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Introduction
Indoor air pollutants like particulate matter (PM2.5, PM10), Volatile Organic Compounds 

(VOC), oxides of carbon (COx), nitrogen (NOx), and sulfur (SOx) have caused serious threats 
to human health including allergies, pulmonary diseases, cardiac diseases, cancer risks, etc. 
[1-3]. To prevent adverse effects of indoor pollutants, technologies need to be developed 
to improve indoor air quality [4]. Adsorbent materials have been researched for indoor air 
pollution remediation [5]. Polymeric nanocomposites have emerged as effective adsorbent 
materials for indoor pollutant absorption and to attain safe Indoor Air Quality (IAQ) level 
[6-8]. The structure, high surface area, and pore structure of the nanocomposites have been 
found efficient to remove the indoor air pollutants [9]. Various aspects of pollutant adsorption 
through nanocomposites have been explored. Incidentally, the mechanism for indoor pollution 
mitigation using polymer nanocomponent adsorbents has been investigated [10]. This mini 
review basically comprehends the advantages of using polymer nanomaterial adsorbents, as 
compared to traditional adsorption materials [11]. This article gives viewpoints on further 
development of indoor air mitigation technologies using advanced adsorbent materials.

Traditional Adsorbents for Indoor Pollutants
Adsorbents consist of solid substances which have the ability to remove gaseous pollutants 

through adsorption process [12-14]. In this regard, adsorbents must have a large surface area, 
appropriate pore dimensions, and strong adsorption capacity [15]. Traditionally, carbon-
based adsorbent materials have been used [16]. These materials usually have low cost and 
good adsorption performance. Common adsorbent materials used are activated carbon [17], 
charcoal [18], zeolite [19], etc. The pore structure of these materials worked for remediation 
of air pollution [20]. The mitigation of indoor pollutants like VOC, large particulate matter, 
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and some noxious gases have been achieved using the traditional 
adsorbents [21,22]. 

IAQ Enhancement Using Polymer Nanocomposite 
Adsorbents

Efficiency of adsorbents for indoor air purification depends 
on the adsorption capacity of the material used, which is directly 
affected by their surface area [23-25]. Recently, polymers and 
polymeric nanocomposites have been researched as low-cost 
promising adsorbents for indoor pollutants [26]. The amalgamation 
of polymers and nanoparticles has enhanced the effectiveness 
of removing the pollutants from air [27]. The polymeric 
nanocomposite adsorbents have capability to remove particulate 
matter PM2.5, PM10, VOC, dust particles, smoke, and noxious gases 
like COx, NOx, and SOx [28-30]. Polymer nanocomposites have the 

ability to adsorb and decompose the indoor air pollutants (Figure 
1). On the nanocomposite surface, adsorption mechanisms like 
physical adsorption (hydrogen bonding, dipole-dipole interactions, 
hydrophobic interactions, etc.) and chemisorption (covalent 
bonding) have been found responsible for the indoor pollutant 
adsorption [31]. Common polymeric nanocomposites used in 
this regard include polymer/graphene [32], polymer/metal oxide 
[33], polymer/nanoclay [34], polymer/MOF [35], etc. Thus, the 
combination of polymer and nanoparticles has been observed as 
an effective way to purify the indoor air and to attain high IAQ level. 
Here, the adsorption capacity of nanocomposite was found to have 
linear relationship with the surface area [36]. Compared with the 
traditional adsorbent materials [37-39], polymeric nanocomposites 
have fairly high adsorption efficiency to gain safe IAQ for residential 
houses and buildings.

Figure 1: Mechanism of polymer nanocomposite adsorbent adsorbing indoor air pollutants.

According to our analysis, polymer nanocomposite adsorbents 
possess the advantages of low cost, facile synthesis, high efficiency, 
wide selection of precursors, and low energy inputs, in comparison to 
traditional carbon-based adsorbents [40]. Some studies are focused 
on the lifecycle assessment and economic analysis of polymer 
nanocomposite adsorbents [41]. Moreover, cost and performance 
analysis of the raw precursors, solvents, and operation parameters 
need to be assessed [42]. However, more efforts are recommended 
for the evaluation of the cost and environmental effects using the 
experiment and simulation methods [43,44]. All these features help 
to replace the conventional adsorbents for industrial applications 
[45,46]. Despite the progress made in this field, several existing 
challenges and possible solutions can be proposed. For future 
improvement, more combinations of polymers and nanomaterials 
need to be developed to efficiently separation of indoor pollutants 
[47]. Moreover, the synthesis-structure-performance relationships 
of novel adsorbents must be investigated [48,49].

Conclusion
Traditional adsorption materials possess limits of low 

adsorption capacity. The adsorption capacity of adsorbents 

depends on the material type, pores, and surface area. Hence, there 
is a need to remove indoor air pollution by developing and applying 
polymer nanocomposite adsorbents. Polymeric nanomaterials 
have been studied for adsorbing PM, VOC, and noxious gases, due 
to larger specific surface area and appropriate pore size. Polymeric 
nanocomposites act as functional molecular materials with ultra-
high adsorption capacity for indoor pollutants. Hence, nanomaterial 
adsorbents have helped to achieve high IAQ for indoor inhabitants 
and buildings.

References
1.	 Mawusi S, Shrestha P, Gao T, Liu M, Li Z, et al (2023) A laboratory 

assessment of how biomass pellets could reduce indoor air pollution, 
mitigate climate change and benefit health compared to other solid fuels 
used in Ghana Energy for Sustainable Development 72: 127-138

2.	 Nardocci AC, Nogueira T, de Almeida Piai K, Cavendish TA, Kumar P 
(2023) Indoor environment exposure and children health Current 
Opinion in Environmental Science & Health 32: 100449

3.	 Dwivedi S, Taushiba A, Zehra F, Gupta SK, Lawrence A (2023) Revelations 
to indoor air pollutants and health risk assessment on women: A case 
study Hygiene and Environmental Health Advances 5: 100038

4.	 Woo H, Koehler K, Putcha N, Lorizi W, McCormack, M, et al. (2023) 
Principal stratification analysis to determine health benefit of indoor 

https://www.x-mol.net/paper/article/1608935044353703936
https://www.x-mol.net/paper/article/1608935044353703936
https://www.x-mol.net/paper/article/1608935044353703936
https://www.x-mol.net/paper/article/1608935044353703936
https://www.sciencedirect.com/science/article/abs/pii/S2468584423000090
https://www.sciencedirect.com/science/article/abs/pii/S2468584423000090
https://www.sciencedirect.com/science/article/abs/pii/S2468584423000090
https://www.sciencedirect.com/science/article/pii/S2773049222000381
https://www.sciencedirect.com/science/article/pii/S2773049222000381
https://www.sciencedirect.com/science/article/pii/S2773049222000381
https://pubmed.ncbi.nlm.nih.gov/36669663/
https://pubmed.ncbi.nlm.nih.gov/36669663/


3

Polymer Sci Peer Rev J       Copyright © Ayesha Kausar

PSPRJ.000595. 4(4).2023

air pollution reduction in a randomized environmental intervention 
in COPD: Results from the CLEAN AIR study. Science of the Total 
Environment 868: 161573.

5.	 Zhu Q, Wang J, Zhang L, Yan D, Yang H, et al. (2023) Research progress of 
graphene for the adsorption, enrichment and analysis of environmental 
pollutants. Bulletin of Materials Science 46(1): 17.

6.	 Sheikh MSI, Islam MM, Hossai, MS, Islam MM (2023) 13 polymeric 
adsorbents, specialty polymers: fundamentals, properties, Applications 
and Advances p. 185.

7.	 Liu X, Li Y, Chen Z, Yang H, Cai Y, et al. (2023) Advanced porous 
nanomaterials as superior adsorbents for environmental pollutants 
removal from aqueous solutions. Critical Reviews in Environmental 
Science and Technology pp. 1-21.

8.	 Xia C, Li X, Wu Y, Suharti S, Unpaprom Y, et al. (2023) A review on 
pollutants remediation competence of nanocomposites on contaminated 
water. Environmental Research 222: 115318.

9.	 Wang L, Yu J, Wang X, Li J, Chen L (2023) Molecular imprinting-based 
nanocomposite adsorbents for typical pollutants removal. Journal of 
Hazardous Materials Letters 4: 100073.

10.	Yin J, Fang K, Li J, Du N, Hu D, et al. (2023) Competitive adsorption 
mechanisms of pigments in sugarcane juice on starch-based magnetic 
nanocomposites. International Journal of Biological Macromolecules 
231: 123134.

11.	Hua W, Xu H, Xie W (2022) Review on adsorption materials and system 
configurations of the adsorption desalination applications. Applied 
Thermal Engineering 204: 117958.

12.	Liu Y, Cui S, Wu P, Liu L, Dou Z, et al. (2023) Removal of gaseous elemental 
mercury using corn stalk biochars modified by green oxidation 
technology. Fuel Processing Technology 242: 107621.

13.	Raimondi IM, Vieira EM, Vaz L, Rodrigues V (2022) Comparison of 
sugarcane pressmud with traditional low-cost materials for adsorption 
of lead and zinc in mining areas. International Journal of Environmental 
Science and Technology 19(6): 4627-4644.

14.	Zhu X, Wan Z, Tsang DC, He M, Hou D, et al. (2021) Machine learning 
for the selection of carbon-based materials for tetracycline and 
sulfamethoxazole adsorption. Chemical Engineering Journal 406: 
126782.

15.	Hirscher M, Zhang L, Oh H (2023) Nanoporous adsorbents for hydrogen 
storage. Applied Physics A 129(2): 1-10.

16.	Ji Y, Xie R, Wu C, Liu X, Zhang X, et al. (2023) Cost-effective carbon-
based amine adsorbents for carbon capture: Equilibrium, kinetics and 
selectivity. Journal of CO2 Utilization 69: 102422.

17.	Wang B, Lan J, Bo C, Gong B, Ou J (2023) Adsorption of heavy metal onto 
biomass-derived activated carbon. RSC Advances 13 (7): 4275-4302.

18.	Chai Z, Liu B, Lv P, Bai Y, Wang J, et al. (2023) Recycling of coal gasification 
fine slag as ultra-high capacity adsorbents for the removal of Rhodamine 
B dye: Graded synthesis method, kinetics and adsorption mechanism. 
Fuel 333: 126318.

19.	Buzukashvili S, Sommerville R, Rowson NA, Waters KE (2023) An 
overview of zeolites synthesised from coal fly ash and their potential 
for extracting heavy metals from industrial wastewater. Canadian 
Metallurgical Quarterly pp. 1-23.

20.	Lan J, Wang B, Bo C, Gong B, Ou J (2023) Progress on fabrication and 
application of activated carbon sphere in recent decade. Journal of 
Industrial and Engineering Chemistry 120: 47-72.

21.	Cheng J, Cheng X, Wang Z, Hussain MB, Wang M (2023) Multifunctional 
carbon aerogels from typha orientalis for applications in adsorption: 
Hydrogen storage, CO2 capture and VOCs removal. Energy 263: 125984.

22.	Huang X, Tang M, Li H, Wang L, Lu S (2023) Adsorption of multicomponent 
VOCs on various biomass-derived hierarchical porous carbon: A study 

on adsorption mechanism and competitive effect. Chemosphere 313: 
137513.

23.	Ortega DE, Cortés-Arriagada D (2023) Atmospheric microplastics and 
nanoplastics as vectors of primary air pollutants-A theoretical study 
on the polyethylene terephthalate (PET) case. Environmental Pollution 
318: 120860.

24.	Taher T, Munandar A, Mawaddah N, Wisnubroto MS, Siregar PMSBN, 
et al. (2023) Synthesis and characterization of montmorillonite–Mixed 
metal oxide composite and its adsorption performance for anionic 
and cationic dyes removal. Inorganic Chemistry Communications 147: 
110231.

25.	Lei Y, Liu X, Zhang J, Dai Z, Zhao X, et al. (2023) A novel composite (ZIF-
8@ PEI-CC) with enhanced adsorption capacity and kinetics of methyl 
orange, Journal of Solid-State Chemistry 318: 123758.

26.	Goci MC, Leudjo Taka A, Martin L, Klink MJ (2023) Chitosan-based 
polymer nanocomposites for environmental remediation of mercury 
pollution. Polymers 15(3): 482.

27.	Chauhan P, Sharma M, Sharma R, Kumar D (2023) 12 polymeric 
nanocomposites, specialty polymers: fundamentals, properties. 
Applications and Advances p. 169.

28.	Siegel EL, Ghassabian A, Hipwell AE, Factor-Litvak P, Zhu Y, et al. (2023) 
Indoor and outdoor air pollution and couple fecundability: a systematic 
review. Human Reproduction Update 29(1): 45-70.

29.	Kapoor NR, Kumar A, Kumar A, Kumar A, Arora HC (2023) Prediction 
of indoor air quality using artificial intelligence, machine intelligence, 
big data analytics, and IoT in image processing. Practical Applications 
p. 447.

30.	Prasad BN, Reddy MU, Sivamani S, Balhaf LS, Mahad F, et al. (2022) 
Measurement of air quality parameters and their effects on meteorology 
in various zones of Salalah city, Oman. Science 1(1): 15-22.

31.	Ahmad S, Tanweer MS, Mir TA, Alam M, Ikram S, et al. (2023) 
Antimicrobial gum based hydrogels as adsorbents for the removal of 
organic and inorganic pollutants. Journal of Water Process Engineering 
51: 103377.

32.	De Jesús-González A, Rangel-Vázquez NA, De Velasco-Maldonado PS 
(2023) Thermodynamic and structural analysis of graphene/polymer 
nanocomposites for the adsorption of azo dyes present in binary mixed: 
Novel Materials for Environmental Remediation Applications pp. 509-
535.

33.	Anus A, Sheraz M, Kim S, Lee WR (2023) Visible light-activated 
photocatalytic activity of TiO2–crystal violet based superhydrophobic 
paint against VOCs in indoor air. Environmental Science: Advances 2(1): 
69-77.

34.	Sethy TR, Biswal T, Sahoo PK (2023) An indigenous tool for the 
adsorption of rare earth metal ions from the spent magnet e-waste: An 
eco-friendly chitosan biopolymer nanocomposite hydrogel. Separation 
and Purification Technology 309: 122935.

35.	Sigonya S, Mokhothu TH, Mokhena TC, Makhanya TR (2023) Mitigation 
of non-steroidal anti-inflammatory and antiretroviral drugs as 
environmental pollutants by adsorption using nanomaterials as viable 
solution-A critical review. Applied Sciences 13(2): 772.

36.	Jia Z, Ye X, Liu Y, Wang C, Cao C, et al. (2023) Metal-organic framework-
derived porous metal oxide/graphene nanocomposites as effective 
adsorbents for mitigating ammonia nitrogen inhibition in high 
concentration anaerobic digestion of rural organic waste. Fuel 332: 
126032.

37.	Kausar A, Ahmad I, Zhu T, Shahzad H, Eisa M (2023) Exigency for the 
control and upgradation of indoor air quality-forefront advancements 
using nanomaterials. Pollutants 3(1): 123-149.

38.	Kausar A, Ahmad I, Tianle Z, MH E (2023) Progressive indoor air quality 
management using nanocomposites derived filtration media. ACSR 3(3): 
1-3. 

https://pubmed.ncbi.nlm.nih.gov/36669663/
https://pubmed.ncbi.nlm.nih.gov/36669663/
https://pubmed.ncbi.nlm.nih.gov/36669663/
https://www.ias.ac.in/describe/article/boms/046/0017
https://www.ias.ac.in/describe/article/boms/046/0017
https://www.ias.ac.in/describe/article/boms/046/0017
https://www.tandfonline.com/doi/abs/10.1080/10643389.2023.2168473?journalCode=best20
https://www.tandfonline.com/doi/abs/10.1080/10643389.2023.2168473?journalCode=best20
https://www.tandfonline.com/doi/abs/10.1080/10643389.2023.2168473?journalCode=best20
https://www.tandfonline.com/doi/abs/10.1080/10643389.2023.2168473?journalCode=best20
https://pubmed.ncbi.nlm.nih.gov/36693465/
https://pubmed.ncbi.nlm.nih.gov/36693465/
https://pubmed.ncbi.nlm.nih.gov/36693465/
https://www.sciencedirect.com/science/article/pii/S2666911022000260
https://www.sciencedirect.com/science/article/pii/S2666911022000260
https://www.sciencedirect.com/science/article/pii/S2666911022000260
https://www.sciencedirect.com/science/article/abs/pii/S0141813023000028
https://www.sciencedirect.com/science/article/abs/pii/S0141813023000028
https://www.sciencedirect.com/science/article/abs/pii/S0141813023000028
https://www.sciencedirect.com/science/article/abs/pii/S0141813023000028
https://www.sciencedirect.com/science/article/abs/pii/S1359431121013788
https://www.sciencedirect.com/science/article/abs/pii/S1359431121013788
https://www.sciencedirect.com/science/article/abs/pii/S1359431121013788
https://www.sciencedirect.com/science/article/abs/pii/S1385894720329107
https://www.sciencedirect.com/science/article/abs/pii/S1385894720329107
https://www.sciencedirect.com/science/article/abs/pii/S1385894720329107
https://www.sciencedirect.com/science/article/abs/pii/S1385894720329107
https://link.springer.com/article/10.1007/s00339-023-06397-4
https://link.springer.com/article/10.1007/s00339-023-06397-4
https://www.sciencedirect.com/science/article/pii/S2212982023000331
https://www.sciencedirect.com/science/article/pii/S2212982023000331
https://www.sciencedirect.com/science/article/pii/S2212982023000331
https://pubs.rsc.org/en/content/articlelanding/2023/ra/d2ra07911a
https://pubs.rsc.org/en/content/articlelanding/2023/ra/d2ra07911a
https://www.sciencedirect.com/science/article/abs/pii/S0016236122031428
https://www.sciencedirect.com/science/article/abs/pii/S0016236122031428
https://www.sciencedirect.com/science/article/abs/pii/S0016236122031428
https://www.sciencedirect.com/science/article/abs/pii/S0016236122031428
https://www.tandfonline.com/doi/full/10.1080/00084433.2022.2160576
https://www.tandfonline.com/doi/full/10.1080/00084433.2022.2160576
https://www.tandfonline.com/doi/full/10.1080/00084433.2022.2160576
https://www.tandfonline.com/doi/full/10.1080/00084433.2022.2160576
https://www.sciencedirect.com/science/article/abs/pii/S1226086X22007596
https://www.sciencedirect.com/science/article/abs/pii/S1226086X22007596
https://www.sciencedirect.com/science/article/abs/pii/S1226086X22007596
https://www.sciencedirect.com/science/article/abs/pii/S0360544222028705
https://www.sciencedirect.com/science/article/abs/pii/S0360544222028705
https://www.sciencedirect.com/science/article/abs/pii/S0360544222028705
https://www.sciencedirect.com/science/article/abs/pii/S0045653522040061
https://www.sciencedirect.com/science/article/abs/pii/S0045653522040061
https://www.sciencedirect.com/science/article/abs/pii/S0045653522040061
https://www.sciencedirect.com/science/article/abs/pii/S0045653522040061
https://www.sciencedirect.com/science/article/abs/pii/S0269749122020759
https://www.sciencedirect.com/science/article/abs/pii/S0269749122020759
https://www.sciencedirect.com/science/article/abs/pii/S0269749122020759
https://www.sciencedirect.com/science/article/abs/pii/S0269749122020759
https://www.sciencedirect.com/science/article/pii/S1387700322010395
https://www.sciencedirect.com/science/article/pii/S1387700322010395
https://www.sciencedirect.com/science/article/pii/S1387700322010395
https://www.sciencedirect.com/science/article/pii/S1387700322010395
https://www.sciencedirect.com/science/article/pii/S1387700322010395
https://www.sciencedirect.com/science/article/abs/pii/S0022459622008830
https://www.sciencedirect.com/science/article/abs/pii/S0022459622008830
https://www.sciencedirect.com/science/article/abs/pii/S0022459622008830
https://pubmed.ncbi.nlm.nih.gov/36771779/
https://pubmed.ncbi.nlm.nih.gov/36771779/
https://pubmed.ncbi.nlm.nih.gov/36771779/
https://pubmed.ncbi.nlm.nih.gov/35894871/
https://pubmed.ncbi.nlm.nih.gov/35894871/
https://pubmed.ncbi.nlm.nih.gov/35894871/
http://www.ijgees.com/article/111522.pdf
http://www.ijgees.com/article/111522.pdf
http://www.ijgees.com/article/111522.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2214714422008212
https://www.sciencedirect.com/science/article/abs/pii/S2214714422008212
https://www.sciencedirect.com/science/article/abs/pii/S2214714422008212
https://www.sciencedirect.com/science/article/abs/pii/S2214714422008212
https://pubs.rsc.org/en/content/articlelanding/2023/va/d2va00120a
https://pubs.rsc.org/en/content/articlelanding/2023/va/d2va00120a
https://pubs.rsc.org/en/content/articlelanding/2023/va/d2va00120a
https://pubs.rsc.org/en/content/articlelanding/2023/va/d2va00120a
https://www.sciencedirect.com/science/article/abs/pii/S1383586622024923
https://www.sciencedirect.com/science/article/abs/pii/S1383586622024923
https://www.sciencedirect.com/science/article/abs/pii/S1383586622024923
https://www.sciencedirect.com/science/article/abs/pii/S1383586622024923
https://www.sciencedirect.com/science/article/abs/pii/S0016236122028563
https://www.sciencedirect.com/science/article/abs/pii/S0016236122028563
https://www.sciencedirect.com/science/article/abs/pii/S0016236122028563
https://www.sciencedirect.com/science/article/abs/pii/S0016236122028563
https://www.sciencedirect.com/science/article/abs/pii/S0016236122028563
https://crimsonpublishers.com/acsr/pdf/ACSR.000565.pdf
https://crimsonpublishers.com/acsr/pdf/ACSR.000565.pdf
https://crimsonpublishers.com/acsr/pdf/ACSR.000565.pdf


4

Polymer Sci Peer Rev J

PSPRJ.000595. 4(4).2023

      Copyright © Ayesha Kausar

39.	Kausar A, Ahmad I, Tianle Z, MH E (2023) Advanced nanomaterials as 
UV photocatalysts for IAQ monitoring. ACSR 3(4): 1-3.

40.	Chua SF, Nouri A, Ang WL, Mahmoudi E, Mohammad AW, et al. 
(2021) The emergence of multifunctional adsorbents and their role 
in environmental remediation. Journal of Environmental Chemical 
Engineering 9(1): 104793.

41.	Gkika DA, Liakos EV, Vordos N, Kontogoulidou C, Magafas L, et al. (2019) 
Cost estimation of polymeric adsorbents. Polymers 11(5): 925.

42.	Iwuozor KO, Ighalo JO, Ogunfowora LA, Adeniyi AG, Igwegbe CA (2021) 
An empirical literature analysis of adsorbent performance for methylene 
blue uptake from aqueous media, Journal of Environmental Chemical 
Engineering 9(4): 105658.

43.	Bin-Dahman OA, Saleh TA (2022) Synthesis of polyamide grafted on 
biosupport as polymeric adsorbents for the removal of dye and metal 
ions. Biomass Conversion and Biorefinery pp. 1-14.

44.	Guo X, Wang J (2019) A general kinetic model for adsorption: theoretical 
analysis and modeling. Journal of Molecular Liquids 288: 111100.

45.	Agboola O, Fayomi OSI, Ayodeji A, Ayeni AO, Alagbe EE, et al. (2021) A 
review on polymer nanocomposites and their effective applications in 
membranes and adsorbents for water treatment and gas separation. 
Membranes 11(2): 139.

46.	Ejeian M, Wang R (2021) Adsorption-based atmospheric water 
harvesting. Joule 5(7): 1678-1703.

47.	Saleh TA, Tuzen M, Sarı A, Altunay N (2022) Factorial design, physical 
studies and rapid arsenic adsorption using newly prepared polymer 
modified perlite adsorbent, Chemical Engineering Research and Design 
183: 181-191.

48.	Zhu L, Shen D, Luo KH (2020) A critical review on VOCs adsorption 
by different porous materials: Species, mechanisms and modification 
methods. Journal of Hazardous Materials 389: 122102.

49.	Wang H, Yang Y, Yuan X, Teo WL, Wu Y, et al. (2022) Structure–
performance correlation guided applications of covalent organic 
frameworks. Materials Today 53: 106-133.

https://crimsonpublishers.com/acsr/pdf/ACSR.000567.pdf
https://crimsonpublishers.com/acsr/pdf/ACSR.000567.pdf
https://www.sciencedirect.com/science/article/abs/pii/S2213343720311428
https://www.sciencedirect.com/science/article/abs/pii/S2213343720311428
https://www.sciencedirect.com/science/article/abs/pii/S2213343720311428
https://www.sciencedirect.com/science/article/abs/pii/S2213343720311428
https://www.sciencedirect.com/science/article/abs/pii/S2213343721006357
https://www.sciencedirect.com/science/article/abs/pii/S2213343721006357
https://www.sciencedirect.com/science/article/abs/pii/S2213343721006357
https://www.sciencedirect.com/science/article/abs/pii/S2213343721006357
https://www.sciencedirect.com/science/article/abs/pii/S0167732219310591
https://www.sciencedirect.com/science/article/abs/pii/S0167732219310591
https://pubmed.ncbi.nlm.nih.gov/33669424/
https://pubmed.ncbi.nlm.nih.gov/33669424/
https://pubmed.ncbi.nlm.nih.gov/33669424/
https://pubmed.ncbi.nlm.nih.gov/33669424/
https://www.sciencedirect.com/science/article/pii/S2542435121001781
https://www.sciencedirect.com/science/article/pii/S2542435121001781
https://www.sciencedirect.com/science/article/abs/pii/S0263876222002039
https://www.sciencedirect.com/science/article/abs/pii/S0263876222002039
https://www.sciencedirect.com/science/article/abs/pii/S0263876222002039
https://www.sciencedirect.com/science/article/abs/pii/S0263876222002039
https://www.sciencedirect.com/science/article/abs/pii/S0304389420300881
https://www.sciencedirect.com/science/article/abs/pii/S0304389420300881
https://www.sciencedirect.com/science/article/abs/pii/S0304389420300881
https://www.sciencedirect.com/science/article/abs/pii/S1369702122000347
https://www.sciencedirect.com/science/article/abs/pii/S1369702122000347
https://www.sciencedirect.com/science/article/abs/pii/S1369702122000347

	References

