBaeT WMEHHO YacTUYHO 3aMKHYTYIO CHUCTEMY OYHCTKH
CTOYHBIX BOJ pblOonepepadaThIBAIOLIMX MPEANPUATUH U TMOITOMY MPOUCXOAUT IKOHOMHUS
notpedsieHust YucToi Bosibl 10 20% OT nepBOHAYaILHOTO.

Pe3yabTaThl 0YHMCTKH VISl IOBTOPHOIO MCIOJb30BAHHE OYMINEHHOI BOABLI NMPH
paboTe mpearaeMoro BapuaHTa JAl0T BO3MOXXHOCTH BbimosHeHusi upektuBsl EC 1o
OUMCTKE CTOYHBIX BOJ| B pallOHaX C TOBBIIICHHOW YyBCTBUTEIBHOCTHIO U  TOKAa3bIBAET
XIIK<30, B3BemieHHbIe BemecTBa- SO MI/i, 4To OTBedaeT TpeOOBAHUSM aJMUHHUCTPAIINH IO
YacTH MOKa3aTells B3BELIEHHBIX BellecTB, a 1o XIIK moigydyeH HaMHOro JIydIiuii pe3ysibTaT
<30 npotus 170 MI/IM®  Ha BBIXOJIE.
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THTIOXTOPHTA HATPHA W3 MOTHTPOTMAERA,
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IHEBMATAECKOTO TEPEMEUMBANKA

DIPMEMHAR_ EMKOCTS OUMNEHHOR JATPASHEHHOR

[ HOBTOPHOE WCTOb0BARHE HAKONTERHO B0RE.



Taﬁ.)mua 2 Pe3yJ'H>TaTI>I OYMCTKHA [JId TIOBTOPHOI'O HUCIIOJIb30BAHUC OIII/IIHGHHOI71 BOJbBI IIpU pa60Te
npepjiaraéMoro Bapuadnra

OTpaboTaHHBI Mocae MMocae IMocae I'oCT

TTokazareJs ||ii 3arpsiHeHHast | puiabTpanu || yabTpaduiabTpany | HaHOGUIbTPaNUy || 3arpsHeHHa
BOAa " " " s1 BOoJa

pH |73 | 713 | 73 | - |-
Aaorobmu, | 44 0.46 . . .
%
A3zor
aMMOHUHHBIN 500 500 - - <30
, MI/11
DKuper, mr/n || 120-50000 | [ 10-150 | - | <45
Pocop, 400 400 120 10 <25
MT/J1
ff“"pm"’ 71 120160 120-160 120-160 100-136 120-160
Cymvarer, 200 200 200 <10 <100
MI/JT
XIIK, 1000-600000 i 420 <30 <30
mrO2/n
B3Beniennnie
BEILIECTBA, 500 50 0,1 - -
MI/11

Bce 5TM JaHHBIE IOKA3bIBAIOT, YTO B XOJ€ Pa0OTHI BBHINOJHEHA OCHOBHAS IIEIb
paboTHl - CO3/IaHKE YCIOBUI, KOTOPbIE Obl B MUHMMAJILHOM CTEIIEHU OKa3bIBAId HEFATUBHOE
BO3IEHCTBHE HA OKPYKAIOILYK Cpedy C YBEIMYEHHEM MOIMHOCTH MPEIIPUATHS [0
TpeOGOBaHMIl aIMUHHACTPALUK TOPOa U BhIIONHeHUH JlupektuBbl EC 10 0YMCTKE CTOYHBIX
BOJ B palioHAaX C IOBHINICHHOH YyBCTBUTEIBHOCTHIO, TPEOOBaHUA IO yJAICHUIO OOLIMX
pocparos (<0.5 mr-P/om?).

Kuroueswble cioBa: crounbie Boapl; bIIK; pprdo3aBos; Onopuustp.

JlutepaTtypa

OcnoBbl xumndeckoit Texnonoruu / Ilox pen. npod. W. I1. MyxnenoBa. M.: Beicmas mkomna, 1991, c. 218, c.
246 —261.

CripaBo4HBIE MaTepHabI 110 Kypcy “BomooTBenenue u ounucTka cTouHbIX Bog . — Omck: OMI'AY, 2000. — 23 c.

STkosnes C.B. Bogootsenenue u ourictka ctounbix Boj / C.B.SIkosnes, F0.B.Boponos. — M.: ACB, 2002. —
704 c.

Iocnenos 0. B., Kum I'. H. «TexHonorn4yeckue mnporeccsl, 000pyI0BaHUE U JINHUN
PpBIOOTIpEpepadaTHIBAIOIIUX POU3BOJACTBY. — BiaaguBoctok 2007.r. — 270

320



	150_1500_publications__
	Selected_Publications_WH_Water_Research_and_Technology
	Selected_Publications_WH_Water_Research_and_Technology
	Combined_articles_WH_blackwhite
	0000_First page
	000_Table of contents
	Brannik
	Brannik2
	Buchisnak and Kulinska_ENGLISH
	Buchisnak and Kulinska_Rus
	Dormeshkin_article 03042015
	Dubina
	Fedorenko
	Fomina
	Gruzdeva_бучинская_статья_1
	Harkusha V
	Kalashnykov_changed
	Kemalova_English version
	Kemalova_Russian version
	Kulesha et al
	Martsul A
	Martsul A_ru
	Oliinyk_Kozhmynikh
	Oliinyk_Kozhmynikh_ru
	Oliinyk_second report
	Oliinyk_second report_ru
	Petrus Vasyl
	Sanginova_fin
	Sapon, Martsul
	Shakhnovsky_05_Apr
	Shelestina
	Shelestina_rus
	Smotraiev_УГХТУ
	Solodovnik+Stolyarenko_article
	Sorochkina Report
	Stolyarenko
	Vasenko
	Vasenko_ru
	Vereshchuk
	Vereshchuk_ru
	Vorobiov
	Z 039_Исследование качества поверхностн
	Z 040_Пробоотбор и качества результатов
	Z 041_Окисл. восст
	Z 042_Метод ЭТААС Молибден
	Z 043_Подготовка проб проточной
	Z 044_Очистка от азота и фосфора
	Z 045_Очистка сточных вод рыбоперер






