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Material Flow Analysis and Life Cycle Assessment Study of Single-Use Face Masks
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ABSTRACT

This study was conducted to assess the potential environmental impacts of single-use face masks in South Korea during
COVID-19 pandemic. In 2021, about 35,382 tons of medical waste was generated in Korea due to the COVID-19 pan-
demic, an increase of about 21 times compared to about 1,647 tons during the 2015 MERS outbreak. In particular, the
mandatory wearing of masks resulted in a significant increase in the usage of single-use face masks, with approximately
378.9 billion masks produced in 2020, representing an increase of about 30 times compared to 2019. This study analyzed
the material flows of single-use face masks in South Korea in 2018, 2020, and 2022. We also conducted Life Cycle
Assessment (LCA) of the masks in 2020 to determine potential environmental impacts. The functional unit was set to
6.7 billion single-use face masks per year worn by South Koreans with a KF-94 rating that blocks at least 94% of par-
ticles averaging 0.4 pm in size, and the reference flow was set to 6.7 billion KF-94 single-use face masks. The material
flow study indicated that the annual consumption of disposable face masks was approximately 12,194 tons in 2018, 31,423
tons in 2020, and 18,291 tons in 2022. The LCA results revealed that the global warming impact of disposable face masks
in South Korea in 2020 amounted to a total of 128,000 tons CO,eq, with 88.8% from the manufacturing stage, 5.3%
from the transportation stage, and 5.9% from the disposal stage. The global warming potential environmental impact by
unit process was found to be the highest in the nonwoven fabric manufacturing process of polypropylene at about 50%.
The results can be used for developing relevant policies and proper management strategies to reduce the impacts asso-
ciated with face masks by life cycle.
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Table 1. Data source and acquisition related to single-use face masks life cycle in this study

Life cycle Contents

References

Production and

Monthly single-use face masks production

- Ministry of Food and Drug Safety, 2018, 2022 [12]
- Korea Biomedicine Industry Association, 2018 [13]

consumption
Process of single-use face masks textile Turkmen, 2021 [5]
Estimated single-use face masks discarded by country Benson et al., 2021 [3]
Incineration of polvbropvlene Korea Environmental Industry and Technology Institute:
POypropy Environmental report label, 2019 [6]
. Status of waste single-use masks in COVID-19 Lee et al., 2020 [4]
Disposal

Status of waste generation and disposal

- Korea Ministry of Environment: Status of waste
generation and disposal, 2018, 2020, 2022 [14]

- Ministry of Economy and Finance: Waste Resources
Management and Utilization Policies of Korea, 2016 [15]
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Fig. 1. System boundary of single-use face masks life cycle assessment.



Table 2. The inventory data for the life cycle assessment of KF-94 single-use face mask based on the

reference flow

Stage Category Amount Data
. Textile, non-woven polypropylene {RoW} | textile production,
Filter 38 g
non woven polypropylene, spun bond | cut-off, S [5]
Manu- .
factjaulililn Far strans 0.39 Polyurethane, flexible foam {RoW} | market for polyurethane,
g P 7% flexible foam | cut-off, S [5]
Nose guard 044 ¢ Aluminum, wrought alloy {GLO}| market for | Cut-off, S [5]
Transp ortationfrom ra.w material 0.234 kgkm Transport, light commercial truck, diesel powered/tkm/RNA
Trans- supplier to manufacturing factory
portation T rtation fi £ ;
ransportation from manufacturing 0.936 kgkm Transport, light commercial truck, diesel powered/tkm/RNA
factory to market
Incineration 64% Mun.lc.lpal SO?ld Waste‘(vs{aste Ascenano) {KR} | treatment of
municipal solid waste, incineration | cut-off, S
Municipal solid waste (waste scenario) {RoW} | treatment of
0,
Disposal Landfill 31% municipal solid waste, landfill | cut-off, S
Municipal solid waste (waste scenario) {GLO} | treatment of
Environmental degradation 5% municipal solid waste, open dump, wet infiltration class (500

mm) | cut-off, S
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Fig. 2. Material flows of single-use face masks (a) 2018, (b) 2020, (c) 2022.
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Table 3. Environmental impacts of single—use face masks by LCA

Impact category Unit Total Production Transport Disposal
Carcinogens kgCoH;Cleq 6.09E+06 5.85E+06 2.43E+03 2.38E+05
Non-carcinogens kgC,H;Cleq 6.74E+06 5.09E+06 4.89E+05 1.17E+06
Respiratory inorganics kgPM2.5¢eq 1.48E+05 1.24E+05 1.68E+04 7.07E+03
Ionizing radiation BqC-14eq 6.50E+08 6.45E+08 0.00E+00 4.70E+06
Ozone layer depletion kgCFC-11eq 3.83E+00 3.65E+00 2.86E-04 1.80E-01
Respiratory organics kgCoHaeq 6.51E+04 5.97E+04 4.49E+03 9.29E+02
Aquatic ecotoxicity kgTEGwater 2.36E+10 1.52E+10 3.26E+09 5.13E+09
Terrestrial ecotoxicity kgTEGsoil 3.65E+09 3.63E+09 3.75E+05 2.36E+07
Terrestrial acid kgS0,eq 2.73E+06 1.89E+06 5.55E+05 2.88E+05
Land occupation mPorg.arable 1.01E+06 9.71E+05 0.00E+00 3.77E+04
Aquatic acidification kgSO,eq 6.82E+05 5.63E+05 7.95E+04 3.94E+04
Aquatic eutrophication kgPO,P-lim 1.48E+04 1.42E+04 5.98E+01 5.03E+02
Global warming kgCO,eq 1.28E+08 1.13E+08 6.77E+06 7.50E+06
Non-renewable energy MIJ primary 3.09E+09 2.97E+09 1.04E+08 1.39E+07
Mineral extraction MJ surplus 7.66E+06 7.64E+06 0.00E+00 1.93E+04
APt AF2dst FFHF B, ARDACN oF 202049 =4l 71& L9}E v SHFTHF S A

ol
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YT 719=E HArt 20209 S 7| D98 vkaa @Al o=E APYRl 23}, PP Rl At P FYFel A F,
E A SEFE 7199 B Fig. 30 eI 50%= 7P &7 UERdTh PP FAE G915 2ol &5
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Analyzing 6.7E9 p 'Life cycle of KF-94 mask’;
Method: IMPACT 2002+ V2.15 / IMPACT 2002+ [ Characterization

Fig. 3. Environmental impact contribution of single-use face masks by life cycle.



F 30%, ZZQHEHPUR) 9%, &5 5%, Z2]9det 17
3%9] AR UERTh A2t °§ Pl iRt U3l
A G913 E E YT 710l 2= Fig. 400 At
At Agdtolxls L3lE viAT o] P AARE 7t
&9 npAH9] 2Pk Hlaste] 35t 19]. A3 A
TollAl= & Ao Aol fAkeH| AlRAS] 253 JTF
o] ZA|Y] F 60-90%F AA[ol= A= UEhtom, U3lE-
npA=9] 3P gRFo] 308 ARG 7Hsdt mhATo] SR
ofu] oF sHf =2 Ao= UEhth shARE APAtols=
A3}G mpA=o] Hi Ao ehsARt Aefstel7] el 2
Aol At AHA vluol= ARl St

U3}E miAA H7 Jﬂﬂoﬂfﬂ 7122 2020130 oigt 42t
2 i 81821 64%, 31%5 22 &7 70%, ™ 25%2] H]
S& 175 WiE 24 AsIth &7 - iy vlE
gl digt Lolg mhAs v 24 A3E Fig. 59 LPEHH
et YT B4 A, 1571 2E Gl A
P IF] Agt WskEo] oF 4% OJHE £10% o] 2
Hoke-g HolX| ith olF B3l 2etE nkaIe] HrlE
A7) vle Hoks AFY 2ol 2 9T VIAA o=

B Textile Incineration

B \waste Polyurethane
3%

4. 84 =

B 3= ) 9318 upATo] gk COVID-19 o] dx}

7 & SR A ERE Sstelon, ofet
o] 11 AIE [oRt 4 QU

= 43 vpAT AHRERS 20181 71 & 9F 269 A,
2020 71& & oF 679 7, 20229 71 & oF 399 =
APE|QiL). o2 Zo g FRASHE, 2018, 2020, 20222
A3] 8 tpAT A7 AH[EES ZF7} OF 12,194, 31,423, 18,291
EO0F et COVID-19 o]AQl 2018 = Y& uf
23 427 AP oF 189 71(69%), WH A== °F 79
MN26%), TEREFE F 19 TMGE%=E  APESI:
COVID-19 717191 2020 =1 D38 WA= 47 A2
OF 439 7H(64%), i A2 F 219 M(31%), EH=E
20 oF 39] 7j(5%)= Ut COVID-19 7]7R022d =+
W L3-8 A AzF AR oF 259 Il wiE A
oF 129 7N, EREF2 oF 29 AN(5%)= LhErtow, dix
2 27 AYEI IF= WYy AEE ]I

COVID-19 7|71R1 20209 =1} 7t A3}g npAd9] A

Remaining processes

/1%

Fig. 4. Environmental impact contributions of unit process of single—use face masks in global warming impact
category.
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Fig. 5. Sensitivity analysis results of single-use masks with changes of incineration and landfill rates.
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