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COVID 19 PANDEMIJA-  EKOLOŠKO BEZBEDONSNI IZAZOV 
Даница Вукајловић1 Горана Милинчић-Станчић2 Владимир Мученски 3Ђорђе Ћосић4 

Rezime: Situacija sa kojom se svet susreće više od godinu dana je uzrokovana pandemijom COVID-19 virusa. 

Posledice po životnu sredinu ove globalne krize će se tek osetiti u budućnosti. Osnovno zaštitno sredstvo za zaštitu i 

sprečavanje transmisije COVID-19, a koje je preporučila Svetska zdravstvena organizacija, su zaštitne jednokratne 

medicinske maske. Tokom pandemije zbog velikog broja dešavanja načinjen  je propust koji će izazvati ekološko 

bezbednosni problem. On je uzrokovan neadekvatnim preporukama za odlaganje i reciklažu medicinskog otpada. 

Autori ovog rada su se fokusirali da prikažu kolika je potrošnja medicinskih zaštitnih maski na osnovu dnevne 

upotrebe maski u područjima 29 većih gradova u Republici Srbiji. Sagledavajući podatke o količinama otpada, 

autori su se potrudili da skrenu pažnju i daju neke od mogućih preporuka za rešavanje ovog problema, kako bi u 

najvećoj mogućoj meri smanjili negativan uticaj na životnu sredinu i eko-sistem.  

Ključne reči: medicinske zaštitne maske, bezbedonosni ekološki izazov, medicinski otpad, pandemija COVID 19, 

kritična infrastruktura, zagađenje 

COVID 19 PANDEMIC - ENVIRONMENTAL SAFETY CHALLENGE 

Abstract: The situation the world has been facing more than a year is caused by the COVID-19 virus pandemic. 

The impact of this global crisis on the environment will be known in the future. The basic equipment for protection 

and transmission prevention of COVID-19, recommended by the World Health Organization, are disposal medical 

masks. Due to large number of events during the pandemic, an omission which could cause an environmental safety 

problem was made. It is caused by inadequate recommendations for the disposal and recycling of medical waste. 

The authors of this paper are present the consumption of medical disposal masks based on the daily mask usage, in 

29 larger cities in the Republic of Serbia. Considering the data on the amount of waste, the authors give some of the 

possible recommendations for solving this problem, in order to minimize the negative impact of environmental and 

ecosystem.  

Key words: disposal medical masks, safety environmental challenge, medical waste, pandemic COVID-19, critical 

infrastructure, pollution 

1. INTRODUCTION 

COVID-19 is an infectious disease caused by a new type of coronavirus SARS-CoV-2 [1]. 

Coronaviruses (CoV) are a large family of viruses that cause diseases ranging from the common 

cold to severe illnesses such as Middle East Respiratory Syndrome (MERS-CoV) and Severe 

Acute Respiratory Syndrome - SARS-CoV) [2]. According to the WHO and the CDC, COVID-

19 is spreading by droplets, most often when people talk, sneeze, cough… 

The coronavirus COVID-19 appeared in China, in the Wuhan city, with the first reported 

case early December 2019 [1]. After that, the virus spread rapidly through various regions of 

China, and on December 31, 2019, the WHO office in China was informed about pneumonia 

cases with an unknown cause. On January 30, 2020, the World Health Organization declared a 

state of concern, while on March 11, 2020, the World Health Organization declared a pandemic 

of COVID-19. 

More than a year after the announcement of the first case in China, in the world ( in 222 

countries) on January 7, 2021 year, were registered 85,929,428 infected people, while the 

number of dead was 1,860,100.  
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In the Republic of Serbia, the first recorded case of the COVID-19 virus, according to the 

data from the Institute for Public Health Milan Jovanović Batut appeared on March 6, 2020. In 

the Republic of Serbia from the declaration of the pandemic until January 07, 2021; 353,907 

cases were registered, of which 3,479 died [3].  

Due to the virus characteristics and the request of the World Health Organization to not 

perform autopsies, it is still unknown what lasting consequences the virus will leave on human 

health. The situation which especially worrying is that COVID-19 will not have only 

consequences on human life and health. It will also have consequences and impact on the 

environment and the world economy. 

The vaccine has been made, at the end of 2020. Considering that the demand for vaccines is 

higher than supply, because current production can’t match requirements, the only protection 

measure against virus transmission, recommended by WHO, in addition to social distance and 

isolation, is the usage of personal protective equipment (PPE) which includes gloves and masks. 

It is especially emphasized that disposable face masks are the basic device for protecting healthy 

people because they prevent the emission of viral droplets. 

2. MASKS - THE BASIC  PROTECTION  EQUIPMENT 

The mask is protective equipment designed for the face and preventing the inhalation of air 

contaminated with chemical and/or biological agents. It consists of several layers of filters and 

must not fall apart during use. Masks are classified into disposable medical masks (surgical 

masks) and respiratory. 

Disposable medical masks are designed to protect the user and the environment by 

preventing particles (droplets) from being released into the ambience. 

Medical face masks may have different shapes and constructions as well as additional 

features such as a face shield (to protect the wearer against splashes and droplets) with or without 

anti-fog function, or a nose bridge (to enhance fit by conforming to the nose contours) [4]. 

Disposable medical masks don’t represent respiratory protective equipment and consist of 

the following parts: 

 belts made of knitted polyisoprene,  

 nose clips made of aluminium,  

 filters made of different types of polymer (polypropylene, polyurethane, polystyrene, 

polyester, polycarbonate, etc.) 

The filter consists of three layers (inner, middle and outer). The inner layer is a soft fibre, the 

middle layer efficiently filters germs and particles through micro and nano fibres, while the outer 

layer is often dyed and waterproof and consists of non-woven fibres. Medical masks differ 

depending on the efficiency of the bacterial filter, breathability and resistance to spraying, purity 

and biocompatibility and are therefore divided into categories I, II and IIR, according to the 

European standard for surgical masks - Requirements and test methods EN14683: 2019.  

Respiratory masks are semi-masks, made of filler material designed to filter particles and 

cover the nose, mouth and chin. Respiratory masks reduce the potential exposure of the carrier to 

dangerous air pollutants. Respirators are classified into three classes according to the level of 

filtration FFP1, FFP2 and FFP3. Respiratory masks are also classified according to their purpose 

whether they are with a valve or without a valve, and they are further classified according to 

whether they are disposable or reusable. 
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The average weight of a medical disposable mask is about 3.5 grams, while the average 

weight of respiratory mask is about 11 grams.  

For safety reasons, the World Health Organization recommends the use of disposable 

medical masks to reduce the risk of infection. According to the recommendations of the Crisis 

Headquarters in the Republic of Serbia, there is also a recommendation to wear disposable 

medical masks in a public place, while wearing disposable medical masks is mandatory indoors.  

According to the above, the production and use of masks have increased. For example, 

China produces 200 million medical masks a day (data from June 2020); which is twenty times 

more than the production at the beginning of February 2020 [5]. 

3. RESEARCH AND RESULTS 

Because the COVID-19 virus is a catalyst for waste management problems, the authors of 

this paper analysed the use of disposable medical masks in larger cities in Serbia according to the 

average daily needs of the population.  

The purpose of this research is to consider the consequences for improper handling and 

managing of plastic waste. 

Daily mask usage (DMU) is calculated as: DMU = PxCxDxB, where P is the total 

population, percentage of urban population (c), acceptance rate (d) for mask use and average 

daily number of masks used (b) per person [6] . 

The authors of this paper started from a slightly different assumption regarding to 

population. Only the number of residents in the inner (wider) urban area, precisly larger cities in 

the Republic of Serbia was considered. 

The acceptance rate of masks was viewed by the authors from the perspective of neccesity as 

100%, because masks are the most important adequate protection equipment; while the number 

of used masks on daily basis is 2 (two), due to declining mask efficiency upon expiration of 

wearing after 4 (four) hours.  

Therefore, the analysis included 29 cities in the territory of the Republic of Serbia, if one (1) 

resident consumes 2 (two) disposable medical masks within 24 hours. 

 

Table 1 - Overview of the average consumption of disposable medical masks, in the inner area of larger cities of the Republic of 

Serbia on a daily, monthly and annual level: 

No 
City in 

Serbia 

Number of 

residents 

in the 

inner area 

Average consumption of disposable 

protective medical masks 

Amount 

of waste 
Incineration costs 

Daily  Monthly Annually t/a USD/a 

1. Beograd  1.166.763 2.333.526 70.005.780 851.736.990 2.981,08 447.162 894.324 

2. Novi Sad  231.798 463.596 13.907.880 169.212.540 592,24 88.837 177.673 

3. Niš 183.164 366.328 10.989.840 133.709.720 467,98 70.198 140.395 

4. Kragujevac 150.835 301.670 9.050.100 110.109.550 385,38 57.808 115.615 

5. Priština 145.149 290.298 8.708.940 105.958.770 370,86 55.628 111.257 

6. Subotica 105.681 211.362 6.340.860 77.147.130 270,01 40.502 81.004 

7. Zrenjanin 76.511 153.022 4.590.660 55.853.030 195,49 29.323 58.646 

8. Pančevo 76.203 152.406 4.572.180 55.628.190 194,70 29.205 58.410 

9. Čačak 73.331 146.662 4.399.860 53.531.630 187,36 28.104 56.208 

10. Kraljevo 68.749 137.498 4.124.940 50.186.770 175,65 26.348 52.696 

11. Novi Pazar 66.527 133.054 3.991.620 48.564.710 169,98 25.496 50.993 

12. Smederevo 64.175 128.350 3.850.500 46.847.750 163,97 24.595 49.190 

13. Leskovac 60.288 120.576 3.617.280 44.010.240 154,04 23.105 46.211 

14. Valjevo 59.073 118.146 3.544.380 43.123.290 150,93 22.640 45.279 

15. Kruševac 58.745 117.490 3.524.700 42.883.850 150,09 22.514 45.028 
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16. Vranje 55.138 110.276 3.308.280 40.250.740 140,88 21.132 42.263 

17. Šabac 53.919 107.838 3.235.140 39.360.870 137,76 20.664 41.329 

18. Užice 52.646 105.292 3.158.760 38.431.580 134,51 20.177 40.353 

19. Sombor 47.623 95.246 2.857.380 34.764.790 121,68 18.252 36.503 

20. Požarevac 44.183 88.366 2.650.980 32.253.590 112,89 16.933 33.866 

21. Pirot 38.785 77.570 2.327.100 28.313.050 99,10 14.864 29.729 

22. Zaječar 38.165 76.330 2.289.900 27.860.450 97,51 14.627 29.253 

23. Kikinda 38.065 76.130 2.283.900 27.787.450 97,26 14.588 29.177 

24. 
Sremska 

Mitrovica 
37.751 75.502 2.265.060 27.558.230 96,45 

14.468 28.936 

25. Jagodina 37.282 74.564 2.236.920 27.215.860 95,26 14.288 28.577 

26. Vršac 36.040 72.080 2.162.400 26.309.200 92,08 13.812 27.625 

27. Bor 34.160 68.320 2.049.600 24.936.800 87,28 13.092 26.184 

28. Prokuplje 27.333 54.666 1.639.980 19.953.090 69,84 10.475 20.951 

29. Loznica 19.212 38.424 1.152.720 14.024.760 49,09 7.363 14.726 

Totally: 3.147.294 6.294.588 188.837.640 2.297.524.620 8.041,34 1.206.200 2.412.401 

 

By analysing the data from Table No. 1, authors conclude that 6.298.584 disposable medical 

masks will used on daily basis, in the inner area of 29 larger cities in the Republic of Serbia. At 

the monthly level, in the inner area of 29 larger cities in the Republic of Serbia, residents will 

used 188.837.640 disposable medical masks, while at the annual level, residents will used 

2.297.524.620 masks. The total amount of hazardous medical waste per year is 8.041,34 t. 

Annual incineration costs range between USD 1.206.200 and USD 2.412.401. 

 

Table 2 - Overview of the average consumption of medical disposable protective masks in the wider area of larger cities of the 

Republic of Serbia on a daily, monthly and annual level: 

No 
City in 

Serbia 

Number of 

residents 

in the 

wider area 

Average consumption of disposable 

protective medical masks 

Amount 

of waste 
Incineration costs 

Daily  Monthly Annually t/a USD/a 

1. Beograd  1.659.440 3.318.880 99.566.400 1.211.391.200 4.240 635.980 1.271.961 

2. Novi Sad  341.625 683.250 20.497.500 249.386.250 873 130.928 261.856 

3. Niš 260.237 520.474 15.614.220 189.973.010 665 99.736 199.472 

4. Kragujevac 179.417 358.834 10.765.020 130.974.410 458 68.762 137.523 

5. Priština 198.897 397.794 11.933.820 145.194.810 508 76.227 152.455 

6. Subotica 141.554 283.108 8.493.240 103.334.420 362 54.251 108.501 

7. Zrenjanin 123.362 246.724 7.401.720 90.054.260 315 47.278 94.557 

8. Pančevo 123.414 246.828 7.404.840 90.092.220 315 47.298 94.597 

9. Čačak 115.337 230.674 6.920.220 84.196.010 295 44.203 88.406 

10. Kraljevo 125.488 250.976 7.529.280 91.606.240 321 48.093 96.187 

11. Novi Pazar 100.410 200.820 6.024.600 73.299.300 257 38.482 76.964 

12. Smederevo 108.209 216.418 6.492.540 78.992.570 276 41.471 82.942 

13. Leskovac 144.206 288.412 8.652.360 105.270.380 368 55.267 110.534 

14. Valjevo 90.312 180.624 5.418.720 65.927.760 231 34.612 69.224 

15. Kruševac 128.752 257.504 7.725.120 93.988.960 329 49.344 98.688 

16. Vranje 83.524 167.048 5.011.440 60.972.520 213 32.011 64.021 

17. Šabac 115.884 231.768 6.953.040 84.595.320 296 44.413 88.825 

18. Užice 78.040 156.080 4.682.400 56.969.200 199 29.909 59.818 

19. Sombor 85.903 171.806 5.154.180 62.709.190 219 32.922 65.845 

20. Požarevac 75.334 150.668 4.520.040 54.993.820 192 28.872 57.744 

21. Pirot 57.928 115.856 3.475.680 42.287.440 148 22.201 44.402 

22. Zaječar 59.461 118.922 3.567.660 43.406.530 152 22.788 45.577 

23. Kikinda 59.453 118.906 3.567.180 43.400.690 152 22.785 45.571 

24. 
Sremska 

Mitrovica 
79.940 159.880 4.796.400 58.356.200 204 

30.637 61.274 

25. Jagodina 71.852 143.704 4.311.120 52.451.960 184 27.537 55.075 

26. Vršac 52.026 104.052 3.121.560 37.978.980 133 19.939 39.878 

27. Bor 48.615 97.230 2.916.900 35.488.950 124 18.632 37.263 

28. Prokuplje 44.419 88.838 2.665.140 32.425.870 113 17.024 34.047 
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29. Loznica 79.327 158.654 4.759.620 57.908.710 203 30.402 60.804 

Totally: 4.832.366 9.664.732 289.941.960 3.527.627.180 12.347 1.852.004 3.704.009 

 

By analysing the data from Table No. 2, authors conclude that 9.664.732 disposable medical 

masks will used on daily basis, in the wider area of 29 larger cities in the Republic of Serbia. At 

the monthly level, in the wider area of 29 larger cities in the Republic of Serbia, residents will 

used 289.941.960 disposable medical masks, while at the annual level, residents will used 

3.527.627.180 masks. The total amount of hazardous medical waste per year is 12.346,70. 

Annual incineration costs range between USD 1.852.004 and USD 3.704.009. 

 

Table 3 - Overview of produced waste of category 18 01 03 * on the territory of the Republic of Serbia on an annual basis by 

years in t [8]: 

Index 

no. 

Waste 

classification 
2011 2012 2013 2014 2015 2016 2017 2018 2019 

18 01 
03* 

Wastes 

whose 

collection 

and disposal 

are subject to 

special 

requirements 

due to the 

spread of 

infections 

1.954,92 2.053,12 2.199,08 2.583,18 2.470,33 2.491,97 2.641,11 2.993,23 2.868,35 

 

Table 4 - Overview of the total amount of waste by categories from the waste catalog on the territory of the Republic of Serbia on 

annual level by years in t [8]: 

Index 

no. 

Waste 

classification 

Year 

2011 2012 2013 2014 2015 2016 2017 2018 2019 

18 

Wastes from 

human and 

animal health 
protection and 

/ or related 

research 

2.853 2.519 2.455 2.873 2.822 2.824 2.995 3.607 3.263 

20 
Communal 

waste 
2.733.825 2.658.549 2.454.520 2.186.297 1.936.309 1.963.776 2.237.622 2.311.969 2.463.422 

Totally: 2.736.678 2.661.068 2.456.975 2.189.170 1.939.131 1.966.600 2.240.617 2.315.576 2.466.685 

 

Based on the data from Table No.1 and Table No.2, authors conclude that the use of masks 

in the inner and wider areas of larger cities is worrying and that the population and state will face 

the consequences on the environment caused by the current activities of COVID-19.  

Based on the data from Table No. 3, authors conclude that the quantity of medical waste 

from masks, which is generated during the pandemic in the inner city area is 280% higher 

compared to the quantity of infectious medical waste that was generated in 2019; and the 

quantity of medical waste from masks, which it is generated during the pandemic in the wider 

city area is 430% higher compared to the quantity of total infectious waste that was generated in 

2019.  

Based on the data from Table No. 4, authors conclude that the quantity of medical waste 

from masks, which is generated during the pandemic in the inner city area is 246% higher 

compared to the  quantity of total medical waste that was generated in 2019; and the quantity of 

medical waste from masks, which it is generated during the pandemic in the wider city area is 

378% higher compared to the quantity of total medical waste that was generated in 2019.  
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This data is even more worrying when the authors take in consideration that during the 

epidemic separate containers and bins for disposing of medical masks were not installed, and 

communal waste is mixed with medical waste which containing pathogenic substances, so final 

mixture of communal waste is a major potential source of soil and watercourse pollution and 

danger for human health. 

4. DISCUSSION AND MEASURES 

Medical masks are made of microplastic fibres. Microplastics contain toxic chemicals such 

as phthalates, organotin, nonylphenol, polybrominated biphenyl ether and triclosan [5].  

Therefore, medical masks are categorized as medical plastic waste. Medical waste is a 

heterogeneous mixture of municipal waste, infectious, pathoanatomical, pharmaceutical and 

laboratory waste, disinfectants and packaging, as well as chemical waste from health care 

institutions and veterinary organizations [9]. The subcategory of medical waste to which medical 

masks belong is an infectious (hazardous) waste because it causes danger to the environment and 

human health. 

Improper medical management is a problem during the epidemic due to the non-separation 

of waste and mixing it with communal waste. 

Council Directive 99/31 / EC on landfills aims to reduce the negative effects of waste 

disposal on the environment, on land, groundwater and surface water, as well as on the health of 

the population, by impelmenting strict technical requirements [9]. This directive prohibits the 

disposal of infectious medical waste in landfills. According to EU legislation, infectious medical 

waste must be incinerated with incinerators designed for that purpose or autoclaved and then 

disposed of in a municipal landfill.  

Considering the fact that, in the Republic of Serbia there is not a single location for the 

disposal of hazardous waste, and the waste is temporarily stored, it is necessary to adopt longer-

term measures. Medical waste is treated in 72 health centres in the Republic of Serbia with 

devices such as an autoclave and a sterilizer, but in the Republic of Serbia, facilities for the 

treatment of medical waste by incineration or co-incineration haven’t been installed.  

Waste incineration is thermal treatment of waste in a stationary or mobile plant with or 

without the utilization of energy produced by combustion whose primary role is thermal 

treatment of waste. Co-incineration is thermal treatment of waste in a stationary or mobile plant 

whose primary role is the production of energy or material products and which uses waste as a 

primary or additional fuel or in which waste is thermally treated for disposal [9]. 

It is generally known, according to the Law on critical infrastructures, that the environment 

is one of the components of critical infrastructure, from which we can conclude that the 

vulnerability of  one part critical infrastructure, entire critical infrastructure system could fail, so 

system dysfunction can easily occur. Especially those systems that are in close interdependence 

with the environmental system, such as cases with public health, water, food, economy etc.  

In order to avoid a future catastrophic event with consequences for the environment, it is 

necessary to think on time and implemet preventive measures that will mitigate or eliminate the 

risk to the environment in the future. 

The authors of this paper recommend the following measures as recommendations for 

reducing and preventing risks and consequences:  

 Adoption of a new National Waste Management Strategy for the period from 2020 to 

2025, in order to harmonize the strategic and legislative framework,  
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 Development of a National waste management Plan,  

 Installation of special containers for disposal protective medical masks, with a clearly 

indicated purpose on them, which will be easily accessible to all citizens of the Republic 

of Serbia in the narrower and wider areas of cities,  

 Installation and securing places where protective medical masks will be disposed of and 

properly processed, from installed containers intended for citizens,  

 Transition from the removal of medical waste by disinfection and sterilization and then 

grinding and disposal to a landfill, to a more modern solution by building a plant for 

thermal treatment of this waste - incinerator or waste co-inseratior,  

 Damage assessment and implementation of emergency remediation of land and 

watercourses in the post-pandemic period,  

 Raising awareness of the citizens of the Republic of Serbia about the importance of proper 

disposal of used protective medical masks, through all types of media, through 

presentations in companies, presentations in schools, colleges, etc. 

5. CONCLUSION 

Managing medical plastic waste during an epidemic is a real challenge. Because medical 

waste consists of medical equipment, it doesn’t represent an obvious source of pollution, because 

masks serve for protection and have safety characteristic.  

Medical waste generated during an epidemic is classified as hazardous waste. Accordingly, it 

should be destroyed, because it contains pathogenic substances. Contamination is not only 

limited to hospitals, but also to households that generate the most waste during the epidemic. The 

most ideal solution would be the possibility of developing the plan and strategy for giving 

precise guidelines for the separation of contaminated waste from non-contaminated, collection, 

separation, storage, transport, treatment and disposal. 

According to the research conducted and the data on the number of masks that will be 

consumed in one year from the beginning of the epidemic, the authors conclude that without 

timely response and system which includes the adequate waste management measures, 

disposable medical masks as effective protection equipment, will become large source of soil and 

water pollution,  i.e. of entire ecosystem.  

In future research, it is necessary to assess and detail the costs that would be required to 

remove post-epidemic waste, through incineration. Also, it is necessary to make a concept of 

proposed measures to eliminate hazardous medical waste, considering meeting the requirements 

of the circular economy and reducing the footprint of plastic waste. 
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