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Abstract - Meat processing enterprises generate significant volumes of fatty wastewater with high 
fat content (600–2000 mg/L), suspended solids (600–2000 mg/L) and chemical oxygen demand 
(COD 1000–2600 mg/L). Traditional local treatment methods (grease traps, sedimentation tanks, 
flotation) do not always ensure compliance with regulatory requirements for discharge into 
municipal sewers (fats ≤ 20–100 mg/L, suspended solids ≤ 500 mg/L, COD ≤ 1000 mg/L), which 
complicates the operation of municipal treatment facilities. The paper investigates the effectiveness 
of treating such effluents by pressure filtration through elastic polyurethane foam (EPU) in 
combination with chlorine iron coagulation and sedimentation. A two-stage scheme is proposed: 
preliminary filtration through EPPU – coagulation (FeCl₃ dose 100–200 mg/L, optimally 150 mg/L) 
with polyacrylamide flocculation (3–5 mg/L) – settling for 30 minutes – repeated filtration through 
EPPU. Experiments have shown that at a filtration rate of 5–15 m/h, a bed height of 2 m and a 
density of 50 kg/m³, the fat content is reduced by 97.3–99.1%, suspended solids by 94.1–96.6%, 
COD by 52.0–74.6%. After a full treatment cycle, the wastewater parameters are as follows: fats 19 
mg/L, suspended solids 54 mg/L, COD 630 mg/L, BOD5 470 mg/L, which meets the requirements 
for discharge into the municipal sewerage system. Based on experimental design and regression 
analysis, mathematical dependencies were obtained that allow predicting the concentration of 
contaminants in treated water and the duration of the filter cycle depending on the initial 
parameters (filtration rate, concentrations of fats, suspended solids, COD). The proposed 
technology ensures high efficiency, compact equipment and the possibility of repeated use of EPPU 
after mechanical regeneration, which makes it promising for local treatment systems of meat 
processing enterprises. 
 
Keywords: Fatty wastewater, Elastic polyurethane foam, Coagulation, Filtration, Settling, Meat 
industry.

1. Introduction  
 
In the technological processes of meat-processing 
enterprises, water is used for washing products, 
equipment, and utensils; cooling apparatuses and 
machines; transporting technical raw materials; and 
preparing reagents. Up to 30–40% of the total 
wastewater volume generated by these enterprises 
is characterized by elevated contents of fats, 
suspended solids, and dissolved organic compounds. 
The concentrations of fats and suspended solids in 
wastewater from the meat industry in Ukraine and 
in developed countries typically range from 600 to 

2000 mg/L, while the chemical oxygen demand 
(COD) ranges from 1000 to 2600 mg/L [1–5]. 

According to the requirements for the 
composition of wastewater from meat-processing 
enterprises when discharged into municipal 
sewerage systems, the permissible fat content is 20–
100 mg/L, suspended solids up to 500 mg/L, and 
COD not exceeding 1000 mg/L [6–7]. It is worth 
noting that these standards have become 
increasingly stringent over time. This necessitates 
preliminary on-site treatment of technological 
effluents at enterprises to ensure compliance with 
current requirements [7]. 
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Treatment facilities operating at meat-processing 

plants-such as grease traps, sedimentation tanks, 

and flotation units – do not always provide an 

adequate level of wastewater treatment. The 

insufficient efficiency of these systems leads to 

complications during subsequent treatment at 

municipal wastewater treatment plants, since the 

substances present in effluents from meat-

processing enterprises are poorly removed by 

conventional biological oxidation processes [8]. 

The use of filtration through conventional 

granular media to improve the treatment quality of 

such wastewater has also not gained practical 

application in Ukraine or abroad, due to the lack of 

effective methods for regenerating the filter media 

[2–4]. 

A promising direction for improving wastewater 

treatment technologies for effluents with high 

contents of fats and suspended solids is the 

application of filters packed with oleophilic synthetic 

materials, such as polyurethane foam, expanded 

polystyrene, and shredded foam plastics [9].  

Studies show that elastic polyurethane foam 

effectively sorbs fats due to its porous structure, 

allowing for an 80-95% reduction in fat 

concentration at a loading density of 40-60 kg/m³, 

making it ideal for combined systems with 

coagulation [33] and making it suitable for 

integration into automated, sensor-controlled 

systems typical of mechatronic engineering 

applications.  

The use of these materials enhances the 

efficiency of pollutant retention, improves the 

operational reliability of local treatment facilities, 

and reduces the overall dimensions of treatment 

equipment at meat-processing enterprises. 

 

2. Analysis of Literature Data and 
Problem Statement 

 
Studies of the composition and characteristics of 
wastewater from meat-processing enterprises 
conducted in various countries indicate that such 
effluents belong to Hazard Class II, are characterized 
by high pollutant concentrations, and create 
favorable conditions for the development of 
microorganisms, including putrefactive and 
pathogenic species [1–4]. Therefore, on-site (local) 
treatment of such wastewater, followed by the 
utilization of the removed fats, is a necessary 
component of the wastewater disposal system [1–3, 
10–11]. 

A significant fraction of pollutants in wastewater 
from meat-processing plants is present in the form 
of stable suspensions and emulsions, which are 

difficult to separate and cannot be efficiently 
removed without the application of chemical 
(reagent) treatment. The concentration of dissolved 
organic substances typically ranges from 420 to 
1240 mg/L [7, 12–13]. 

In industrial practice, a three-stage wastewater 
treatment scheme is most commonly applied, 
comprising mechanical, physicochemical, and 
biological treatment stages [8, 10, 13]. 
The mechanical treatment block usually includes 
screens and grit chambers installed upstream of 
sedimentation tanks. The removal efficiency of fats 
and suspended solids in grit chambers is 
approximately 10–15%, whereas in sedimentation 
tanks, it reaches 30–50%. COD and BOD removal 
efficiencies remain practically unchanged, as their 
reduction primarily occurs due to the removal of 
solid particles and fats rather than dissolved organic 
matter [11]. 

Sedimentation-type grease traps are typically 
designed for a detention time of approximately 30 
minutes. The fat removal efficiency is 50–55%, of 
which about 20–25% is removed together with the 
settled sludge, while approximately 30% 
accumulates on the water surface. Subsequently, the 
recovered fat mass is either disposed of or utilized 
[10, 13]. 

In recent years, several effective methods and 
technological solutions have been developed for on-
site wastewater treatment from meat-processing 
enterprises, specifically to remove protein 
compounds, fats, and other suspended solids. In 
particular, the feasibility and effectiveness of 
flotation methods for treating industrial effluents 
from the meat industry have been investigated [3, 
14]. The positive results of these studies provided 
the basis for the development and implementation of 
various flotation-based wastewater treatment 
systems. 

Treatment units for fat-containing wastewater 
that combine flotation and oxidation processes have 
been developed. Currently, several types of flotation 
systems are used in the practice of meat-processing 
enterprises, including impeller flotation [11], 
dissolved air flotation (DAF) [14], and 
electroflotation [3, 15]. There are also reports on the 
application of foam separation for removing 
impurities from wastewater [3]. 

The application of impeller and dissolved air 
flotation without prior coagulation makes it possible 
to achieve fat removal efficiencies of 40–60%, 
suspended solids removal of 40–50%, and COD 
reduction of 30–35% [14]. Experimental studies on 
the electroflotation treatment of fat-containing 
wastewater, as well as investigations into 
electroflotocoagulation processes, have contributed 
to the development of units designed for the 
preliminary treatment of effluents from meat-
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processing plants before discharge into municipal 
sewerage systems [15]. 

The electroflotation method has proven to be 
fairly effective; however, even after its application, a 
significant amount of contaminants remains in the 
treated water, including fats at 100–300 mg/L, 
suspended solids at 200–400 mg/L, and COD values 
in the range of 700–1000 mg/L [3]. Design-related 
drawbacks of electroflotators currently limit the 
wider adoption of electroflotation technology. An 
analysis of wastewater treatment results from meat-
processing plants using various flotation methods 
(without coagulation) has shown that all of them 
provide approximately the same efficiency—about 
50–60% in terms of fat and suspended solids 
removal [3, 11, 14–15]. 

Recent studies confirm that the combination of 
filtration through EPPU with coagulation allows for 
up to 98% fat removal efficiency at a filtration rate of 
5–10 m/h, with an emphasis on optimising loading 
density to reduce head loss [34]. Such systems lend 
themselves well to mechatronic enhancements, 
including automated flow regulation, real-time 
turbidity/pressure monitoring, and adaptive 
coagulant dosing based on sensor feedback. 

An analysis of patent sources and scientific and 
technical literature indicates that, both in Ukraine 
and abroad, the application of coagulation-based 
treatment methods is advisable for the advanced 
(deep) treatment of wastewater from meat-
processing enterprises [16–19]. Inorganic salts, such 
as iron and calcium chlorides [18], iron and 
aluminum sulfates [17], as well as various organic 
and inorganic coagulants, are typically used [19]. In 
addition, the use of surfactants is recommended to 
enhance process efficiency [16]. 

Research has shown that the use of salts of 
polyvalent metals, particularly ferric chloride, as 
reagents in the coagulation process ensures not only 
high treatment efficiency but also enables the 
recovery and reuse of valuable raw-material 
components contained in wastewater [17–18]. When 
flotation is combined with coagulation for the 
treatment of fat-containing effluents, a high degree 
of purification is achieved: 93–98% for fats, 85–96% 
for suspended solids, and 50–86% for COD [14, 18]. 

Thus, summarizing the available data, it can be 
concluded that physicochemical treatment methods 
provide substantial removal efficiencies for the main 
indicators: fat reduction of 50–84%, suspended 
solids reduction of 50–70%, and COD and BOD 
reduction of 50–60%. In some cases, even higher 
treatment efficiencies are achieved, with fat removal 
of up to 98%, suspended solids removal of up to 
95%, and COD reduction of up to 86% [16–18]. 

According to literature data, after sedimentation, 
the concentration of fats in wastewater ranges from 
100 to 500 mg/L, while suspended solids reach up to 

900–1000 mg/L. COD and BOD values are in the 
range of 1000–1300 mg/L [20–23]. The highest 
treatment efficiencies are achieved at biological 
treatment and advanced polishing facilities, where 
fat removal reaches 99–100%, suspended solids 
removal 95–98.2%, and total biochemical oxygen 
demand (BODₜₒₜ) is reduced by 97–99.5% [20–22]. 
At the same time, studies confirm the effectiveness of 
combining biological treatment methods with 
membrane technologies [23]. 

An analysis of existing data on the efficiency of fat 
and suspended solids removal from fat-containing 
wastewater using conventional methods 
(sedimentation, flotation, biological, and chemical 
treatment) shows that none of these methods alone 
ensures full compliance with the requirements for 
wastewater discharged into municipal sewerage 
systems. In addition, on-site treatment facilities 
require substantial land areas, high reagent 
consumption, and significant energy inputs. 

In this regard, further research on the use of 
elastic polyurethane foam (EPUF) in combination 
with other physicochemical wastewater treatment 
methods at local treatment facilities of meat-
processing enterprises is considered highly relevant, 
with the aim of subsequent discharge into municipal 
sewerage systems. The application of the proposed 
treatment schemes should ensure high efficiency and 
compactness of treatment systems while 
simultaneously reducing energy and resource 
consumption. 

The aim of this study is to develop a scientifically 
substantiated wastewater treatment scheme for the 
meat-processing industry and to determine the 
governing patterns and design parameters of the 
treatment process for fat-containing wastewater 
using filtration through elastic polyurethane foam 
(EPUF) in combination with coagulation and 
sedimentation. To achieve this aim, the authors 
addressed the following objectives: identification of 
the key parameters influencing the filtration process, 
assessment of their mutual interactions, selection of 
the coagulant type and dosage, and derivation of 
design relationships suitable for engineering 
calculations under real industrial operating and 
design conditions. 

 

3. Research Methodology 
 
As demonstrated by the results of experimental 
studies presented in our previous works [24–27], 
filtration of fat-containing wastewater through 
elastic polyurethane foam enables a significant 
reduction in the content of fats and suspended solids 
present in a coarse-dispersed state. In this case, the 
COD of the wastewater is reduced by more than 
twofold; however, it remains at a relatively high 
level, mainly due to organic components of blood. 
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Protein components of blood are present in the 
wastewater in a colloidal state. The particles of the 
dispersed phase of colloidal systems are electrically 
charged and surrounded by a hydration shell (i.e., 
they exhibit hydrophilic properties) and therefore 
cannot be removed by filtration through 
polyurethane foam. To remove these components 
together with emulsified fats, coagulation is applied. 

According to literature data [14, 15], inorganic 
salts of polyvalent metals can be used for the 
chemical treatment of wastewater from meat-
processing plants. Iron, aluminum, calcium, and 
magnesium salts are used as coagulants, as well as 
surfactants-catapin and catamine-which are salts of 
quaternary substituted ammonium and pyridinium 
compounds. Cationic surfactants are capable of 
changing the sign of negatively charged clay 
particles. It was assumed that, in our case, the 
positively charged catamine (or catapin) ion is 
capable of neutralizing the negative charge of 
emulsified fat particles and thus creating favorable 
conditions for emulsion breakdown. 

As for polyvalent cations of inorganic salts, in 
water, they undergo hydrolysis, forming hydroxides 
with a highly branched floc structure capable of 
adsorbing colloidal and emulsified impurities from 
wastewater. Metal hydroxide micelles are positively 
charged, which promotes the destabilization of fat 
emulsions and enhances their coalescence and 
sorption onto metal hydroxide flocs. An analysis of 
domestic, foreign, and our own research results 
shows that ferric chloride is among the most 
effective coagulants for impurities in wastewater 
from the meat industry [11, 13–15, 17]. It is known 
[17] that proteins have a stabilizing effect on 
hydrophobic colloids formed during the hydrolysis 
of metal salts. In this regard, to enhance the 
coagulating effect and reduce the required coagulant 
dose, preliminary treatment of wastewater may be 
applied [28–29], including heating to a specific 
temperature; chlorination or treatment with other 
forms of “active” chlorine; and adjustment of pH to a 
specific value by acidification with diluted acid. 

Experimental results showed that the 
temperature range for protein denaturation and 
coagulation in the investigated wastewater is 75–80 
°C. When sodium hypochlorite is used as a source of 
active chlorine, the reagent dose required for 
destabilization of protein colloids is 20–25 mg/L, 
with a treatment (mixing) time of 0.5 h. The 
consumption of sulfuric acid (calculated as 98%) for 
destabilization of the colloidal system is 0.02 mL per 
1L of wastewater. In this case, the pH of the 
wastewater decreased to 6.7, which corresponds to 
the isoelectric point and the point of zero charge of 
the colloidal solution of the hemoglobin protein [17], 
a component of blood.  

 

As a result of preliminary treatment of the 

wastewater by one of the above methods, COD 

decreased by only 10–20%. 

After destabilizing the protein colloids using one 

of the above methods, the wastewater was treated 

with ferric chloride. According to [13–15, 17], the 

consumption of coagulants (ferric chloride or 

aluminum sulfate) in the chemical treatment of fat-

containing wastewater depends on the wastewater 

composition. It averages 100 mg (calculated as an 

anhydrous salt) per 1000 mg of pollutants 

determined by COD (at pH = 7). If the pH of the 

wastewater is below or above 7, the coagulant dose 

should be adjusted accordingly at a rate of 50 mg of 

reagent per unit change in pH. Considering that the 

COD of the investigated wastewater, which primarily 

determines coagulant consumption, varied over a 

wide range, jar tests were conducted across a broad 

COD interval. 

Based on the jar test results, the ferric chloride 

dose for treating wastewater from the meat industry 

may range from 100 to 200 mg/L. For average 

wastewater or wastewater preliminarily treated by 

filtration through polyurethane foam media, a dose 

of 150 mg/L is recommended. The stability of the 

treatment effect for wastewater containing 

emulsified fats is observed when coagulation with 

ferric chloride is combined with flocculation using 

polyacrylamide (PAM). PAM promotes floc 

enlargement, with an optimal dose of 3–5 mg/L. The 

working concentration of the coagulant solution is 

selected depending on the type of dosing equipment 

and typically ranges from 5 to 10%. PAM is applied 

as a 1% solution. The flocculant is introduced into 

the treated water after coagulation, with an interval 

of up to 7 minutes [30]. 

Analyzing the presented data, it can be noted that 

the use of polyacrylamide (PAM), heating, 

chlorination, and pH adjustment has only a minor 

effect on improving treatment efficiency. These 

measures are mainly applied when it is necessary to 

stabilize the coagulation process, which can be 

identified during commissioning and start-up of 

treatment facilities. Subsequently, studies on the 

treatment of wastewater from the meat-processing 

industry were conducted using the following 

scheme: filtration through elastic polyurethane foam 

(EPUF), coagulation with sedimentation, and 

repeated filtration through EPUF. 

Coagulated impurities were removed from the 

wastewater by sedimentation (fig.1). 
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Figure 1: Two-stage technological scheme for treating 

fatty wastewater from the meat industry 
 

As established, the central mass of coagulant flocs, 
together with the impurities adsorbed on them, 
settles within 10–15 minutes, while the remaining 
fraction settles after an additional 25–30 minutes. 
Based on this, two methods for separating impurities 
from water were investigated. The first involved 
sedimentation of reagent-treated water for 60–90 
minutes (the time required for complete removal of 
flocs). The second involved passing the wastewater, 
after short-term sedimentation (20–30 minutes), 
during which the largest flocs fully settled, through a 
filtration column packed with polyurethane foam 
media. 

The filtration time until regeneration of the EPUF 
packing was 16 hours for the first-stage filters and 
18 hours for the second-stage filters (after 
coagulation and 30-minute sedimentation). The 
results of the studies conducted at a filtration rate of 
5 m/h, a filter bed height of 2 m, and a packing 
density of 50 kg/m³ are presented in Table 1. 
 

Table 1. Comparative characteristics of wastewater quality before and after treatment 

Indicator 
Raw 

water 

After 
treatment 
in EPPU 

After filtration, coagulation 
and 1.5-hour sedimentation 

(Option I) 

After filtration, coagulation, 
0.5-hour sedimentation and 
repeated filtration through 

EPPU (Option II) 

рН 7,4 7,4 6,7 6,7 
COD, mg/L 2100 1560 790 630 

BODₜₒₜ, mg/L 1500 1040 560 470 
Content, mg/L:     

fats and oils 1400 118 57 19 
suspended solids 1600 290 101 54 

 
As shown in the table, the wastewater treatment 
option based on the “filtration–coagulation–
filtration” scheme yields higher performance. In this 
case, each of the wastewater pretreatment methods 
is effective and can be equally applied under 
practical conditions. About reagents, under 
industrial conditions, it is advisable to use technical 
ferric chloride with a concentration of 30 or 40% in 
accordance with TU 2152-004-00750907-2015 as 
the coagulant, and an aqueous sodium hypochlorite 
solution (“bleach”) containing up to 75% active 
chlorine. All working solutions were prepared at a 
concentration of 10%. 

Thus, the developed wastewater treatment 
schemefiltration through EPUF, coagulation with 30-
minute sedimentation, and repeated filtration 
through EPUF – enables the achievement of effluent 
quality that meets the requirements for discharge 
into a municipal sewerage system. The raw 
wastewater had the following characteristics: pH = 
7.4; COD = 2100 mg/L; total BOD = 1500 mg/L; fat 
content = 1400 mg/L; and suspended solids = 1600 
mg/L. After treatment by EPUF filtration, the pH 

remained unchanged, while the other parameters 
decreased to the following values: COD = 1560 mg/L; 
total BOD = 1040 mg/L; fats = 118 mg/L; and 
suspended solids = 290 mg/L. 

After filtration, coagulation, and 1.5 hours of 
sedimentation, the treated wastewater exhibited a 
decrease in pH from 7.4 to 6.7; COD was 790 mg/L; 
total BOD was 560 mg/L; fat content was 57 mg/L; 
and suspended solids were 101 mg/L. Following 
EPUF filtration, coagulation, 30-minute 
sedimentation, and repeated filtration through EPUF, 
the treated water exhibited the following 
characteristics: pH = 6.7, COD = 630 mg/L, total BOD 
= 470 mg/L, fat content = 19 mg/L, and suspended 
solids = 54 mg/L. At the same time, the total nitrogen 
concentration decreased from 15–186 to 14–47 
mg/L, and phosphorus from 12–59 to 3–9 mg/L. 
Thus, the quality of the treated water meets the 
requirements for discharge into a municipal 
sewerage system. 

Additionally, the impact of initial pollutant 
concentrations on the increase in head loss within 
the filter bed, treatment efficiency, and filtration 
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duration was examined. A study examining the 
impact of fat and suspended solids concentrations in 
the influent water – typical of wastewater from the 
meat-processing industry – on treatment efficiency 
and head loss increase at filtration rates of 5–15 m/h 
yielded the following results. 

With increasing suspended solids content in the 
influent water, the rate of head loss increase rose, 
leading to a reduction in filtration duration.  

An analysis of head loss dynamics revealed that 
at a filtration rate of 5 m/h and a packing density of 
50 kg/m³, the head loss increased by 0.3-1.0 m/h  at  

influent fat and suspended solids concentrations 
ranging from 600 to 2000 mg/L. At a filtration rate 
of 15 m/h, packing density of 50 kg/m³, and a filter 
bed height of 2 m, the head loss increase ranged 
from 0.5 to 1.6 m/h. The pressure loss by the end of 
the filtration cycle reached 9.5 m, which is consistent 
with the results of our previous studies [24].  

The results of investigations into the influence of 
fat and suspended solids concentrations on 
treatment efficiency and filtration duration using the 
“filtration–coagulation–filtration” scheme are 
presented in Table 2. 

 
Table 2. Results of research on the treatment of wastewater containing fats from the meat industry 

Test 
No. 

Filtration 
rate (Vf), 

m/h 

Impurity concentration in treated 
water, mg/L 

Impurity concentration after 
treatment, mg/L Filtration 

duration (Tf), 
h fats(Сf) 

suspended 
solids (Сs.s) 

COD(СCOD) fats (Сf) 
suspende
d solids 

(Сs.s) 

COD (СCOD-

after treatment) 

1 5 600 2000 2600 14 68 690 18 
2 5 2000 600 2600 17 23 660 19 
3 15 600 600 2600 14 27 780 21 
4 15 2000 2000 2600 40 118 895 7 
5 5 600 600 1000 9 14 305 36 
6 5 2000 2000 1000 29 80 440 11 
7 15 600 2000 1000 16 94 410 9 
8 15 2000 600 1000 19 34 480 10 

 
From the presented data obtained under the 

established boundary conditions (Table 2), it can be 
seen that the removal efficiency for fats ranges from 
97.3–99.1%, for suspended solids from 94.1–96.6%, 
and for COD from 52.0–74.6%. An increase in the 
filtration rate (Vf) led to a deterioration in the 
quality of the filtered water and, consequently, to a 
reduction in the filtration duration or filtration cycle 
(Tf). 

The planning and processing of experimental 
results were carried out using standard 
methodologies based on the least squares method 
[31–32]. Based on the experimental data and 
calculation results, the homogeneity of variances 
was verified using Cochran’s test, the reproducibility 
variance was determined, the regression equation 
coefficients were obtained, the adequacy of the 
equations was assessed, and statistically 
insignificant coefficients were eliminated. 

Additional experiments with EPP filters 

demonstrate that optimising the loading layer height 

(1.5-2.5 m) and filtration rate can increase the cycle 

time by 20-30%, with COD removal efficiency of up 

to 80% in combination with coagulation [35]. 

The significant input experimental parameters 
are [24, 26]: 

• Filtration rate, Vf, m/h (X₁). Variation range: 5–
15 m/h (average value: 10 m/h); 

• Fat concentration in influent water, Cf, mg/L 
(X₂). Variation range: 600–2000 mg/L (average 
value: 1300 mg/L); 

• Suspended solids concentration in influent 
water, Css, mg/L (X₃). Variation range: 600–2000 
mg/L (average value: 1300 mg/L); 

• COD value of influent water, CCOD, mg/L (X₄). 
Variation range: 1000–2600 mg/L (average value: 
1800 mg/L). 

According to the number of selected factors, the 
corresponding regression equation has the following 
form [31–32]: 
 

                           (1) 
 

where bj are the estimated regression coefficients;  
xi  are factors;  
Y is the response function. 
The coefficient b₀ is the arithmetic mean value of 

the response (intercept);  b1, b2, b3, b4, haracterize 
the relative significance of each term (linear terms); 
b12, b13, b23 evaluate the mutual influence of each pair 
of factors (two-factor interaction). The factors xᵢ are 
defined as the ratio of the difference between the 
input value (Xj) and the average value (X0j) of the 
corresponding parameter (Х1…Х4) to the variation 
intervalXj: 
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                                                     (2) 
 
The response functions were defined as the fat 

content in the treated water, Сf(after tr.), suspended 
solids concentration, Сs.s.(after tr.), COD, СCOD(after tr.) and 
filtration duration (Tf) (Table 3).  

 
Table 3. Numerical values of regression coefficients 

in response functions after treatment 
Estimated 
regression 
coefficients 

Response function 

Сf 
 

Сs.s. 

 
СCOD Тf 

b0 19,75 57,25 582,5 16,375 

b1 2,5 11,0 58,75 –4,625 

b2 6,5 6,5 36,25 –4,625 

b3 5,0 32,75 26,25 –5,125 

b4 1,5 1,75 173,75 –0,125 

b12 0,75 1,25 10,0 1,375 

b13 0,75 5,0 –15,0 1,375 

b23 3,25 2,5 22,5 2,375 

 
The absolute values of the obtained coefficients 

indicate the degree of influence of each factor on the 
output parameters of the process. 

It was established that the concentrations of fats 
and suspended solids in the treated water are mainly 
affected by their initial concentrations. The only 
controllable parameter, the filtration rate, has a 
relatively moderate effect on the concentrations of 
fats and suspended solids, whereas the influence of 
Vf on the COD value at the outlet is significantly 
greater The filtration duration is influenced by all 
four factors: the filtration rate and the 
concentrations of fats and suspended solids have the 
strongest effect, while the COD value of the influent 
water has a lesser impact. 

The above data (dependencies (1) and (2), Table 
3), after generalization and transformation, made it 
possible to obtain final relationships for practical 
calculations under real operating conditions: 

 

     (3) 

    (4) 
    

   (5) 
        

       (6) 
 
The obtained results (dependencies (3–6)) make 

it possible, under the accepted boundary conditions, 
to determine the required filtration cycle duration 
and the levels of contaminant concentrations in the 
treated water. The significance of the coefficients 
was determined by constructing confidence 
intervals. 

 

4. Conclusions  
 
As a result of generalizing the experience in treating 
wastewater from the meat-processing industry and 
conducting a comprehensive set of experimental 
studies [24–27], the authors proposed and 
scientifically substantiated a scheme for local 
treatment of such effluents. 

The scheme provides for preliminary filtration of 
wastewater using pressure filters filled with elastic 
polyurethane foam, coagulation with ferric chloride 
at a dose of 100–200 mg/L, treatment with sodium 
hypochlorite, 30-minute sedimentation, and 
secondary filtration through EPPU filters. 

The boundary conditions adopted in the 
experiments correspond to real operational data of 
existing treatment facilities for fat-containing 
wastewater, namely: initial concentrations of 
suspended solids and fats of 600–2000 mg/L, and 
COD of 1000–2600 mg/L. 

The main influencing factors (influent water 
quality and filtration rate) were identified, and their 
mutual interactions were evaluated. A statistical–
probabilistic mathematical model was developed to 
determine the key parameters of the wastewater 
treatment process by filtration through EPPU. 
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Based on the experimental data, regression 
equations in coded and real variables (3–6) were 
obtained, allowing the determination of the 
technological parameters of wastewater treatment.  

Implementation of the wastewater treatment 
scheme proposed by the authors for the meat-
processing industry will ensure a reliable and 
sufficient treatment efficiency for the discharge of 
treated wastewater into the municipal sewerage 
system. 

The proposed technology not only achieves high 
treatment efficiency and compactness but also offers 
strong potential for mechatronic implementation. By 
integrating sensors, controllers, and actuators, the 
system can achieve automated adaptive control – for 
example, dynamically adjusting filtration rate or 
coagulant dose in response to real-time influent 
quality variations. This mechatronic approach 
enhances reliability, reduces operational costs, and 
supports sustainable wastewater management in the 
meat-processing sector. 
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