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OPTIMIZATION OF THE ANTI-SCALE CORRECTIVE
TREATMENT OF WATER BY ORGANIC PHOSPHONATE

Introduction. Anti-scale corrective treatment (ACT) is an important part of power plant operations, especially in
cooling systems. The treatment of cooling water with 1-hydroxyenelyleden-1,1,-diphosphonic acid (HEDP) has
been widely used in circulating cooling systems of power plants (CCS), and its use needs to be optimized to achieve
maximum treatment efficiency.

Problem Statement. The effectiveness of ACT reagents depends on their dose, contact time, temperature, and pH.
The dosage of HEDP is determined at the stage of designing a power plant and is often implemented in fixed concen-
trations, irrespective of subsequent changes in technology and cooling water quality indicators during the operation.

Purpose. The purpose of this study is to optimize the use and to minimize the discharge of HEDP in water bod-
ies during ACT of CCS.

Materials and Methods. The CCS Rivne Nuclear Power Plant (Rivne NPP) is the object of the study. Stan-
dard chemical control methods and statistical methods have been used in the research.

Results. Data from long-term monitoring and maintenance of the water chemistry regime and discharges of
Rivne NPP cooling water have been analyzed. The total hardness of the cooling water has been used as a criterion
Jor the variability of the HEDP dosage. During the period of variable dose, there have been reported a decrease
by 30% in the total amount of HEDP used for cooling water treatment, a decrease in the concentration of HEDP
in the auxiliary water (from 0.410 to 0.204 ppm), and a minimization of HEDP discharge into the Styr River with
the return water after Rione NPP discharge (from 0.36 to 0.105 ppm).

Conclusions. The model of variable dose of HEDP has been implemented for Rione NPP in order to minimize
its use and corresponding discharge to water. During the period of variable dose of HEDP, as compared with con-
stant concentration dose, the amount of HEDP used while maintaining the efficiency and the concentration of the
CCS makeup and return cooling water decrease, and the HEDP discharges with return water have been minimized.

Keywords: circulating cooling system, 1-hydroxyenelyleden-1,1,-diphosphonic acid, dosage optimization, and dis-
charge of wastewater.
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Fig. 1. Schematic structure of HEDP and the formation of precipitates and complexes with calcium ions: @ — schematic

structure of HEDP; b — Ca-HEDP precipitate (2:1); ¢ —

In circulating cooling systems (CCS) of power
plants, the main source of contamination of con-
densers is the formation of hard mineral deposits
of calcium carbonate scale. The formation of scale
in cooling systems is caused by the fact that in-
creasing mineralization of cooling water as com-
pared with the mineralization of additional water,
as a result of its evaporation, leads to the disinte-
gration of calcium bicarbonate dissolved in water,
which turns into a calcium carbonate precipitate
[1]. All this during the operation of the SCS leads
to a decrease in the transfer efficiency of the heat
exchange equipment and clogging of the pipes [2].

To prevent the formation of scale, the following
methods are used: CCS blowing that reduces the
degree of evaporation, the hardness of the cooling
water (in particular liming) and stabilizing anti-
scale treatment (in particular phosphonates) [3].
Since the 1960s, organic phosphonates have been
used for corrective treatment of CCS cooling wa-
ter, as effective and inexpensive inhibitors to pre-
vent the formation of calcium carbonate (CaCO,)
scale [4].

Presently, organic phosphonates are the domi-
nant scale inhibitors with acceptable efficacy and
low cost. There are two classes of organic phos-
phonates used as scale inhibitors: the substances
having one or more groups of acid residues —
PO,H, and the substances having a C—P—C con-
nectlon with the formation of —PO,H—. Widely
distributed organic phosphonates are HEDP,
2-phosphonobutane1,2,4-tricarboxylic acid, poly-
amino polyether methylene phosphonic acid, and
amino-tris-(methylenephosphonic acid). HEDP
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Ca—HEDP precipitate (1:1); and d — Ca-HEDP complex (1:1)

(Fig. 1, a) is a white crystalline powder that dis-
solves well in water, its melting point is 198—
199 °C. HEDP dissociation constants are as follows:
pK, = 1.7, pK, = 2.47; pK, = 7.28; pK, = 10.29; and
pK, = 11.13. In aqueous solutions, when calcium
ions interact with HEDP, it is possible to form pre-
cipitates with a Ca-HEDP ratio of 2:1 (Fig. 1, b),
1:1 (Fig. 1, ¢), and a complex compound (Fig. 1, d)
[5]. At a temperature that is typical for circulating
cooling systems of turbine condensers, HEDP does
not undergo hydrolytic decomposition and retains
its stabilizing properties; in the concentration ran-
ge from 0 to 20 ppm. Also, it does not affect the
change in the hydrogen pH indicator [6].

The mechanisms of HEDP inhibition and the
formation of CaCO, precipitate have been inves-
tigated by studying the surface charge and crys-
talline form of the scales [1, 7]. Studies of the
structure of CaCO, precipitate formation in the
presence of HEDP have proven that the shape of
the precipitate changes due to the absorption of
HEDP on already formed CaCO, crystals, and
the formation of the solid phase of the CaCO,
precipitate is inhibited by HEDP, as a result of
which the entire process of CaCO, formation is
greatly slowed down [8].

Organic phosphonates can lead to a high level of
phosphorus in CCS return water that is discharged
into a water body, and the concentration of total
phosphorus can increase and reach 1—15 ppm [9].
Due to the natural mechanisms of phosphonate
elimination, the long-term release of bioavailable
orthophosphate from phosphonates in natural wa-
ters is ensured, thus, eutrophication processes are
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Fig. 2. Biological contamination of cooling towers of the Rivine NPP by algae in 2019: @ — water distribution network;
b — exhaust tower

not excluded [10]. Total phosphorus content above
1 ppm can lead to the eutrophication of the aquatic
environment, both the CCS aquatic environment
(Fig. 2) and the natural water body where CCS
return water is discharged [11, 12].

The appearance of biological fouling, as well
as the requirements for the need to provide CCS
with a significant amount of water and complian-
ce with environmental standards for return water,
force power plant operators to develop and imple-
ment optimal methods of using chemical reagents
[13]. To maintain the optimal water-chemical
regime of CCS, it is necessary to minimize the
content of phosphorus dosed into the cooling wa-
ter to avoid its negative impact on water bodies.
Improving the activity of a nuclear power plant
with the introduction of control and diagnostic
methods is an urgent task [14].

According to the EU directive [15], the follo-
wing requirements are established for the maximum
concentrations of total phosphorus (including or-
ganic phosphonates) when discharging treated
effluents into water bodies sensitive to eutro-
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phication: cities with a population of more than
100,000 conditional residents — 1 ppm; cities
with a population of 10,000 to 100,000 conditio-
nal residents — 2 ppm; and cities with a popula-
tion of less than 10,000 conditional residents shall
reduce the concentration of total phosphorus by
at least 80%. Contents of HDEP in surface waters
for Ukraine are regulated by the requirements for
maximum permissible concentrations (MPC) in
reservoirs for fish farming (0.9 ppm) [16]. In the
literature, there is a limited amount of data on the
concentration of HEDP in the surface waters of
the river: 0.3—1.6 ppb HEDP in six German rivers
[17] and 0.088 ppb HEDP in Chinese river [18].
HEDP accumulates in the surface waters of reser-
voirs in both dissolved and adsorbed forms [19].
The use of chemical reagents for water prepara-
tion and maintenance of the water-chemical regi-
me of technological environments of power plants
affects the economic efficiency of the operation of
the power plant as a whole [20]. To increase the
efficiency of work, measures should be taken to
eliminate the possibility of unjustified excess do-
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sing of reagents with the introduction of effective
mechanisms for optimizing their use. The minimi-
zation of the use of chemical reagents for power
plants with the discharge of return water into
water bodies is also due to the need to minimize
the discharge of polluting substances and their
impact on the environment.

The purpose of our study is to optimize the use
of HEDP for the anti-scaling water treatment of
CCS power plant water by implementing a do-
sing variability model to minimize phosphonate
emissions without reducing the effectiveness of
HEDP anti-scaling water treatment.

Our studies have been conducted for the tech-
nological waters of the CCS Rivne NPP and the
surface water of the Styr River. The Rivne NPP
nuclear power plant has four power units of the
VVER type, located in Eastern Europe, in Ukraine.
The Rivne NPP cooling system is an open-type
CCS with water cooling in tower cooling towers.
The cooling water consumption of power units
No. 1, 2 (VVER-440) is 91 thousand m?/h for each
power unit, power units No. 3, 4 (VVER-1000) —
188.9 thousand m®/h each. For powering the CCS
Rivne NPP water from the Styr River is used with
a flow rate of 4.000 to 8.000 m?/h. The discharge
of return water is carried out in the Styr River
without preliminary treatment, the permissible

dump volume of discharge of cooling water into
the river is 2483.75 m?/hour, and the actual dump
volume is 1419.72 m3/h.

In the course of our research, the HDEP con-
centration has been measured by the photocolori-
metric method [21], and chloride ions and total
hardness have been measured by the titrometric
method [22, 23]. Sampling and control of samples
have been carried out according to the require-
ments [24] by the certified measuring laboratory of
Rivne NPP (certificate of recognition of measu-
ring possibilities No. R-8/11-57-5 dated 22.12.17),
with the use of measuring tools that have been
verified in the field of the State Metrological Su-
pervision of Ukraine. The chemical control data of
CCS Rivne NPP and water of the Styr River has
been analyzed based on the results given in the re-
ports on the assessment of factors of non-radiation
impact on the environment of Rivne NPP. The per-
mission of Rivne NPP for the publication of cont-
rol data in open sources was obtained (Rivnhe NPP
Act No. 036-08 —A—Zag.B dated 02.03.2023).

CCS makeup water treatment at Rivhe NPP
includes pre-treatment of the water of the Styr
River by liming in bicarbonate mode, as a result
of which the content of calcium ions and total
mineralization in the additional cooling water
decreases (Table 1). HEDP dosages for the treat-

Table 1. The Range of Changes*® of Hydro Chemical Water Quality Indicators of the Styr River,
Additional Cooling and Cooling Water of CCS Rivne NPP (2012—2022)

Components Water of Styr river Makeup water CCS Rivne NPP Cooling water CCS Rivne NPP
. - 369.7 290.3 756.4
Total lization, Al __2I9UD . ob4
Ol MIMETAHZation, PP 339 37691.6) (305.6-526.4) (509.25—1150.6)
Sulphate ions. ppm 38.63 49.55 128.4
p S, PP (23.79—61.28) (25.61—85.63) (70.36—185.63)
o 15.04 58.14
Chloride ions, ppm (11.34—19.15) (30.11-79.22)
Calcium ions. pom 95.41 68.40 170.35
, PP (87.35—105.96) (35.64—78.52) (125.46—220.34)
Magnesium ions, ppm __ 1504 5814
& PP (11.34—19.15) (30.11—79.22)

* Note: —369.7 average value, (339.3—621.6) minimum-maximum value.
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Fig. 3. Dependence of HDEP concentration (HDEPcw, ppm)
in cooling water and total hardness (THew, mM) of CCS
cooling water to inhibit calcium carbonate formation

ment of additional CCS water, according to the
Rivne NPP design decisions, provided for a cons-
tant dosage with maintenance of a constant con-
centration in the makeup cooling water of 0.5 ppm.
Sustainable dosing of HEDP does not take into
account technological modes of operation and
quality indicators of the water-chemical mode of
CCS cooling water.

The intensity of scale formation in the cooling
water at CCS Rivne NPP is controlled by the ratio
of the difference in the evaporation coefficients ¢,
as calculated by chloride ions, and v, as calculated
by total hardness. To ensure an acceptable amount
of scale formation at CCS Rivne NPP, the diffe-
rence in evaporation coefficients ¢ and y should,
according to equation (1), not exceed 0.2 [11]:

Clew THcew Clew
— |-y —— |£0.2¢| —— |,
q{Clmcw) W(THmcwj ¢(Clmcw) M

where Clew, Clmew (THew, THmew) are the con-
tent of chloride ions (total hardness), ppm (mM)
in the cooling and the makeup cooling waters, res-
pectively.

The variable dosage of reagents is a model of
the regulation of the dosage of reagents in wa-
ter treatment processes, which provides effective
management of water quality and saves of opera-
ting costs. The basis of the variable dosing model
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Fig. 5. Average annual amount of HEDP used for the water
treatment for the CCS Rivne NPP

is the control of water quality indicators and the
regulation of the dosing of reagents depending
on the change in these parameters, which en-
sures the optimal use of reagents and reduces
their costs.

The model variable dosage HDEP for cooling
water treatment at CCS Rivne NPP is based on
the dependence of the concentration of HDEP
(HDEPcw, ppm) and the total hardness (THcw,
mM) in the cooling water (Fig. 3), the mainte-
nance of which allows inhibiting the formation of
calcium carbonate CaCO,.
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The  necessary  concentration  HDEP
(HDEPmwec, ppm) for dosing into CCS makeup
cooling water is set by the values of total hard-
ness (THew, mM) and evaporation coeflicient ¢
in CCS according to Fig. 4.

With an increase in the evaporation coeflicient ¢
in CCS, the necessary dosage of HDEP to inhibit

Table 2. Average Annual HEDP Content in CCS Makeup
Cooling Water and Styr River after Discharge
from Rivne NPP

Concentration of HEDP, ppm

Year Statistical -

parameter Makeup Water of the Styr

cooling water | River after discharge
Constant HEDP dosage

M £ SE 0.41£0.07 0.36 £ 0.04
2016 |min-max | 0.38—0.50 0.22—0.38

Cv 17.5 111

M = SE 0.42 £0.08 0.37 £0.07
2017 |min-max | 0.37—0.50 0.26—0.46

Cv 19.6 18.9

M £ SE 0.40 £0.07 0.35+0.08
2018 |min-max | 0.18—0.50 0.15—0.46

Cv 18.2 21.9

Dosage of HEDP according to the criterion of variability

M £ SE 0.19 £0.07 0.07 £0.01
2019 |min-max | 0.12—0.35 0.05—0.09

Cv 36.8 14.2

M £ SE 0.22£0.09 0.12 £0.02
2020 |min-max | 0.20—0.46 0.08—0.18

Cv 40.9 16.6

M = SE 0.23£0.11 0.13£0.02
2021 |min-max | 0.11—0.35 0.08—0.16

Cv 47.82 15.3

M £ SE 0.175+£0.07 0.10 £0.02
9022 |min-max | 0.07—-0.25 0.07—0.14

Cv 40.0 20.0

Note: * M is arithmetic mean of the results; =SE is standard
error of deviation; min, max are minimum and maximum va-

lues in the sample; Cv is the coeflicient of variation.
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the formation of CaCO, calcium carbonate de-
creases (Fig. 4), therefore, for the rational use of the
HDEP reagent, maintaining higher evaporation
coeflicients by reducing water use for blowing and
feeding the CCS is reasonable. Variable dosing of
HEDP determines technological modes of opera-
tion of CCS, given the concentration processes, in
terms of the actual evaporation coefficient ¢, and
the quality indicators of the water chemical mode
of CCS cooling water in terms of the determined
total hardness that forms the main component of
the scale, i.e. calcium ions. According to the cri-
terion of dosage variability HDEP for CCS coo-
ling water treatment Rivne NPP established that
with the overall stiffness of cooling water less than
3.5 mM dosage HDEP is not carried out (Fig. 4).

The average amount of HDEP used at con-
stant dosing (2016—2018) is 17.5 t. With variable
dosing, the average amount of HDEP is 13.05 t.
Figure 5 shows a significant variation in HDEP
dosing ranging from 5.05 t/year to 16.6 t/year.
The coefficients of variation (Cv) for the HDEP
concentration values in the CCS additional coo-
ling water during the periods of variable dosing are
significantly higher than the reduced values for
steady-state dosing (Table 2).

The concentration of HDEP in the CCS make-
up cooling water, according to the dosage varia-
bility model, can periodically be both smaller and
larger than the fixed constant values (Table 2)
and is determined by the value of the total hard-
ness of the cooling water (Figs. 3, 4). Because of
this, sometimes both increases and decreases in
HDEP costs for CCS regenerative anti-scaling
cooling water treatment can be observed. Howe-
ver, during the period of application of HEDP
variable dosing at the Rivne NPP (2019—2022),
a decrease in the average annual HEDP costs for
CCS stabilization treatment (Fig. 5) is observed
by an average of 4.5 t/year, which corresponds to
a decrease of 30% from the average of the amount
of spent HEDP, determined at constant dosage
(2016—2018). Reducing the amount of HEDP
dosed into the CCS leads to a decrease in the
operating costs, which increases the efficiency of

ISSN 2409-9066. Sci. innov. 2024. 20 (2)
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Fig. 6. Concentration of HDEP in the CCS makeup and cooling water at Rivne NPP and the
water of the Styr River after discharge of the return water at the CCS Rivne NPP

2016 2019
0.2 — Scale formation 0.2
c criteria,no more -y
v — Mean
0.1
2020 0.0 2022
Year
Year
2017 2018
2021
Constant dosage of HEDP Variable dosage of HEDP

a b

Fig. 7. Average annual levels of scale control intensity criterion (¢—w) in CCS Rivne NPP:
a — for a period of constant dosage HEDP (2016—2018); b — for the period of variable dosage
HEDP (2019—2022)

NPP operation. It also eliminates the possibility A reduction in HEDP dosing costs for clea-
of inappropriate over dosing of reagents, minimi- | ning water from the CCS scale during the pe-
zing the environmental impact of return water. riod of variable HEDP dosing led to a decrease
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Fig. 8. Visual condition of the equipment of CCS Rivne NPP: a — irrigators of cooling towers; b — internal surfaces of turbine
capacitor (2022)

in the concentration of HEDP in the makeup
cooling water at CCS Rivne NPP (Fig. 6). Du-
ring the period of stable dosing of HEDP (2016—
2018) the average concentration HEDP in CCS
makeup cooling water Rivhe NPP (M = SE) is
0.410 = 0.07 ppm in the concentration range min-
max 0.37—0.50 ppm, and for a period of variab-
le dosage (2019—2022), it further decreases to
M = SE 0.204 + 0.085 ppm in the concentration
range min—max 0.12—0.46 ppm. During the pe-
riod of variable dosage, there have been noted
the periods (2019—2022) of no dosing, according
to the criterion of variability (THcw < 3.5 mM)
dosage of HEDP to CCS cooling water.

The average levels of the difference ¢ and y in
CCS cooling water at Rivne NPP, which characte-
rize the scale formation intensity (equation 1), for
the period 2016—2022, do not exceed the stan-
dard value of 0.2 and characterize the cooling wa-
ter as not prone to scale formation (Fig. 7). The
levels of the difference ¢ and v for periods of cons-
tant and variable HEDP dosing are comparable,
and HEDP dose reduction and partial periods of

86

no HEDP dosing (at THew < 3.5 mM) into CCS
Rivne NPP cooling water did not lead to inten-
sification of scale formation processes.

The results of low scaling intensity in CCS
Rivne NPP, obtained by control results values of
scale formation criterion levels of the difference
¢ and y are confirmed by the actual satisfacto-
ry condition of the irrigators of cooling towers
(Fig. 8, @) and internal surfaces of the condensers
(Fig. 8, b), and compliance with the normative
levels of the temperature pressure consumers of
CCS Rivne NPP.

The concentration of HEDP in the surface wa-
ter of the Styr River, after the discharge of CCS
Rivne NPP return water, according to the envi-
ronmental regulations in force in Ukraine, should
not exceed the maximum permissible concentra-
tion of HDEP (0.9 ppm) [15]. The dynamics of
changes in the concentration of HDEP in the water
of the Styr River after the Rivne NPP water in-
take during the period of research indicate that the
established standard is not exceeded (Fig. 9). Du-
ring the period of stable dosing of HEDP (2016—

ISSN 2409-9066. Sci. innov. 2024. 20 (2)
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makeup cooling water at Rivne NPP and water of the Styr
River after discharge of return water at CCS Rivne NPP

2018), the average concentration of HEDP in the
surface water of the Styr River after discharge
of the return water from the CCS Rivne NPP
is M = SE 0.36 £ 0.06 ppm in the concentration
range min-max 0.15—0.46 ppm. For the period of
variable dosing (2019—2022), it further decreases
to M = SE 0.105+0.05 ppm in the concentration
range min-max 0.05—0.18 ppm (Table 2, Fig. 9).
The coefficients of variation (Cv) for the HDEP
concentration in the CCS makeup cooling water
during the variable dosing and steady-state do-
sing periods are within a comparable range (Tab-
le 2). Optimizing the use of chemicals in power
plants with effluent discharge to water bodies can
minimize the discharge of pollutants and prevent
negative environmental impacts, as shown by the
example of HDEP.

CONCLUSIONS

The regime of the anti-scale corrective treatment
of CCS cooling water with organic phosphonates,
in particular HEDP, allows an effective reduction
in the processes of scale formation in the cooling
systems of power plants. Optimizing the use of re-
agents for anti-scale corrective treatment of CCS
cooling water allows minimizing the amount of
reagent used for treatment, as well as the dis-
charge of pollutants into water bodies during
the operation of cooling systems. The criterion

ISSN 2409-9066. Sci. innov. 2024. 20 (2)

for the optimization of reagents for the anti-scale
corrective treatment of CCS cooling water is
compliance with the conditions for ensuring the
water-chemical mode based on the scale forma-
tion intensity criteria.

The use of HEDP for the anti-scale water
treatment of CCS Rivne NPP cooling water has
been optimized by the variability that is deter-
mined by the polynomial equation of the depen-
dence of the HEDP dose in the makeup cooling
water on the content of the total hardness. The
implemented HEDP reagent variable dosing
model for CCS Rivne NPP cooling water treat-
ment is determined by the actual values of the
total hardness of the cooling water and the CCS
evaporation coefficient ¢, and the HEDP do-
sing variability criterion is established, in which
no dosing is performed. For CCS Rivne NPP,
during the period of variable HEDP dosing, as
compared with fixed concentration HEDP do-
sing, there have been reported a reduction in the
amount of HEDP used for CCS treatment while
maintaining the effectiveness of the anti-scale
treatment, a reduction in HEDP concentrations
in the additional cooling water, and a minimiza-
tion of HEDP discharges into the water body
with inverse by CCS Rivne NPP waters. The
implemented HEDP reagent variable dosing
model for CCS Rivne NPP cooling water treat-
ment is determined by the actual values of the
total hardness of the CCS cooling water and the
evaporation coefficient ¢, and the HEDP dosing
variability criterion is established, in which no
dosing is performed.

The variability of HEDP dosing can have perio-
dic dose variations, as compared with dosing at a
constant concentration. In the CCS Rivne NPP,
during the period of variable dosing, there have
been reported a decrease in HEDP consumption
for CCS treatment, an average of 4.5 t/year (30%
of the total), a decrease in the concentration
of HEDP in the additional cooling water, and a
minimization of the flow of HEDP to the river
water body. The use of variable dosage of HEDP
did not affect the intensification of scale formati-
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on processes at CCS Rivne NPP. Therefore, the | ecological point of view. The research results can
use of a variable dosage of HEDP for the anti- | be applied to other CCS at power plants when
scale water corrective treatment of cooling water | implementing anti-scale treatment with organic
is expedient from a technological, economic and | phosphonates.
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OTITUMIBAILIS AHTUHAKUITHOT KOPEKIIIMHOT OBPOBKU
OPTAHIYHUM ®OCDOOHATOM

Beryn. AurtunakuiHa Kopekitiiina 06pooka (AKO) € Baxk/IMBOIO CKIAL0BOIO TIPOIIECY eKCILTyaTallii eJJeKTpoCcTaHiliil, 0co6-
JuBO y 06opotHuX cucteM oxososkertst (OCO). O6pobka 0X0N0AKYI0U0i BOAM OKCHeTHIeAeHM(DOCHOHOBOIO KHCTOTOO
(OE/1D) mupoko posnosciojpkena st AKO OCO esiekrpocTaniliif, oJiHaK, /sl JOCATHEHHS MAKCUMAJIbHOT e(heKTUBHOCTI
06po6KH, HEOOXITHO ONITUMIZyBaTH ii BUKOPHCTAHHSL.

IIpoGaemaTuka. Edexrusnicts Bukopucrants pearentis st AKO BU3HAUa€ThCs IXHBOIO 103010, YaCOM KOHTAKTY, TEM-
nepartypoio tTa pH. /losysanust OE/IMD BusHayaeTbcsi Ha eTari MPOEKTYBaHHS €JIEKTPOCTAHIIIT Ta 4acTO Peasi3y€eThes B J10-
3yBaHHI CTaJNX KOHIIEHTPAIliil, He BPaXOBYE IMOJAJBINI 3MiHI TEXHOJIOTII i TOKAa3HMUKIB SKOCTI OXOJOKYIOUOl BOJIU TP
eKCITyaTartii.

Mera. Onrumisaiiis BukopucratHs ta Minimisanist ckugy OEJID y Bozani o6’extu ipu saiiicienni AKO OCO.

Marepiam it metroau. O6’ekrom pocaimkerts € OCO PiBHeHcbkol aromHoi enextpuutoi craniii (PAEC), sacrocosato
METO/IM CTAH/IAPTHI METO/IM XiMIYHOTO KOHTPOJIIO Ta CTaTUCTUYHI METO/IH.

Pesyabratu. 3piiicHeHo aHasi3 qaHux GaraTopiyHOro KOHTPOJIIO i 3a0e3ledeHHs] BOJHO-XIMIYHOTO PesKUMY Ta CKUJIIB
OCO PAEC. STk kputepiii BapiabesbrocTi gosyBatias OED npuilHATO BMICT B 0X0JM0KY 041l BOJII 3arajibHOI JKOPCTKOCTI.
3a nepios BapiabesibHOTO JI03yBaHHS criocTepiracTbes suukenHs 30 % iz 3aranbHoi kinbkocti Burpatr OED ais 06pobku
OCO, sumxenns kounenrpaiii OEJID y nonarkosiii Bozi (3 0,410 1o 0,204 ppm) ta minimizartis norpamisinas OE/ID no
p. Ctup 3i 3Boporanmu Bogamu (3 0,36 1o 0,105 ppm) micast ckuay 3BopotHoi Boau PAEC.

BucuoBku. /[ MiHiMi3allii BUKOPUCTAHHST Ta BiAOBiAHOTO cKuy y BoaHi 06’ektr, 1ist AKO OCO PAEC BuposapkeHo
Mozesib Bapiabesbroro posysatnusas OEJID. 3a nepioa BapiabenbHoro nosysanns OED, nopisHsaHo 3 gosyBanusm OE[D
y cTasiii KOHIEHTPallii, COCTePiraeThest 3HMKeHHsI KinbkocTi Bukopucrantst OEJ[D, i3 rorpumanHsim ii eheKTUBHOCTI, 3MEH-
menHst kounentpaiiit OE/IM y nomaTkosiii Ta 38B0poTHiil oxosopkytodiit Bogi OCO rta minimizariis ckunis OEJO.

Kmouosi crosa: 060poTHa cucTeMa OXOJIOKEHHs, OKcueTuneeHaudoc(hoHoBa KUCTOTA, ONTUMIZAI[S T03YBaHHS, CKUJL
3BOPOTHUX BOJI.
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