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Abstract

Color is one of the fundamental indicators of natural water quality, reflecting the presence of organic matter, colloidal systems, and other
dissolved or suspended impurities. High color intensity not only deteriorates the organoleptic properties of water but also indicates
the presence of humic substances capable of forming toxic compounds during disinfection. Therefore, the development of effective methods
for decolorizing natural waters remains a relevant task in modern water treatment. This study investigates the process of natural water
decolorization using the method of optimal experimental design. Mathematical modeling and statistical analysis were applied to develop
predictive models describing the efficiency of water decolorization by coagulation with preliminary ozonation. The approach enables
the evaluation of complex interrelations among technological parameters and the identification of optimal operating conditions. The article
details the criteria for selecting factors and response functions, as well as the procedure for conducting experimental studies. The study
defines criteria for selecting an experimental design that minimizes the number of trials while maintaining statistical reliability. Based
on a three-factor rotatable design, second-order regression equations were obtained, representing experimental-statistical models of water
decolorization for technical water supply purposes. A statistical analysis of the adequacy of the developed models was carried out,
demonstrating their high predictive capability. The developed models make it possible to forecast the efficiency of the decolorization process
and optimize the technological parameters of water treatment to achieve maximum effect with minimal reagent costs.
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UCCNEAOBAHUE NPOLIECCA OBECLIBEYUBAHUA NPUPOAHBLIX BOA C MPUMEHEHUEM METOJA ONTUMAIIBHOIO
NNAHUPOBAHUA SKCMEPUMEHTA

C. B. Auppetok, I'. A. BonkoBa, E. C. AHgpetok

Pedepar

LiBeTHOCTb SIBNSIETCS OAHMM U3 KITO4EBbIX NOKa3aTernell ka4yecTBa NPUPOAHbIX BOA, CBUAETENLCTBYIOLLMM O HANM4NM OPraHHECKUX BELLIECTB, KOMMOUAHBIX
CUCTEM W ApYruX 3arpssHenuit. Bbicokas LIBETHOCTb HE TOMbKO YXYALIAET OpraHoNenTiyeckme CBOMCTBA BOAbI, HO 1 YKa3bIBAET HA MPUCYTCTBME TYMUHOBbIX
BELLIECTB, CMOCOBHbIX 0Bpa3oBLIBATb TOKCUYHbIE COBAMHEHNS Npu 0Be33apaxviBaHun. B cBsan ¢ aTum paspaboTka addekTmBHbIX METOA0B 0BecLiBE MBaHNS
MpVPOaHbIX BOA OCTAeTCs akTyanbHOW 3afaveil COBPEMEHHO! BOMOMOLrOTOBKW. B cTathe paccmatpuBaeTcsi MpUMEHeHWe METOO0B MaTemaTuyeckoro
MOAENVMPOBaHNS W OMTUMANBHOTO MNaHMPOBaHWS 3KCEPUMEHTA Ans MCCredoBaHMS Mmpolecca obecuBeuvBaHNs MPUPOAHbIX Bof. Ha ocHose aHanwsa
COBpeMeHHbIX MyBrnkaLyin v BOCTVKEHWIA B JaHHON 0BNAacTV MokasaHo, YTO MCTOMNb30BaHNE MaTeMaTUHECKOI TeOpUM NO3BONSET CO3AaBATL TOYHbIE MOAENM
MPOLIECCOB  BOLOMOAFOTOBKY, Y4MTHIBAKOLME BMSHME MHOXECTBA Omnpemdensiowyx aktopoB. B kayecTBe MpaKTMYECKOrO MpuMepa PacCMOTPEHO
MNaHMpoBaHNe MHOrO(AKTOPHOrO 3KCMEpUMEHTA Ha MpuMepe KOMOWHWPOBAHHOTO MeToda ODecLBeYMBaHWUA MOBEPXHOCTHBIX BOA KOArynpoBaHWeM
C npeABapuTenbHLEIM 030HMpOBaHWeM. B paboTe nmpeacTaBneHbl ycnosus Bbibopa METOAMKA MNaHMPOBaHMS, NO3BOMSIOLLME OMTVMM3MPOBATL KOMMYECTBO
HeobX0AMMBIX OMbITOB MpK CoxpaHeHun TpeByeMoi TOYHOCTM nccriedoBaHui. B cTaTbe nofpo6HO onucaHb! kputepun oTbopa hakTopoB 1 (yHKLMK OTKIMKA,
aTakKe MmpoLenypa npoBedeHWs JKCTepUMEHTanbHbIX MCCeaoBaHMA. B nccredoBaHv onpedeneHsl Kputepun Bblbopa CXeMbl 3KCMIEpUMEHTa, KoTopas
MUHIMM3MPYET KOMUYECTBO WCTBITAHUA MPU COXPAHEHWM CTaTUCTUHECKOM HafeHOCTU. 10 pesynbTaram npoBedeHust TPEX(haKTOPHOTO poToTabenbHoro
9KCTIEPVMEHTA MOITyYeHbl YPaBHEHUS PErPECCUN BTOPOTO NOpsaKa, KOTOpble MPeACTaBnsioT COBON 3KCMEePUMEHTANBHO-CTAaTUCTYECKVE MOLENN NPOLIECCOB
MOATOTOBKM BOAbI A5 TEXHNYECKOro BofocHabweHus:. [poBefeH CTaTUCTUYECKUI aHanN3 aaekBaTHOCTU pa3paboTaHHbIX MOfeneil, MoKasaBLLMIA UX BbICOKYIO
MPOTHOCTMYECKYI0 CMOCOBHOCTb. PaspaboTaHHble Mopenu no3BonsioT MporHo3MpoBaTh AtheKTMBHOCTL npoLecca obecLBeuMBaHMs 1 ONTUMKU3MPOBATL
TEXHOMOrMYeckvie NapameTpbl BOSOMOLATOTOBKY ANS JOCTVKEHNS MaKCUMAanbHOMO thdekTa Npy MUHMMANbHBIX 3aTpaTax peareHToB.

KntoueBble cnosa: 06eCLlBe‘-IMBaHI/19 BOA, onTumarnbHOe nnaHMpoBaHME 3SKCMEepPUMEHTa, KoarynnmpoBaHWe, LBETHOCTb, MOBEPXHOCTb OTKIMKA,
onTMMM3aLna npoLeccoB BOAONOATOTOBKN.

Introduction

Solving most problems in chemistry and chemical engineering relat-
ed to the treatment of natural waters traditionally requires extensive and
resource-intensive experimental research. In this context, methods of
optimal experimental design are of particular importance, as they allow
the mathematical framework to be applied not only during the processing
of experimental data but also at the stage of experiment planning and
organization [1]. Mathematical modeling has become an essential com-
ponent of modern environmental research. The environment, represented

by both natural and anthropogenic systems, is a complex set of material
objects, processes, and interactions between them [2—4]. Traditional
methods of water decolorization include coagulation, adsorption, mem-
brane technologies, and chemical oxidation. Along with conventional
coagulation-flocculation techniques employed at municipal water treat-
ment plants (using aluminum and iron salts), oxidizing and sorption meth-
ods have been gaining wider application [5, 6]. The efficiency of each
process is determined by numerous factors, including the coagulant dose,
pH, alkalinity, temperature, and contact time. The empirical determination
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of optimal operating conditions requires considerable time and material
resources. Modern approaches based on the study of the mechanisms of
complex physicochemical processes and the optimization of multicompo-
nent systems make it possible to construct adequate models of water
treatment technologies that take into account the combined influence of
multiple variables [7, 8].

The objective of the present study was to investigate the main influ-
encing factors and modeling conditions of the surface-water treatment
process, as well as to develop experimental-statistical models capable of
predicting the removal efficiency of pollutants responsible for color for-
mation. The process under investigation involved the decolorization of
surface water by coagulation preceded by ozonation.

Analysis of the Principles and Practical Implementation
of Optimal Experimental Design in Water Treatment Modeling

Optimal experimental design is a branch of mathematical statistics
aimed at maximizing the information gained from experiments while min-
imizing the number of trials required. The most widely used designs in
water treatment research include:

- d-optimal designs, which minimize the variance of regression coef-
ficients estimates in the model, an especially valuable feature when only
a limited number of runs is feasible;

- i-optimal (integrated optimal) designs, which minimize the average
variance of prediction throughout the experimental domain, making them
particularly suitable for process optimization tasks;

- Response Surface Methodology (RSM), which provides a frame-
work for constructing mathematical models that relate input factors to
output responses and for determining optimal process conditions.

Multifactorial experimental design is extensively used in scientific and
engineering studies as an effective tool for planning and analyzing exper-
imental data [9-11]. The design procedure determines the required num-
ber of experiments and the conditions under which they must be carried
out in order to achieve the desired accuracy and reliability of results.
Variables that influence the studied process are referred to as factors.
In relation to water purification processes, such factors typically include
the coagulant or flocculant dosage, duration of the treatment stage, filtra-
tion rate, temperature, and other parameters. A key requirement for each
factor is its controllability - the ability to maintain the prescribed level
during the experiment. Additional criteria for selecting factors include their
mutual independence, unambiguous influence on the response variable,
and physical relevance to the studied process.

The efficiency of the technological process is assessed using one or
more quantities called response functions. The effectiveness of a techno-
logical process is assessed using one or several quantities referred to as
response functions. In water treatment, typical response functions include
the degree Optimal experimental design methods make it possible to
develop reliable mathematical representations of technological processes
even when the underlying mechanisms are not fully known. Mathematical
models obtained in this way are commonly referred to as experimental-
statistical models.

Such models are often expressed in polynomial form:
Y =f (X1, X2, X3, ... Xn), where Y is the response function (quantitatively
describing process efficiency) and X1, X2, Xs ... are the independent fac-
tors (process variables). The advantage of this mathematical repre-
sentation lies in its ability to describe the influence of individual fac-
tors on the response function, to quantify the response under specific
combinations of factor levels, and serve as a basis for process opti-
mization and simulation [12].

A review of existing research on optimal experimental design in water
treatment demonstrates its major advantages and outlines promising
directions for further study. For example, the application of filtration pro-
cess modeling has been used for optimizing existing treatment facilities
and for evaluating the performance of local filtration materials, coagu-
lants, and flocculants under surface water conditions [13]. Other studies
have successfully applied mathematical modeling for the removal of iron
compounds [14], and for multicomponent ion exchange processes on
mixed cation exchangers (H*, Na*) [15, 16]. The analysis confirms the
high effectiveness of optimal experimental design methods for investigat-
ing and optimizing natural water decolorization processes. In particular,
the response surface methodology (RSM) was employed to remove color
and turbidity from surface waters and to reduce chemical oxygen demand

(COD) using a combined coagulant based on flaxseed and aluminum-
potassium alum [17]. Inthose experiments, the coagulant dose (1,5~
2,5 g/dm?), pH (3,5-7,0), and mixing time (38-40 minutes) were varied.
Optimization yielded a chromaticity removal efficiency of 97,75 % at
pH 7,0, a coagulant dose of 2,5 g/dm?, and a mixing time of 40 minutes.

Multifactorial Process of Decolorization of Natural Surface Waters

Surface water sources possess several advantages for use in tech-
nical water supply systems, primarily due to their relatively low minerali-
zation and minimal hardness compared to groundwater. However, their
effective utilization in industrial processes requires the development of
optimal pretreatment methods aimed at removing organic impurities re-
sponsible for color formation. Among reagent-based treatment tech-
niques, coagulation occupies a central position and remains one of the
most widely applied methods in water treatment practice. The efficiency
of coagulation during the treatment of highly colored but low-turbidity
waters largely depends on the colloidal nature of the organic compounds
present, which are predominantly of humic origin. These compounds,
exhibiting weakly acidic properties, form stable, highly dispersed systems
characterized by a negative surface charge. It should be noted that the
decolorization process is strongly influenced by the qualitative composi-
tion of the organic matter. The presence of humic acids promotes higher
removal efficiency, while the dominance of fulvic acids requires substan-
tially greater reagent doses and complicates the overall technological
process. A promising approach for enhancing coagulation efficiency in-
volves the application of pre-oxidation methods [18]. The introduction of
oxidizing agents facilitates destabilization of colloidal systems by destroy-
ing the hydration shells surrounding organic particles, thereby increasing
the efficiency of subsequent coagulation. In addition, preliminary oxida-
tion — particularly chlorination and ozonation — provides simultaneous
removal of iron and manganese compounds, which are frequently present
in surface waters. Contemporary studies confirm that combined treatment
using oxidants followed by coagulation significantly improves color re-
moval efficiency [19]. In this regard, the experimental investigation of
optimal parameters for the combined application of oxidants and coagu-
lants represents considerable practical interest for improving water treat-
ment technologies intended for technical water supply systems.

The object of the present research was the Mukhovets River, a rep-
resentative surface water body in the south-western region of Belarus.
The study focused on evaluating the influence of ozone dose, coagulant
dose, and flocculant dose on the removal efficiency of organic com-
pounds determining the color and oxidizability of the water. The investiga-
tion employed a rotatable central composite experimental design, the
main characteristics of which are presented in [7, 19].

The process of developing the mathematical model included the
following stages: experimental design planning; execution of labora-
tory and field experiments on the selected water source; verification
of experimental reproducibility; derivation of a mathematical model of
the process with statistical testing of the regression coefficients for
significance; evaluation of model adequacy using statistical criteria.
To determine the optimal operating region, an exploratory experiment
was first conducted, followed by a rotatable second-order design, in
which the selected factors were varied at five levels. Reproducibility
of the results was assessed using the Cochran criterion, the signifi-
cance of the regression coefficients was determined by the Student’s
test, and the adequacy of the mathematical model was verified using
the Fisher criterion at a 5 % significance level.

Investigation and optimization of the technological regime
of surface water bleaching by coagulation with pre-ozonation

Preliminary experiments demonstrated that the introduction of ozone
prior to coagulation increases the overall decolorization efficiency by
an average of 10-15 %. The experimental work on water decolorization
was conducted using surface water from the Mukhovets River, whose
quality characteristics are representative of surface water bodies in the
southern regions of the Republic of Belarus.

For the reagent treatment, analytically pure aluminum sulfate
(Al(SQO4)3-H,0) was used as the coagulant, while polyacrylamide (PAA)
served as the flocculant. The initial color value of the raw water was
55 degrees, which was taken as the baseline quality indicator [20].
The effectiveness of color removal was evaluated based on the results of

4

Civil and Environmental Engineering
https://doi.org/10.36773/1818-1112-2025-138-3-3-8



Vestnik of Brest State Technical University. 2025. No. 3 (138)

spectrophotometric measurements, which allowed quantification of the
reduction in apparent color after treatment. The obtained data served as
the basis for subsequent mathematical modeling and optimization of
process parameters.

Design and Conduct of the Experiment at the Research Facility
and Construction of the CCRD Matrix

To determine the optimal operating region, a preliminary exper-
imental search was performed, followed by the implementation
of a rotatable second-order central composite design (CCRD) with-
in the identified range of factor variability. In this design, the factors

were varied at five levels corresponding to the coded variable val-
ues +1; -1; +1,68; —1,68 and 0, ensuring statistical rotatability and
efficient estimation of quadratic effects.

Based on prior information, it was established that the residual color
of treated water, which represents the efficiency of the decolorization
process is primarily influenced by three key factors:

— the mass concentration of the coagulant, mg/dm?;

— the mass concentration of the flocculant, mg/dm3;

— the mass concentration of ozone, mg/dm?.

Accordingly, the mathematical description of the process was ex-
pressed in the form of a second-order regression equation

Y= bo + blle + bz'Xz + b3'X3 + blZIXIIXZ + b13'X1'X3+

where bo, b1, bz, bs, b1z, b3, bzs, b123,b11, b2z, bazare the regression coef-
ficients, and

X1, X, X5 are the coded variables associated with their respective
physical quantities (x1, x,, x3) through the following transformations

X1~ Xo1 X2—Xo2 X3—Xo3
X, =2 X, = P Xy =
1 Ax, y» A2 Ax, y A3 Axs )

(2)
where
X1 — coordinates of the center point of the experimental design;

+ bys Xy X3 + bigs Xy Xo Xz + by X2+ byy - X2 + by - X3, (1)
Table 3 - Variance Estimates for the Regression Coefficients
S, = 0,038 S 4= 0499
st = 0,014 s t= 0,302
5; = 0,020 5;, 1= 0,361
5t = 0,013 st 0,291

Ax - the variation interval for each factor;
Y - the response function, representing the measured residual color
of the treated water.

Calculation of Regression Coefficients and Corresponding Vari-
ance Estimates

Table 4 presents the verification of the significance of the regression
coefficients according to Student's t-test.

Table 4 - Verification of Regression Coefficient Significance

Within the framgwork of It.he rotatable pentral comppsite dgsign |b0|= 425 > 0,499 Significant
(CCRD), the regression coefficients and their corresponding variance
estimates were calculated to determine their statistical significance [1, 2]. [b,| = 3,24 > 0,302 Significant
g::ilgn1cg;e;ae:tt: |;heC ,cgs(rja;t'ensncs of the CCRD and the values of the |b2| = 047 > 0,302 Significant
|by| = 1,74 > 0,302 Significant
- szle f1f— Ct)haracteristics of the CCRD and Design Cons;ants ‘bn‘ - 0,52 N 0.361 Significant
umber of factors n
Total number of experiments N 20 o = 057 > 0,361 Significant
Number of central point experiments No 6 lbys| = 0,57 > 0,361 Significant
Constant B 0,8571429 b,,|= 3,22 > 0,291 Significant
Constant C 1,4285714 ‘bzz‘ = 0,33 > 0,291 Significant
Constant A 04537037 Ibss| = 112 > 0,291 Significant
Based on the results of the experimental studies, the summations |bm| = 0,03 < 0,361 Not significant

and regression coefficients were calculated, as summarized in Table 2.

Table 2 - Summation Values and Calculated Regression Coeffi-
cients

Summation Term Regression Coefficient
So 15040 | Sa3 | 4,80 bo 425 | bs | 0,57
S 4542 | S11 152,86 | bs =324 | b1 3,22
S2 6,55 S 104,32 | b2 0,47 b22 0,33
Ss -24,38 | Sz 117,58 | b3 -1,74 | bas 1,12
S12 4,40 Sz | 140 b1z 0,52 bi2s | 0,03
Siz | 4,80 b13 -0,57

In accordance with the principles of rotatable experimental design,
a coefficient bi is considered statistically significant if its calculated value

satisfies the condition: |b,| >sbt, where t is the critical value of Stu-

dent's t-test [1, 2]. If this condition is not met, the coefficient is regarded
as insignificant, and the corresponding term may be excluded from the
regression model. Table 3 summarizes the variance estimates for deter-
mining the significance of the regression coefficients.

Verification of Variance Homogeneity (Reproducibility of
Experiments)

To verify the reproducibility of the experimental results, the Cochran crite-
rion ( G b
to the sum of all variances within a series of parallel experiments. For each
series of parallel runs, the arithmetic mean value of the response function was
calculated, followed by the variance estimate for that series.

The hypothesis of variance homogeneity is not rejected if the experi-
mentally determined value of the Cochran criterion does not exceed its
tabulated value [9]. The corresponding tabulated values of the Cochran
criterion were adopted for a confidence probability of P = 0,95, under which
the reproducibility hypothesis is considered valid. The quantity (o= 1-P)
represents the significance level. To determine the value of G , it is neces-
sary to know the total number of variance estimates (N) and the degrees of
freedom (f) associated with each of them, where f = k-1, and k is the num-
ber of factors considered. Table 5 presents the experimental response

function values (yf ) and the corresponding variance estimates (s,j2 ) for

) was used, which is defined as the ratio of the maximum variance

reproducibility testing at the central points of the experimental plan.
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Table 5 — Estimation of the variance of reproducibility of experiments This variance value was determined with the number of degrees of
in the center of the plan freedom corresponding to f =N, —1=6—-1=5.
Center-point experiments Variance Estimate
Experiment | Y] (yl3 - y) (yf _ 7)2 st Verification of the Adequacy of the Regression Equation
No.j After qbtammg thg regression equatlon,llt is necessary to verify its
o adequacy, i.e., its ability to accurately describe the response surface of
_ maxs? | the studied process. The adequacy of the regression model was verified
15 3,00 0.72 0.51 0,257 | using the Fisher criterion (F-test).
16 4,00 0,28 0,08 0,040
17 3,50 022 0,05 0,023 Tab!e 6 - Vqriance Estimates for Determining the Adequacy of the
Regression Equation
18 4,20 048 0.23 0.117 Experimental Calculated o op s 2
19 3,60 0,12 0,01 0,007 Response y° Response v;=y)) | O05-¥))
20 4,00 0,28 0,08 0,040
N 4,30 3,79 0,51 0,264
ZSf 9,80 9,56 0,24 0,060
>6 22,30 0,00 0,97 0,484 | i 3.00 205 005 0003
The average value of the response function was calculated according 6,80 643 0,37 0,138
to the expression 10,70 10,37 0,33 0,109
-1 14,50 13,85 0,65 0419
=— 22 3=3,72.
y N, ; ® 12,30 11,62 0,68 0,457
where y; — experimental response function values; |- experiment num- 13,00 12,82 0.18 0,032
ber; No — number of experiments at the center of the design. 8,30 7,89 0,41 0,168
The calculated value of the Kohren criterion G, was determined by 19,50 18,79 0,71 0,504
the formula 6,00 5,97 0,03 0,001
maxs 0,257
= —0,530. @) 4,60 4,40 0,20 0,041
Z 0 484 4,50 4,49 0,01 0,000
! 10,80 10,34 0,46 0,212
The correspondmg tabulated value of the Cochran criterion was tak- 3,00 4,25 -1,25 1,554
en from [9] for the following parameters: P = 0,95 N = 6; _
f=k-1=3-1=2, where kis the number of selected factors. Thus, the 4,00 4.25 0.25 0,061
tabulated value is: G t = 0,616. 3,50 4,25 0,75 0,557
The condition G, <G is fulflled: 0,530 < 0,616, therefore, the ex- 4,20 4,25 0,05 0,002
periments can be considered reproducible. 3,60 4,25 0,65 0418
The variance estimate for a series of parallel experiments sy2 was 4,00 4,25 -0,25 0,061
calculated using the following formula 5,060
1 A - 1
2 3 2
Sy = N 1 ¢ yy—y)r= 61 -0,97=0194. (%) The adequacy variance s2; was determined using the following ex-
0 =t pression
N
Z - yj (NU - 1)
= i=1 :5,060—0,194.(6—1) 0,818, )
f 5
The number of degrees of freedom associated with this adequacy
variance estimate was defined as
n+2)-(n+1 3+2)-(3+1
faa:N_%_(No_1):20_¢_(6_1)=5: (7)
where n is the number of factors.. o . According to reference [9], the corresponding tabulated value of the
The calculated value of the Fisher criterion was obtained as Fisher criterion is: F=25,05. Since the condition Fp <F s satisfied
2 2
_ max(sad,sy) _ 0,818 —4.216 (8) (4,216<5,05), the obtained regression equation is considered adequate
P min(s3 s?) Coe d provides a reliable description of the response surface.
mm(saa,sy) 0,194 andpl p p
Y =4,25-3,24X,+0,47X, 174X, +0,52X, X, - 0,67 X, X, —0,57 X, X, + 3,22X12 + 0,33X22 +1,12X32. 9)
To convert the regression equation from coded variables to physical X3 = ﬁ =919 _92 g-2.
its, the followi lationshi Eq. (2 lied: 5
units, ¢ ‘i?,ﬁ%[ﬂgfka_“é’(? s_lps (based ?n G- (2) were applied Substltutlng these expressions into the final regression equation
Xy = Ax, 10 01k —2; yields the model in physical terms
Xzzmzf;lzzf—z‘ C=f(k’f’g):
Ax, 0,5
6 Civil and Environmental Engineering
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C = 29,50 - 1,6k —1,5f —0,788g + 0,104kf —0,0114kg — 0,228fg +0,0322k +1,32f* +0,0448¢°, (10)

where C - color intensity of water (color units), grad;
k — coagulant dose D;, (mg/dm?);
f-flocculant dose Dy (mg/dm?);
g - ozone dose D,, (mg/dm?).

Using this equation (10), it is possible to predict the performance effi-
ciency of the water decolorization system for any given operational re-
gime of coagulation treatment with preliminary ozonation. Figure 1 shows
a graph of the residual color of water corresponding to the obtained mod-
el, depending on the ozone dose at different coagulant doses.

© Graph of changes in the residual color of water
2180
5 16,0
5140 =0,0448x2 - 1,073% + 17,117
; 12,0 \L’\m_’/l 3
>10.0 === coagulant dose 10mg/dm
g 8,0 coagulant dose 30mg/dm?
£ 6,0
s 40 y = 004482 - 1,301 + 12,438
3 20 RE=z
0,0 T T T 1
0 5 10 15 20
ozone dose (mg/dm?)

Figure 1 - Influence of ozone dose on the water decolorization process at different coagulant doses (flocculant dose = 0,75 mg/dm®)

Analysis of the regression model (Eq. 10) based on the determination
of the extremum condition C =f(k,f,g) — min with respect to the in-

fluencing factors Dy, Dy, and D,,, showed that the minimum residual
color of treated water is achieved under the following optimal conditions:
coagulant dose — 26,12 mg/dm?, flocculant dose - 0,75 mg/dm?, ozone
dose - 14 mg/dm?.

Mathematical processing of the experimental results indicates that all
three investigated factors significantly influence the efficiency of water
decolorization. However, their impact strength decreases in the following
order: coagulant dose > ozone dose > flocculant dose.

Conclusions

Based on the conducted experimental studies simulating the natural
water treatment process, the main influencing factors determining the
efficiency of removing color-causing impurities from surface waters for
technical water supply purposes were identified and analyzed. Using the
method of optimal experimental design, an experimental-statistical model
of the decolorization process by coagulation with preliminary ozonation
was developed. The obtained regression equation describes the com-
bined influence of ozone, coagulant, and flocculant doses on the residual
color of treated water. The model enabled the determination of optimal
process parameters at which the maximum decolorization efficiency is
achieved under the given conditions.
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