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Abstract. This article is devoted to the problem of using 
microwave radiation as a potentially effective method of 
cleaning wastewater from organic compounds. The problem of 
cleaning wastewater from organic contaminants in the food 
industry requires highly effective methods since protein 
compounds in wastewater can cause environmental hazards 
and complicate the cleaning process. The purpose of the work 
was to investigate the effectiveness of using microwave 
radiation to purify wastewater from organic compounds, 
particularly protein impurities, and to establish the possibilities 
of this method for improving the process of water purification 
in the food industry. The article mainly examines the use of 
microwave radiation for this purpose and analyses its effect on 
proteins usually present in wastewater from the food industry. 
Experimental studies have shown the possibility of adequate 
wastewater treatment using microwave radiation. The 
advantages of using microwave heating, as well as its speed 
and regulation accuracy, are analysed, making this method 
attractive for use in wastewater treatment and other industrial 
production processes. The study includes an analysis of 
microwave radiation's effect on proteins commonly present in 
wastewater from the food industry. The research methodology 
involves modelling the composition of wastewater and using a 
microwave oven to process protein solutions. The results of the 
experiments demonstrate the possibility of adequate 
wastewater treatment using microwave radiation, which opens 
up prospects for further use of this method in industry and 
environmental protection. The results indicate the success of 
using microwave radiation to purify wastewater from organic 
compounds, notably protein pollution.  
 
Keywords: wastewater, food industry, denaturation, 
microwave radiation, heat exchange, mathematical model. 

1. Introduction 
 

Pollution of wastewater with organic com-
pounds is a serious problem affecting water resources' 
quality and the environment. Organic compounds in 
wastewater may include fatty acids, carbohydrates, 
proteins, amino acids, phenols, and various chemical 
compounds originating from industrial processes, 
agro-industrial complexes, domestic use, and other 
sources (Barham et al., 2020). Organic pollutants in 
wastewater can severely impact aquatic ecosystems 
and human health. For example, some organic com-
pounds can be toxic to aquatic organisms, causing 
their death or affecting their development and repro-
duction. Some organic pollutants can accumulate in 
aquatic organisms, which can cause problems in 
aquatic ecosystems. Also, organic compounds can 
cause water pollution, leading to a decrease in 
drinking water quality and limiting its use for other 
purposes, such as agriculture or industrial processes 
(Chen et al., 2014). Therefore, the problem of waste-
water pollution with organic compounds requires 
attention and the development of effective cleaning 
methods that would ensure the preservation of the 
quality of water resources and the protection of 
human health and the environment. One of the 
methods of combating the problem of wastewater 
contamination with organic compounds is the use of 
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microwave radiation. This method uses electromag-
netic waves with a wavelength ranging from 1 mm to 
1 m. These waves can penetrate deep into the liquid 
and pollutants distributed in wastewater and interact 
with molecules of organic compounds ( Korablev et 
al., 2021). 

Microwave radiation can break down organic 
contaminants into simpler compounds by heating the 
liquid and causing chemical reactions. This process 
can reduce the organic substances in wastewater to 
safe discharge levels (Kovacova et al ., 2009). 

The advantages of using microwave radiation 
are: 

1. High efficiency: Microwave waves can 
penetrate deep into liquids and decompose organic 
contaminants, even those in complex structures. 

2. The speed of the process: The reactions of 
the decomposition of organic pollutants occur quickly 
enough to allow for the effective purification of 
wastewater in a short period of time. 

3. Environmental safety: Microwave radiation 
does not require the use of chemical reagents, which 
avoids the generation of hazardous waste. 

In general, using microwave radiation to purify 
wastewater from organic compounds opens a promi-
sing path to creating effective and environmentally 
safe technologies for the purification of water 
resources (Lai & Lai, 2006). 

 
2. Experimental part 

 
A series of experiments to study the denatu-

ration processes of protein solutions, which model 
wastewater from food industry enterprises were 
carried out (Sabadash, 2023). In these experiments we 
used a microwave oven with a frequency of 2450 Hz 
for microwave radiation. These studies aimed to 
determine the possibility of using microwave radia-
tion to effectively decompose protein contaminants in 
wastewater and subsequent purification (Sabadash, 
Lysko, 2023). As part of the experiment, protein solu-
tions similar in composition and characteristics to 
pollutants found in wastewater from food processing 
enterprises were exposed to microwave radiation for 
different time intervals (Sabadash, Gumnytsky, 2018). 
During the experiment, samples were collected and 
analysed regularly to monitor the changes in the 
structure and properties of the protein under the 
influence of microwaves. 

 
3. Results and Discussion 

 
The process of heating the model solution in 

the laboratory setup is non-stationary, which means 

that the heating conditions constantly change during 
the heating process. In this experiment, a glass 
container made of quartz glass, which transmits 
electromagnetic radiation and is a nonpolar dielectric, 
is used for heating (Wong, 2006). During heating, the 
container contacts the environment through convec-
tive and radiative heat exchange, especially given that 
the environment has a lower temperature. It is also 
essential to consider that the thermophysical and 
optical characteristics of materials such as quartz 
glass change with temperature. The effect of micro-
wave radiation on the object under study leads to the 
release of heat, which is evenly distributed in the 
volume of the solution. This means that as a result of 
heating with the help of microwave radiation, the 
entire solution was heated uniformly, which is 
essential for obtaining uniform research results. 

First, we will turn to the study of the rela-
tionship between the intensity of the electromagnetic 
field generated in the resonator microwave chamber 
and the power of the microwave generator. For this, 
we will use the well-known equations of electro-
dynamics (Sabadash, Gumnytsky, 2018). 

Specific power Π (W/m2) is the amount of 
energy carried by an electromagnetic wave through a 
unit area in an arbitrary environment. The equation 
determines it: Π = ,                             (1) 

where Π	is the specific power  (W/m2 );  = √ 	is 

the frequency of the wave in hertz ( Hz ); c is the 
speed of light in the environment, (m/s); 0 = 8.85 × 
×10-12 F/m – dielectric constant;  – relative dielec-
tric constant of the medium; E is the intensity of the 
electric field. 

In the free space of the microwave chamber, 
the electromagnetic wave moves at the speed of light 
in the medium and for air, as for vacuum. 

In the free working space of the microwave 
chamber, the electromagnetic wave moves at the 
same speed as light in a vacuum. For air, similar to 
vacuum, the value of dielectric constant (ε) and 
magnetic permeability (μ) is equal to unity. 

With the optimal load of the resonator 
microwave chamber, the specific power can be 
determined using the equation: Π = ,                                    (2) 

where P is the power of the microwave generator in 
watts (W), and S is the surface area of the product in 
square meters (m²). 
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Equating the right-hand sides of expressions 
(1) and (2), we obtain the final formula for deter-
mining the intensity of the electromagnetic field E 0 

under the experimental conditions: = 	,                              (3) 

where E 0 is the intensity of the electromagnetic field 
on the product’s surface. where ω is the power 
(W/m³); E – electric field strength in the product in 
volts per meter (V/m). 

Next, it is necessary to determine the intensity 
of the electromagnetic field, which occurs directly in 
the product. This tension differs from the tension 
observed at the “product-working volume of the 
microwave chamber” boundary due to the dependen-
ce of the electromagnetic wave's propagation speed 
on the medium's dielectric characteristics. With the 
optimal load of the microwave resonator, all the 
energy of the electromagnetic wave is absorbed by 
the product; that is, the specific power P of the elect-
romagnetic wave does not change at the “product-
microwave camera” interface. 

According to equation (1), we get: =  ,                           (4) 

where E i0 is the intensity of the electromagnetic field 
penetrating the product;  is the frequency (Hz);  is 
the relative dielectric constant of the medium. 

Taking into account equation (3) and =	= , we get: 	 = √  .                           (5) 

Since the experiment used a container made of 
quartz glass, which has a much lower dielectric 
constant than aqueous solutions, the heating of the 
container can be ignored. Next, you need to consider 
the effect of the absorption of electromagnetic energy 
in the product from the surface to its centre; in other 
words, you need to calculate the power density of 
internal heat sources. To do this, we recorded the 
power balance for an arbitrary inner product layer of 
volume dV with surface plane SV. According to 
equations (1) and (4) we get: = − Π,                        (6) 

where  is the internal thermal power in watts per 
cubic meter (W/m³); dV is the volume, m3; Π is the 
differential of the specific power  (W/m 2 ); SV  – 
surface m2. 

Since the experiment used a container made of 
quartz glass, which has a much lower dielectric 

constant than aqueous solutions, we can neglect the 
heating of the container itself. Consider the effect of 
the absorption of electromagnetic energy by the 
product from the surface to its centre. This means we 
have to calculate the power density of the internal 
heat sources. We record the power balance for an 
arbitrary inner product layer of volume dV with 
surface plane SV to do this. 

Based on equations (1) and (4), we obtain: = − Π.                          (7) 

As a result of integration (6), we obtain:     = −     Π,                      (8) 

 = − = −   .                        

Given formula (4) and the fact that = √ , 

where l is the linear size, m, and δ is the thickness of 
the material layer, we get the formula (9): 2 ∙ ∙ ∙ ∙ ∙ = − ∙ ∙ √ ;  (9) = 2 ⋅ tg	 , 
where l is the linear size, m; tg	  is the loss angle 
tangent.  

We will calculate the temperature distribution 
in the object under study. Based on formula (9), we 
obtain the following differential equation: = − = − ,                   (10) 

where r is the distance from the surface to the inner 
layer of the product along the regular dV. 

The solution of this differential equation under 
the boundary condition has the form: = .                           (11) 

This equation will allow us to obtain the distri-
bution of the intensity of the internal electromagnetic 
field relative to the distance from the surface to the 
inner layer of the product. 

By substituting equation (11) into (7) taking 

into account	 = ⋅ 	 ; we obtain the calculation 

formula for the investigated solution. = ⋅ ⋅ ⋅ ⋅ ⋅ tg	 ⋅  .         (12) 

Based on equations (7) and (5), we determine 
the average value of the specific power of internal 
heat sources by integration: ′ = ⋅ ⋅ ⋅ ⋅ tg	 ⋅   ⋅  ,     (13) 

where ′ is the awerage internal heatl power.  
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The heating power of a body of arbitrary shape 
at a moment of time is determined by the formula: = ⋅ ⋅ −  ,                   (14) 

where 	is the mass of the object to be heated, in 
kilograms; and  is the initial and final 
temperatures of the object under study in Celsius 
degrees;  is the heat capacity of the material in 
J/(kg* К);  is the time in seconds. 

Let’s rewrite equation (12) in the following in 
the form of: = ) 1− ,             (15) 

where =  is the ratio of the volume of the product 

to its surface area in meters. 
The temperature of the subject-object arbitrary 

forms at the moment τ after heating in microwave 
ovens poly can be calculated sleepy equation (16):  = − , 

= − −  or 

= − ∙
 .              (16) 

To compare theoretical data with experimental 
ones, we conducted a study that changed the tempe-
rature of the researched object. Analysis comparison 
of theoretical and experimental data (Fig. 1) allows 
the conclusion that the proposed model can accurately 
determine thermophysical parameters process to 
temperatures up to 100 °С. 

 

Fig . 1. Kinetics of heating protein solutions  
in the microwave field, – theoretical data;  

▲ – experimental data 

To study the impact of microwave protein irra-
diation and purification pollution, several experiments 
were conducted on wastewater. The model solution 
was responsible for the composition of food waste-
water production, which contained albumins and ca-
seins, which are typical protein pollution. The research 
included an analysis of process denaturation solutions 
proteins that simulated the composition of the food 
wastewater industry in conditions in a microwave 
furnace with a frequency of 2450 Hz. The research 
was directed to study the effect of microwave radia-
tion on the structure of proteins and their degrada-
bility during cleaning wastewater. These experiments 
have essential value for the development of new 
methods of cleaning wastewater, as they allow fin-
ding out the efficiency and possible consequences of 
using microwave radiation in the process of cleaning 
the water environment. Fig. 1 shows the change in 
temperature solutions for squirrels under the influence 
of microwave radiation (MHF) over time. 

The schedule shows how the temperature chan-
ges from the initial moment to a certain one at a later 
time under the influence of microwaves. It allows us 
to watch the dynamics of thermal influence on 
solutions when microwaves are processed to achieve 
a certain temperature point. Analysis of such graphs 
allows for the evaluation of the efficiency and 
parameters of processing solutions protein by the 
microwave method (Sabadash & Gumnytsky, 2018). 

One of the key advantages of using microwave 
radiation is its high efficiency in removing organic 
compounds from wastewater. This method allows the 
breakdown and deactivation of organic pollutants, 
ensuring water purity without significant losses and is 
safe for the environment. Microwave radiation can be 
more energy efficient than other traditional cleaning 
methods. This is especially important in the context 
of the ever-increasing energy costs and the need to 
reduce environmental impact. Wide range of applica-
tions: Microwave method treatment can be success-
fully used to treat wastewater from various types of 
organic compounds, including food waste, organic 
pollution production origin and others. To maximise 
the potential microwave wastewater treatment me-
thod, it is necessary to continue scientific research 
and develop appropriate technologies. This includes 
improving processes, developing new materials and 
equipment, and searching for optimal application 
conditions. When using any cleaning method, it is 
important to consider its impact on the environment 
and human health. Therefore, it is necessary to carry 
out appropriate risk assessments and ensure relevant 
standards and norms are implemented. Therefore, 
using microwave radiation for wastewater treatment 
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from organic compounds can be an important step 
towards creating more efficient, environmentally 
friendly and sustainable water treatment systems. 
However, the success of this approach will depend on 
further research, technological development and 
implementation. 

 
4. Conclusions 

 
The study showed that using microwave radia-

tion is an effective method of cleaning wastewater 
from organic compounds. This approach ensures a 
high degree of purification and reduces the content of 
impurities in the water. Introducing the microwave 
treatment method can be economically beneficial for 
enterprises, as it reduces the costs of wastewater 
treatment and reduces the negative impact on the 
environment. Despite the successes achieved in this 
study, there is a need for further scientific research 
and technology development to optimise the cleaning 
process and increase its efficiency. The introduction 
of new wastewater treatment technologies is an 
important step towards the preservation of natural 
resources and the preservation of the environment for 
future generations. The results indicate the possibility 
of effective use of microwave radiation for denaturing 
protein impurities in wastewater. It was found that 
under the influence of microwave radiation, rapid and 
effective decomposition of protein structures occurs, 
leading to a decrease in their water concentration and 
facilitating their further removal. These results open 
perspectives for the use of microwave radiation as an 
effective method of cleaning wastewater from bio-
logical contaminants in industrial conditions, contri-
buting to the reduction of the negative impact of the 
food industry on the environment. Therefore, using 
microwave radiation for wastewater treatment can 
become a promising development direction in water 
treatment and environmental protection. 
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