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Abstract
Every year the ecological situation in the world is getting worse. Modern enterprises in their daily activities should 
provide not only high-quality and safe products, but also strive to improve environmental performance. The meat 
industry occupies a leading position in terms of the level of environmental pollution in the food industry. The main 
indicators of the meat chain have an impact on environmental aspects, the production process, the heat treatment of the 
product has the highest indicators from the slaughter of the animal to the transportation of the finished product. This 
article looks into possible ways to reduce emission into the atmosphere during the meat processing as smoking and 
evaluates the effectiveness of possible ways to reduce emission into the atmosphere, highlighting the most effective 
ways to achieve an environmentally friendly balance. During this research it was revealed that a more optimal and 
cost-effective method to achieve the desired result is the installation of CAB (Catalytic afterburner).
Key words: environment, ecological aspect, meat industry, impact, environmental situation.

Introduction
The environmental situation in the world is getting 

worse every year, and it is also gaining momentum 
in attracting the attention of government agencies 
and prompting adjustments to tighten tax rates on 
emission into the atmosphere in order to encourage 
manufacturers to take measures and introduce 
practices, as well as to look for methods to reduce 
emission. This is due to the fact that the ecological 
situation in the world is deteriorating and growing 
exponentially every year, which incredibly affects the 
climate, human health and, in general, the comfortable 
existence of human civilization (Djekic et al., 2016). 
Modern enterprises in their daily activities should 
provide not only high-quality and safe products, but 
also strive to improve environmental performance 
(Lazarus, McDermid, & Jackuet, 2021). ‘Industrial 
Ecology’ is a term whose main goal is to create a 
balance between enterprises and the environment, 
that is, to minimize its negative impact (Hyland et al., 
2017). During the heat treatment processes, carbon 
dioxide emission is released into the atmosphere, 
as a result of which the biosphere is damaged and 
subsequently a greenhouse effect occurs. Such damage 
provokes global warming of the planet (Kuzlyakina, 
Yurchak, & Baskhamdgieva, 2019). According to the 
(FAO, 2019) Food and Agriculture Organization, the 
meat industry occupies a leading position in terms of 
environmental pollution in the food industry.

The meat and dairy industry accounts for 14.5% 
of global greenhouse gases (Gerber et al., 2013). This 
type of production contributes to global warming by 
generating substances that destroy the ozone layer, 
and is also distinguished by its high consumption of 
water and energy, which provokes increased waste and 
wastewater discharge (Zhernosek & Strukova, 2021). 

The production of the meat chain at each stage 
has an impact on environmental aspects − transport, 

storage, slaughter, deboning, production and sale. 
Of all these processes, the most important are the 
indicators of slaughter and the production process, the 
heat treatment of the product (Kuzlyakina, Yurchak, 
& Baskhamdgieva, 2019). During the production of 
meat products, the frequent technological operation is 
the smoking process, as a result of which the product 
acquires a presentable appearance, a specific aroma 
and antiseptic properties of smoky smoke, which 
increases the safety of the product during storage 
(Alimov, Lykasova, & Mizhevikin, 2020). The 
consumption of smoked meat products is high (Kim et 
al., 2021). Manufacturers are experimenting by trying 
to give products more and more different and richer 
flavours using different types of wood and smoking 
technologies (Nazarov & Majorov, 2020). In the smoke 
formed during the pyrolysis of wood, more than 200 
different groups of chemical compounds were found 
in the composition, as well as solid, gaseous smoke 
particles that passing the product chamber through the 
chimney and enter the atmosphere in such a way that 
the surrounding environment is cut off (Valdovska, 
Miculis, & Plotina, 2010). There are a number of 
methods of air purification from carbon dioxide, the 
main of which can be divided according to the phase 
principle into ‘gas − solid’ and ‘gas − liquid’ (Bhuyan 
et al., 2018). 

The purpose of the present review is to study 
certain techniques with the ability to simultaneously 
reduce the impact on the environment into the 
atmosphere during the heat treatment of meat 
products during smoking and increase the efficiency 
of technological and economic processes. Also, its 
purpose is to determine the most effective method as 
well as to consider possible ways of smoke filtration 
during meat smoking in terms of efficiency and 
economy, in order to determine the most profitable 
method. 
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Materials and Methods
The monographic method was used to summarise 

and analyse the latest information and research 
articles dedicated to possible emission reduction into 
the atmosphere during the heat treatment of meat 
products during smoking. Information published from 
2005 till 2022 in total 37 full text research articles, 
books and databases were analysed and summarised. 
For statistical analysis FAO databases were used. 
To select and analyse full text research articles and 
books Scopus, Web of Science, ScienceDirect and 
ResearchGate research databases were used. To 
find relevant information, previously mentioned 
constituents and processing technologies as keywords 
in research databases were used.

Results and Discussion
Catalytic afterburner (CAB)

The method of catalysing smoky smoke using a 
catalyst system (СAB) (Figure 1), which provides the 
ability to preserve the taste, colour, smell that natural 
smoke creates for the product while being able to 
control and minimize emission of harmful substances 
(Swaney-Stueve et al., 2019). The smoke catalysis 
system combines heat treatment and a catalyst with 
which it safely removes harmful substances from 
the smoke (Sullivan, Kafka, & Ferrari, 2012). The 
operation of the system is based on the afterburning 
of smoky smoke, when leaving the chamber with a 
temperature of 500 to 800 °C, then passes through 
the catalyst, causing a chemical reaction − which 
eliminates harmful emission leaving water and CO2 
(Emis, 2020a). The system can be installed to any 
camera, it runs on gas as well as electricity (Hevia, 
Ordonez, & Diez, 2005).

This system is already used in the world for more 
complex solutions in such campaigns as the production 
of synthetic fibres, metallurgy, fuel production, to 
reduce emission of organic compounds into the 
atmosphere, allows achieving efficiency results of up 
to 99% (Dopshak, 2009). 

The system has great advantages due to its simple 
design and low metal consumption, as well as its 
competitiveness in investment and operating costs.

Figure 1. Catalytic afterburner (CAB)
(Image created by the author after Emis, 2020a).

Scrubber 
Scrubber is industrial equipment that is used 

to clean emission from dust and gases based on 
wet filtration. The equipment is a column (Figure 
2) in which the main retention or neutralization of 
impurities is carried out using water or an absorbent. 
The gas mixture enters the equipment, where it is 
directed in the right direction with the help of fans, a 
liquid reagent is supplied from the sprayers installed 
at the top, thus neutralizing and separating dust and 
gases. After turbulent mixing, the medium enters the 
lower part of the scrubber and then into the drain pipe 
(Pronin et al., 2015). The principle of operation of this 
system is always the same, the gas comes into contact 
with the medium (water, reagent), which is sent out 
using nozzles.  

Figure 2. Scrubber scheme (Image created by the 
author after Pronin et al., 2015); 1 – corps; 2 – filling 

from porous material; 3 – liquid reagent atomizer;  
4 − support grid; 5 − collection of liquid reagents.

This equipment has long been known in Europe. 
The purpose of using this equipment may differ 
depending on the specifics and specifics of production 
(Samokhvalov & Zykova, 2019).

Companies that process meat waste into offal use 
this equipment to reduce volatile organic compounds 
(VOC) as well as odours, and also use it to reduce 
solid gas fractions, dust. This system, depending on 
the composition of the gas, can reduce it to 100%, 
more complex ones from 20 to 64% (Kastner & Das, 
2011). Also, studies from Nordström show that large 
particles from gas vapor can be separated by 60-70% 
using a scrubber (Gerber et al., 2013). The system is 
characterized by high mobility of the pile structure, 
limitations of possible leaks, as well as its unique 
ability to filter gaseous impurities and mechanical 
fractions. Among the disadvantages, we can note the 
high need for a stable installation of electrical energy 
saving (Wang et al., 2020). 
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Bio bed
The system is based on filtration (Figure 3) of 

the gas stream using biological purification. The gas 
stream passes through biological material (peat, trees), 
which creates a thin water film with microorganisms 
(Omri et al., 2013). Fillers such as wood chips, 
sawdust, shavings and others are also added to the 
biofilter to increase porosity (Maia et al., 2012). Due 
to this, substances in the gas stream are absorbed in 
the filtering material and further decomposed with the 
help of microorganisms that have settled in the filter 
material, which also serves as a supplier of essential 
nutrients for microorganisms (Affek et al., 2021). The 
advantages of decomposition in the filtration process 
are − sulphates, carbon dioxide and others. The filter 
material is periodically moistened with the help of air 
flow treatment, for the functionality and maintenance 
of the vital activity of microorganisms (Emis, 2020c).

The material contains a sufficient number of 
different bacteria in order for harmful substances to 
decompose during filtration, but also in the case of 
more complex substances, it is possible to add special 
cultures to the filter, and also to increase the efficiency 
and speed of the system, it is necessary to nutrients, 
oxygen level, pH, moisture content of the filter material 
(Tiwari et al., 2019). For the formation and existence 
of various bacterial cultures, several layers of filter 
media are usually used, and the second layer serves 
as an additional barrier for gases with more complex 
decomposability. The filter material needs to be serviced 
periodically from 1 to 5 years. The term of the use of the 
material depends on the composition of the emission as 
well as the out of the filler itself (Emis, 2020c).

The efficiency of the biofiltration system also 
depends on the composition of the gas; the purification 
of impurities varies from 30 to 100% (Melse & Hol, 
2017; Tiwari et al., 2019). This system is used in 
the production of gelatine to remove odours with an 
efficiency of 70-93%, in the processing of chocolate to 
remove odours with an efficiency of 99%, in the food 
industry with an efficiency of about 93% (Nesaratnam 
et al., 2014).

The energy consumption of the biofilter itself 
is small. The energy consumption is determined 
primarily by the ventilators which compensate for the 
pressure reduction (Emis, 2020c).

Figure 3. Bio bed filter (Image created by the author 
after Emis, 2020c).

Thermal afterburner (TAB)
The smoke flow with a certain amount of air 

is brought to high temperatures of 750 to 1200 °C. 
Gases are kept at a similar temperature for a long 
time, as a result of which substances are oxidized 
with oxygen and destroyed. The chamber is also 
equipped with automatic removal of combustion ash 
(Bujak, Sitarz, & Pasela, 2021). The efficiency of this 
system (Figure 4) depends on the afterburning time, 
temperature, oxygen and turbulence. For simpler 
organic compounds, a temperature of 750 to 1000 °C 
is sufficient, but for toxic compounds affecting the 
environment, it is necessary to provide a temperature 
of 1000 to 1200 °C for the destruction of compounds 
(Brinkmann et al., 2016).

With the correct implementation of the system for 
the specifics of production, setting the time and their 
circulation, the system can achieve 99% efficiency, 
depending on the composition of gas mixtures (Bujak, 
Sitarz, & Pasela, 2021). Such systems (Figure 4) are 
considered one of the eco-friendly methods of air 
purification, which provides high rates of various 
types of pollution of gaseous to solid particles in 
comparison with scrubbers and biofilters and other 
systems, but the disadvantage is the high cost of 
energy spent in maintaining a given temperature with 
fuel costs (Emis, 2020b).

Figure 4. Thermal afterburner diagram (Image 
created by the author after Emis, 2020b).

Analysing all four types of possible methods and 
systems (Table 1) to reduce harmful emission into 
the atmosphere, each identified its advantages and 
disadvantages. All the described methods relate to 
difficult solutions to the problem on the part of the 
resources spent. The systems are not miniature and need 
installation and further maintenance, they also cannot 
be treated as budget installations and when choosing a 
solution to the problem, you need to consider the costs, 
resources and the result that is needed.

All these methods perform their function to a 
lesser or greater extent, depending on the composition 
of gaseous substances. 

When choosing a previously studied necessary 
technique, two things should be considered: the result 
to be achieved and the economic part.
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In this published analysis, four systems were 
compared from the point of equipment efficiency to 
parameters which are described below: 

TOC – total organic carbon contained in an 
organic compound, the substance easily settles 
and accumulates in the soil and further in the water 
(European environment agency, 2019).

CO – carbon monoxide is a gaseous toxic substance 
that has no colour taste or smell. 

NO – nitric oxide, a poisonous gas that is formed 
at high temperatures by the combination of nitrogen 
with oxygen. Dust particles, which are also part of 
the emission and accumulate in the soil (Nathani et 
al., 2019). Formaldehyde is a colourless gas that is 
released from wood at high ignition temperatures, 
which is associated with the thermal decomposition of 
polysaccharide in wood. 

The amount of substance release depends 
on various factors: wood species, humidity, air 
temperature and storage time (Salem & Böhm, 2013).

PAH – stands for polycyclic aromatic hydrocarbons 
whose organic compounds are characterized by the 
presence of several benzene rings in the structure. 
The connection is formed in the process of cellulose 
pyrolysis. In the process of emission, it easily 
accumulates in the soil and in the plants themselves 
(Yakovleva, Gabov, & Beznosikov, 2019).

Each of the above parameters in Europe has a 
set limit in the general administrative regulations of 
the Federal Law on Emission Control (Air Pollution 
Control Technical Instructions, 2021).

In the published analysis, the smoking process 
was carried out with the same parameters and raw 
wood chips (beech). In the process, the methods are 
compared with each other and the established limits. 
The indicators differ in different parameters. The 

smoke afterburning systems and the thermal catalysing 
system during the experiment do not exceed any of the 
established limits on parameters. The scrubber exceeds 
the limit of carbon monoxide and nitrogen oxide. The 
biological filter exceeds the limit on three indicators: 
carbon monoxide, nitrogen oxide and formaldehyde. 
Organic carbon and dust particles in the smoke were 
close to the limit, and there was only one indicator 
in the green zone − polycyclic aromatic hydrocarbon. 
From the point of view of energy consumption, the 
largest energy consumption is necessary for the smoke 
afterburning system (TAB), as well as the biological 
filtration system (Fesmann, 2020).

The economic part (Table 2) plays an important role 
in choosing a suitable method of solving the problem 
of emission. Not only the purchase of this equipment, 
but also its maintenance, costs, resources and 
necessary disposal costs must be considered in order 
to achieve an economic and environmental balance. 
The most expensive is a scrubber (~150 000-200 000 
EUR) and a smoke afterburning system (100 000-
150 000 EUR) (Emis, 2020a), but it is also worth 
considering further investments and maintenance of 
systems. For example, for a biofilter, there is a need 
to replace the filter material at a cost (~50 000 EUR 
/750 m3) (Emis, 2020c). From the point of view of 
maintenance, this is needed for all systems practically 
equally. It is also important to consider the recycling 
process of biofiltration and scrubber systems that have 
the requirement to replace and clean up waste. The 
medium accumulating with the reagent enters the 
scrubber into the lower part of the system and then into 
the drain pipe, which periodically requires cleaning.

These substances from the scrubber and the filter 
material of the biofilter must be sealed by composting 
or contamination. All these techniques are installed 

Table 1
Comparison of emission reduction systems (Table created by the author after Fessmann, 2020)

Sm
oc

ki
ng

 sm
ok

e

Parameters Thermal 
afterburner

Cartalytic 
afterburner Scrubber Bio-bed Limit *

Total organic carbon 50 mg m-2

Carbon monoxide 100 mg m-3

Nitric oxide 100 mg m-3

Part. matter 20 mg m-2

Formaldehyde 10 mg m-2

Polycyclic aromatic 
hydrocarbon 50 mg kg-1

*Air Pollution Control Technical Instructions (2021, August). New edition of the First General Administrative Regulations 
of the Federal Law on Emissions Control.

 Above the set limit;    the result is equal to the limit;    below the set limit
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to furnaces, due to which they allow achieving the 
desired result without affecting the products of their 
colour, smell or taste of natural smoking (Fessmann, 
2020).

Conclusions
Catalysis systems can be attributed to the optimal 

choice of a system for solving environmental and 
economic problems. It has shown a good result of 

effective filtration to reduce emission, and is also 
optimal in terms of maintenance, costs and dimensions.

Biofiltration has the least result, gas purification 
is less effective, and there is also a need for constant 
maintenance. But each system is suitable for certain 
functions. It is necessary to consider the result to 
be reached, the type of production, the composition 
of gas, the dimensions of production, economic 
opportunities, company policies, location. 

Table 2
Comparison of emission reduction systems with economic efforts 

(Table created by the author after Fessmann, 2020)

EU
R

Parameters Thermal 
afterburner

Catalytic 
afterburner Scrubber Bio-bed

Investment

Energy

Maintenance

Disposal

  the highest level of costs     the medium level of costs     the low level of costs

References
Affek, K., Tabernacka, A., Załeska-Radziwiłł, M., Doskocz, N., & Muszynski, A. (2021). Bioaerosol Emission 

from Biofilters: Impact of Bed Material Type and Waste Gas Origin. Atmosphere. 18, 2–18. Article No. 
1574. DOI: 10.3390/atmos12121574.

Air Pollution Control Technical Instructions (2021, August). New edition of the First General Administrative 
Regulations of the Federal Law on Emissions Control. Retrieved March 4, 2022, from http://www.
verwaltungsvorschriften-im internet.de/bsvwvbund_18082021_IGI25025005.htm.

Alimov, A.V., Lykasova, I.A., & Mizhevikin, I.A. (2020). The influence of the smoking method on the veterinary 
and sanitary characteristics of a smoked-boiled pork product. South Ural State Agrarian University. 4, 2–3. 
DOI: 637.525[637.5.034]:619:614.31.  

Bhuyan, D., Das, A., Laskar, S.K., Bora, D.P., Tamuli, S., & Hazarika, M. (2018). Effect of different smoking 
methods on the quality of pork sausages. Veterinary World. 11(12). Article No. 1712–1719. DOI: 10.14202/
vetworld.2018.1712-1719. 

Brinkmann, T., Giner Santonja, G., Yükseler, H., Roudier, S., & Delgado Sancho, L. (2016). Best Available 
Techniques (BAT) Reference Document for Common Waste Water and Waste Gas Treatment/Management 
Systems in the Chemical Sector. JRC Science for Policy Report. 110–145. Article No. 1831–9424. DOI: 
10.2791/37535.

Bujak, J., Sitarz, P., & Pasela, R. (2021). Possibilities for Reducing CO and TOC Emissions in Thermal Waste 
Treatment Plants: A Case Study. Energies. 10–14. Article No. 2901. DOI: 10.3390/en14102901.

Djekic, I., Blagojevic, B., Antic, D., Cegar, S., Tomasevic, I., & Smigic, N. (2016). Assessment of environmental 
practices in Serbian meat companies. Cleaner Production. 12(4), 28. DOI: 10.1016/j.jclepro.2015.10.126. 

Dopshak, V.N. (2009). Catalytic processes for neutralization gas emissions. Chemical Technology. 1–3. Article 
No. 2451.   

Emis (2020a). Catalytic oxidation. Retrieved March 4, 2022, from https://emis.vito.be/nl/node/19482.
Emis (2020b). Thermal afterburning. Retrieved March 5, 2022, from https://emis.vito.be/en/bat/tools-overview/

sheets/thermal-afterburning.
Emis (2020c, March). Biofilter. Retrieved February 11, 2022, from https://emis.vito.be/nl/node/19470.
European Environment Agency (2019, February). Total Organic Carbon (TOC). Retrieved March 4, 2022, from 

https://www.fao.org/3/t0512e/T0512e0d.htm.
Fessman (2022). Climate systems. Retrieved March 4, 2022, from https://www.fessmann.com/en/products/

climate-systems/.

Evelina Spaka, Ilze Gramatina, Tatjana Kince

REDUCATION POSSIBILITIES OF GAS  
EMISSION FROM MEAT PROCESSING 
COMPANIES: A REVIEW



120 RESEARCH FOR RURAL DEVELOPMENT 2022, VOLUME 37 

Food and Agriculture Organization of the United Nations (2019, February). Gas cleaning and cooling. Retrieved 
March 6, 2022, from https://www.fao.org/3/t0512e/T0512e0d.htm.

Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A., & Tempio, G. (2013). 
Tackling climate change through livestock – A global assessment of emissions and mitigation opportunities. 
Food and Agriculture Organization of the United Nations (FAO), Rome. Retrieved February 01, 2022, 
from https://www.fao.org/3/i3437e/i3437e.pdf. 

Hevia, M.A.G., Ordonez, S., & Dıez, F.V. (2005). Design and Testing of a Control System for Reverse-Flow 
Catalytic Afterburners. AIChE Journal. 15–18. Article No. 10573. DOI: 10.1002/aic.10573. 

Hyland, J.J., Henchion, M., McCarthy, M., & McCarthy, S.N. (2017). The role of meat in strategies to achieve 
a sustainable diet lower in greenhouse gas emissions: A review. Meat Science. 24, 3˗9. DOI: 10.1016/j.
meatsci.2017.04.014. 

Kastner, J.R., & Das, K.C. (2011). Wet Scrubber Analysis of Volatile Organic Compound Removal in  
the Rendering Industry. Air & Waste Management Association. 8˗11. DOI: 10.1080/10473289.2002.1047
0800. 

Kim, E.N., Glebova, E.V., Timchuk, E.G., Lapteva, E.P., & Zayats, E.A. (2021). Standardization of food 
smoking production within the framework of environmental engineering. In IOP Conf. Series: Earth and 
Environmental Science. 10, 2–5. DOI: 10.1088/1755-1315/839/4/042070.  

Kuzlyakina, Y.A., Yurchak, Z.A., & Baskhamdgieva, B.D. (2019). Analysis of environmental aspects at meat 
processing plants according to ISO 14001. Food systems. 23–28. DOI: 10.21323/2618-9771-2019-2-3-23-28. 

Lazarus, O., McDermid, S., & Jacquet, J. (2021). The climate responsibilities of industrial meat and dairy 
producers. Climatic Change. 165, 5–10. DOI: 10.1007/s10584-022-03330-1. 

Maia, G.D.N., Sales, G.T., Day, G.B.V., Gates, R.S., & Taraba, J.L. (2012). Characterizing physical properties 
of gasphase biofilter media. Transactions of the ASABE. 3˗5. Article No.1939. DOI: 10.13031/2013.42356. 

Melse, R.W., & Hol, J.M.G. (2017). ‘Biofiltration of Exhaust Air from Animal Houses: Evaluation of Removal 
Efficiencies and Practical Experiences with Biobeds at Three Field Sites’. Biosystems Engineering. 59–69. 
DOI: 10.1016/j.biosystemseng.2017.04.007. 

Nathani, C., Frischknecht, R., Hellmüller, P., Alig, M., Stolz, P., & Tschümperlin, L. (2019, October). 
Industry: meat processing. Federal Office for the Environment FOEN, Retrieved February 02, 2022, from 
https://treeze.ch/fileadmin/user_upload/downloads/Publications/Case_Studies/Lifestyles/629_UHU_
FinalReport_EN_v1.8_FoodTrade.pdf. 

Nazarov, V.F., & Mayorov, A.V. (2020). Analysis of the current state and perspective directions of development 
of smoking technology. Humanities and Natural Sciences. 1–4. DOI: 10.24411/2500-1000-2020-10133. 

Nesaratnam, S., Nesaratnam, S.T., Taherzadeh, S., & Barratt, R. (2014). Air quality management. Hoboken:Wiley. 
210–213. DOI: 10.1002/9781118863886. 

Omri, I., Aouidi, F., Bouallagui, H., Godon, J.J., & Hamdi, M. (2013). Performance study of biofilter developed 
to treat H2S from wastewater odour. BiolSci.169–176. DOI: 10.1016/j.sjbs.2013.01.005. 

Pronin, V.A., Prilutsky, A.A., Dolgovskaya, O.V., & Podbolotova, T.E. (2015). Study of the effectiveness of the 
scrubber during absorption carbon dioxide. Scientific NRU ITMO. 2–9.

Salem, M.Z.M., & Böhm, M. (2013). Understanding of formaldehyde emissions from solid wood: An overview. 
BioRes. 2–3. Article No. 4775–4790. DOI: 10.15376/biores.8.3.4775-4790. 

Samokhvalov, N.M., & Zykova, U.A. (2019). Problems of cleaning gas from industrial dust. Ecology and 
science technology. 106–112. DOI: 10.21285/2227-2925-2019-9-4-759-767. 

Sullivan, J.L., Kafka, F.L., & Ferrari, L.M. (2012). An Evaluation of Catalytic and Direct Fired Afterburners for 
Coffee and Chicory Roasting Odors. Air Pollution Control Association. 2–9. Article No. 583–586. DOI: 
10.1080/00022470.1965.10468428.

Swaney-Stueve, M., Talavera, M., Jepsen, T., Severns, B., Wise, R., & Deubler, G. (2019). Sensory and 
consumer evaluation of smoked pulled pork prepared using different smokers and different types of wood. 
Food Sci. 2–9. Article No. 14469. DOI: 10.1111/1750-3841.14469.

Tiwari, A., Alam, T., Kumar, A., & Shukla, A.K. (2019). Control of Odour, Volatile Organic Compounds (VOCs) 
& Toxic Gases through Biofiltration – An Overview. Research Gate. 2–5. DOI: 10.3390/ijerph16173009. 

Valdovska, A., Miculis, J., & Plotina, L. (2010). Content of benzo(a)anthracene, benzo(a)pyrene, benzo(b)
fluoranthene and chrysenein smoked meat and fish. Research Institute of Biotechnology and Veterinary 
Medicine. 5–7.

Wang, G., Wang, G., Wang, Q., & Yan, Z. (2020). Optimization and control of NOx in coke oven vertical flue 
under flue gas recirculation. IOP Conference Series. Materials Science and Engineering. 110–112. DOI: 
10.1088/1757-899X/729/1/012078. 

Evelina Spaka, Ilze Gramatina, Tatjana Kince

REDUCATION POSSIBILITIES OF GAS  
EMISSION FROM MEAT PROCESSING 

COMPANIES: A REVIEW



121RESEARCH FOR RURAL DEVELOPMENT 2022, VOLUME 37 

Yakovleva, E., Gabov, D., & Beznosikov, V. (2019). Accumulation of Polycyclic Aromatic Hydrocarbons 
Betula nana under the Conditions of Technogenesis. Ecology and Industry of Russia. 32–37. DOI: 10.1134/
S1062359019100340. 

Zhernosek, A.V., & Strukova, M.N. (2021). Impact of meat industry enterprises on the environment. Ural 
Federal University. 110–112. DOI: 10.1016/j.profoo.2015.09.025. 

Evelina Spaka, Ilze Gramatina, Tatjana Kince

REDUCATION POSSIBILITIES OF GAS  
EMISSION FROM MEAT PROCESSING 
COMPANIES: A REVIEW


	Evelina Spaka, Ilze Gramatina, Tatjana Kince. Reducation possibilities of gas emission from meat processing companies: a review. DOI: 10.22616/rrd.28.2022.017 
	Abstract
	Key words
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusions
	References



