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Abstract   

Black carbon aerosol is able to absorb solar radiation and the earth's sur-

face, which results in the warming of the air. In addition, aerosols that are 

directly absorbed through inhalation can have a negative impact on human 

health. Meanwhile, the ability of air to reduce the level of pollution is the 

deconcentrating of pollutants through abiotic mechanisms in the form of 

distribution, dilution, precipitation and washing when it rains. To strength-

en the abiotic approach, this study aims to develop a biotic strategy by pre-

paring plants capable of deconcentrating black carbon. The research meth-

od is based on a literature review, which specifically addresses the issue of 

black carbon. Literature is collected from the Mendeley platform and en-

riched through resource searches in open-access journals. The results ob-

tained are cleaning priorities for the closest source of aerosol generation, 

plant placement in priority areas, selection of plant species, intensification 

of vegetation quality and management of land cover extensification. The 

contribution of biotic strategies and phytoremediation pathways enhances 

the aerosol cleaning process. Plant maintenance and regeneration deter-

mine the sustainability of aerosol phytoremediation.   
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Introduction   

Aerosols are microparticles in solid or liquid form suspended in the air origi-

nating from natural and anthropogenic activities. The nature of aerosols 

that absorb sunlight on a bright day and infrared radiation from the earth's 

surface at night, mainly refers to black carbon (BC) (1-4). Aerosols contain-

ing BC produce a warming effect on the air, which distinguishing it from re-

flectors of radiation, such as aerosols from volcanic eruptions and sulfur 

dioxide emissions (5, 6). 

 Sources of BC generation are particulate soot that comes from burn-

ing fossil fuels and coal, as well as the use of rubber-based products. Based 

on the source of origin, BC is widespread from indoor buildings to the air, 

water, and land environment through various human movement activities. 

Meanwhile, the main content of BC is a polycyclic aromatic hydrocarbon 

(PAH), which has carcinogenic properties (7). Therefore, the potential nega-

tive effects of BC are environmental multimedia, both on abiotic and biotic 

elements. In addition, the negative effects of BC have the potential to threat-

en human health, which are associated with sick building syndrome (8), and 
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upper respiratory infections, cardiovascular disease, can-

cer and birth defects (9). 

 The problem of BC dispersion and its negative 

effects need to be controlled to maintain the quality of 

environmental health. Control of BC can be through an 

abiotic environmental approach. Reducing the use of fossil 

fuels and coal by increasing the use of renewable energy 

has been promoted globally (10-12). Carbon reduction can 

use carbon capture and storage (CCS) technology through 

various means including membranes and carbonation 

(13), carbon-based material recycling (14), and other 

methods that are compatible and mutually supportive. 

Abiotic control also works naturally in the air (15). Ambient 

air volume is capable of diluting pollutants (16). Air dy-

namics with changes in pressure and temperature are able 

to disperse pollutants, both convectively and diffusively 

(17). It is a common fact that the rainy season is also able 

to wash pollutants from the air onto land and water. 

 However, this research focuses on biotic control 

with the use of plants. Besides, plants are essential crea-

tures for the needs of all living things because of their abil-

ity to produce oxygen, plants are considered capable of 

processing various pollutants. Thus, the aim of this study 

is to provide plant strategies to reduce BC concentrations 

in aerosols. This plant empowerment strategy includes 

controlling BC at the building and environmental scale.    

 

Materials and Methods   

This study method uses the Mendeley Manager platform to 

collect literature using search terms: black carbon, phy-

toremediation. Selection of literature using criteria: open 

access journals, in English, discussing plant processes in 

removing air pollutants. Sources of scientific information 

were also collected from open-access journals using selec-

tion criteria: black carbon processes, plant processes, ex-

perience in different places and results of recent research. 

 The problems of black carbon were identified as 

sources of generation, environmental distribution, interac-

tive nature between black carbon and the environment, 

and negative effects on the environment and humans. The 

formulation of the problem solution is focused on prepar-

ing plant empowerment strategies to overcome air cooling 

and reduce negative effects on health. The role of plants 

identified phytoremediation pathways and the ability of 

plants to process black carbon.  

 

Results and Discussion   

Plant Strategies           

Placement on aerosol sources         

Plant placement effectively is at the source of aerosol gen-

eration. This is because once a pollutant is released into 

the air, its control involves more environmental media (18) 

in addition to prolonging pollutant transport. This strategy 

directs the placement of plants in buildings and transport 

roads. Buildings that have the potential to produce BC 

aerosols are related to the activity of using fossil fuels, and 

equipment made from rubber. Next up is the source of 

aerosol-generating on transportation roads. Placement of 

plants along roadsides and road medians is effective in 

preventing spread to the wider environment. Some studies 

have proven that the presence of plants along the road 

shortens the transport of pollutants while reducing the 

concentration of pollutants (19, 20).  

Priority areas           

Both indoor and outdoor places have physical media in the 

form of air, water and soil. In general, buildings have a 

much larger volume of air than the volume of soil and wa-

ter. Direct short-term control of BC aerosols may depend 

on dilution of the pollutant by air, and long-term control of 

various soil and water reactions in the long term. There-

fore, the priority areas in a building are indoor, carport, 

facade, yard and fence. There is a considerable amount of 

research on the ability of houseplants to remove indoor 

pollutants (21-23). Plants that have an air-cooling effect 

are preferred, because they have a high transpiration rate 

and are easy to grow indoors, such as Bird's nest fern 

(Asplenium nidus Linn.) (24) and Murraya exotica L (25). For 

outdoor plants, there are Kadam (Anthocephalus chinensis 

L.), Benjamin fig. (Ficus benjamina L.), Dhauri 

(Lagerstroemia floribunda L.), Mango (Mangifera indica L.), 

and Yellow Goldmohur (Peltophorum africanum L.) (26).  

Plant selection            

It is important to pay attention to the selected plants 

which are not for human consumption, and the existence 

of plant species that actually endanger human health (27). 

One case of poisoning by the indoor plant Nerium olean-

der gave clinical symptoms characterized by drowsiness, 

nausea, vomiting, diarrhea and clinical features including 

cardiovascular and central nervous system (28). Thus, the 

strategy of selecting plant species for both indoor and out-

door is important and necessary, so that the purpose of 

environmental health does not have side effects on human 

health. 

 Plant selection also needs to consider the ability to 

capture aerosols. Aerial plants, especially leaves, are an 

effective medium for capturing aerosols. In this case, it is 

necessary to consider choosing the type of plant with nar-

row leaves rather than broad leaves (29). For the same 

weight, narrow leaves have a larger total area than broad 

leaves, as the principle of particle deposition in solid me-

dia (30). Therefore, with narrow-leaved plants are ex-

pected to be able to capture a lot of aerosols.  

 The next selection consideration is plants that are 

capable of processing aerosol substances deposited in 

their growth media. The particulate aerosols caught by the 

leaves in turn fall into the growth medium, either due to 

gravity or water spraying. Coupled with particulates that 

are directly caught by the growth medium, all particulates 

need to be stabilized in place, so as not to spread out of 

the growth medium. In this regard, plant species with high 

transpiration capacity are needed. The rate of transpira-

tion of plants from their growth media is an indicator of 

the ability of plants to absorb contaminants from their 

growth media (31-33). This transpiration rate is important 
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to maximize pollutants stability in the growing medium 

and undergo a process of elimination by plants. 

 An equally important consideration is the selection 

of local wisdom plant species. This consideration relates 

to social acceptance in its implementation. In some places 

people have used plants of local wisdom (34, 35). There 

are plants that have become cultural beliefs of the com-

munity and as herbal medicinal plants (36). 

Plant diversity         

The strategy for intensifying the use of plants can be in the 

form of increasing the quality of vegetation cover. Quality 

improvement is in the form of increasing biodiversity (37-

39) for existing greenspaces in order to eliminate various 

kinds of pollutants. Various types of outdoor plants have 

been adequately investigated for their ability to remove 

aerosols, especially PAHs (40-42).  

 In addition to species diversity, plant height diversi-

ty is also required. Plant height diversity can be formed 

when maintenance and periodic pruning. Plant height di-

versity can be formed when maintenance and periodic 

pruning. This activity aims to regenerate and increase gas 

absorption capacity (43-45), while maximizing aerosol cap-

ture. 

Canopy extension           

In the management strategy, extensification of greenspace 

is a land cover method of any landscape to reduce evapo-

ration (46) and treat aerosol (47, 48). The existence of 

greenspace is proven, among others, to be able to move 

gas from the air to the vegetation area (49, 50). Therefore, 

the vegetation cover absorbs many of the pollutants con-

tained in the aerosol to minimize dispersal into the air. In 

addition to the aerosol pollutant reduction effect, the 

presence of greenspace provides a cooling effect due to 

the shade of the trees from exposure to sunlight (51). 

Phytoremediation pathway          

Plant processes            

In general, phytoremediation describes the process of 

plants in eliminating pollutants from the environment. It is 

a part of phytotechnology that studies and prepares solu-

tions to environmental problems by empowering plants 

(52). Plant empowerment is focused on environmental 

quality management and treatment for various pollutants 

and media (53). In connection with global warming that is 

increasingly evident today, an increase in the earth's sur-

face temperature can increase water evapotranspiration 

(54) and the earth's surface in the form of aerosols, which 

carry various physical, chemical and biological substances 

into the air (55, 56). Considering the role of plants in re-

moving pollutants (57, 58), the aerosol pathway in the phy-

toremediation process is described as presented in Fig.1.  

 Upward movement of aerosols can be influenced by 

plant leaf crowns through inhibition, filtration and absorp-

tion of leaf stomata. Some of the dissipated aerosol can be 

deposited on the leaves, which are washed into the soil 

when it rains. Some aerosols with a density exceeding air 

are directly deposited on the ground. Gaseous aerosols 

absorbed by leaf stomata can be processed in plants, and 

aerosols dissolved in water can be processed by plants 

through various processes in the root zone and in plants 

(59, 60).  

Fig. 1. Aerosol capture phytoremediation pathways.  
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 Therefore, there are phytoremediation pathways 

that operate based on interactions between aerosols and 

plant leaves via air transport and dilution mechanisms. 

This air path can be referred to as aerosol capture phytore-

mediation. This is followed by a phytoremediation path-

way that works between aerosols and plant media, i.e., soil 

for terrestrial plants and water for aquatic plants. 

 The output of aerosol processing by plants is a de-

crease in aerosol concentration. In addition to the foliage 

shading effect, for the capture of heat-absorbing BC, the 

phytoremediation output is in the form of an air-cooling 

effect. 

Sustainable design         

For the sustainability of aerosol phytoremediation is plant 

maintenance. The implementation required is regenera-

tion in the form of pruning branches, twigs, and leaves. 

Leaf pruning is a must with the aim of increasing gas and 

particulate assimilation capacity (61, 62). The assimilation 

capacity includes the absorption of carbon dioxide, which 

carries various gaseous pollutants. In this regard, ecologi-

cally, the ability of plant functions can be maximized if 

exposure to solar energy can be absorbed efficiently. For 

each type of plant, high solar energy efficiency will be ob-

tained for heterogeneous canopy conditions and pruning 

of leaves at the bottom. The rough canopy allows solar 

radiation to be captured by many of the leaves. Multi-

layered leaves allow for maximum absorption. Meanwhile, 

the lower leaves, which do not receive enough solar ener-

gy, undergo the breakdown of biomass into carbon diox-

ide. Thus, in order to increase the assimilation capacity of 

gaseous pollutants and prevent the loss of biomass, the 

correct pruning pattern is the upper and lower leaves.  

 Sustainable aerosol capture phytoremediation is 

also designed for buildings and transportation roads. Hu-

mans live about 80-90% a day in buildings (63-65),         

wherever they are. Meanwhile, the duration of exposure to 

BC aerosol is in the building. Therefore, the habit of plac-

ing decorative plants, and familiarizing them with new 

ones is a strategic design to combat BC aerosols. The stra-

tegic value of decorative plants in buildings is the preven-

tion of sick building syndrome (8, 18), especially the health 

effects of occupants. 

 Transport roads also need to be designed with plant 

placement. Its placement in road medians and/or road-

sides is effective for deconcentrating aerosols. Its strategic 

value is mainly to localize the horizontal distribution of 

aerosols (57, 66, 67), while the effect of upward scattering 

of aerosols can be accomplished by air dilution.  

 

Conclusion   

Cleansing of carbon black aerosol emissions is carried out 

through deconcentration of various media. Air works for 

dilution and dispersal. The existence of plants is to capture 

the spread of aerosols, and together with the growth medi-

um to carry out pollutant treatment. For the effectiveness 

of aerosol capture phytoremediation, priority strategies, 

including plant placement in aerosol sources, buildings, 

transportation roads, plant diversity and canopy expan-

sion. This aerosol phytoremediation must be continuous, 

requiring periodic maintenance and regeneration by 

means of pruning of upper and lower leaves.  

 It is recommended to provide design criteria for 

plant placement, both indoor and outdoor, as well as plant 

regeneration protocols. Empirical studies are needed on 

plant species capable of eliminating specific pollutants. 

This includes the aerosol deconcentration rate, which is 

locally accepted as it dictates its implementation.   

 

Acknowledgments    

The authors would like to thank Universitas Islam Negeri 

Maulana Malik Ibrahim, Malang; Universitas Diponegoro, 

Semarang; Institut Teknologi Sepuluh Nopember, Suraba-

ya for providing facilities to carry out this work.  

 

Authors contributions   

HS carried out conception, design, acquisition of data, 

analysis and interpretation of data, drafting the manu-

script, and revising it, focusing on indoor environment. GS 

carried out as HS contributes, focusing on outdoor envi-

ronment. SM conducted as contributed by HS and GS with 

the addition of processes, strategies and correspondence. 

All authors read and approved the final manuscript.  

 

Compliance with ethical standards   

Conflict of interest: The authors declare no potential con-

flict of interest affecting this work.  

Ethical issues: Ethical issues including plagiarism, in-

formed consent, misconduct, data fabrication and/or falsi-

fication, double publication and/or submission, redundan-

cy, etc. have been completely observed by the authors.  

 

References   

1. Andreae MO, Gelencsér A. Black carbon or brown carbon? The 

nature of light-absorbing carbonaceous aerosols. Atmospheric 
Chem Phys. 2006;6:3131-48. https://doi.org/10.5194/acp-6-3131

-2006 

2. Bond TC, Bergstrom RW. Light absorption by carbonaceous 
particles: An investigative review. Aerosol Sci Technol. 

2006;40:27-67. https://doi.org/10.1080/02786820500421521 

3. USEPA O. Report to Congress on Black Carbon. US Environmen-
tal Protection Agency; 2012. 

4. Long CM, Nascarella MA, Valberg PA. Carbon black vs. black 

carbon and other airborne materials containing elemental car-
bon: Physical and chemical distinctions. Environ Pollut. 

2013;181:271-86. https://doi.org/10.1016/j.envpol.2013.06.009 

5. USEPA O. Basics of Climate Change 2021. https://www.epa.gov/
climatechange-science/basics-climate-change (accessed May 

13, 2022). 

6. Andersson SM, Martinsson BG, Friberg J, Brenninkmeijer CAM, 
Rauthe-Schöch A, Hermann M, et al. Composition and evolution 

of volcanic aerosol from eruptions of Kasatochi, Sarychev and 
Eyjafjallajökull in 2008-2010 based on CARIBIC observations. 

Atmospheric Chem Phys. 2013;13:1781-96. https://
doi.org/10.5194/acp-13-1781-2013 

https://plantsciencetoday.online
https://doi.org/10.5194/acp-6-3131-2006
https://doi.org/10.5194/acp-6-3131-2006
https://doi.org/10.1080/02786820500421521
https://doi.org/10.1016/j.envpol.2013.06.009
https://www.epa.gov/climatechange-science/basics-climate-change
https://www.epa.gov/climatechange-science/basics-climate-change
https://doi.org/10.5194/acp-13-1781-2013
https://doi.org/10.5194/acp-13-1781-2013


5 

Plant Science Today, ISSN 2348-1900 (online) 

7. Deka P, Medhi C, Bhuyan P, Gope M, Balachandran S, Rafiqul 

Hoque R. Understanding exposure risks of women and children 
to PAHs in biomass using households of Brahmaputra valley. J 

Air Pollut Health. 2022;7:33-50. https://doi.org/10.18502/
japh.v7i1.8918 

8. Samudro H, Samudro G, Mangkoedihardjo S. Prevention of 

indoor air pollution through design and construction certifica-
tion: A review of the sick building syndrome conditions. J Air 

Pollut Health. 2022;7:81-94. https://doi.org/10.18502/
JAPH.V7I1.8922 

9. USEPA O. Black carbon research and future strategies: Reducing 

emissions, improving human health and taking action on cli-
mate change. Sci Action. 2011:2. 

10. USEPA O. Sources of greenhouse gas emissions. 2015. https://

www.epa.gov/ghgemissions/sources-greenhouse-gas-
emissions (accessed October 2, 2022). 

11. IPCC. Energy Systems. Clim. Change 2014 Mitig. Clim. Change 

Contrib. Work. Group III Fifth Assess. Rep. Intergov. Panel Clim. 
Change, USA: Cambridge University Press; 2014. 

12. Johnsson F, Kjärstad J, Rootzén J. The threat to climate change 
mitigation posed by the abundance of fossil fuels. Clim Policy. 

2019;19:258-74. https://doi.org/10.1080/14693062.2018.1483885 

13. Moazzem S, Rasul MG, Khan MMK. A review on technologies for 
reducing CO2 emission from coal fired power plants. In: Rasul M, 

editor. Therm. Power Plants, Rijeka: IntechOpen; 2012. https://

doi.org/10.5772/31876 

14. Hillman K, Damgaard A, Eriksson O, Jonsson D, Fluck  lena. Cli-
mate Benefits of Material Recycling Inventory of Average Green-
house Gas Emissions for Denmark, Norway and Sweden. Nordic 

Council of Ministers; 2015. https://doi.org/10.6027/TN2015-547 

15. Kgabi NA, Mokgwetsi T. Dilution and dispersion of inhalable 
particulate matter, Western Cape, South Africa: 2009, p. 229-38. 

https://doi.org/10.2495/RAV090201 

16. Ganev K, Syrakov D, Todorova A, Gadzhev G, Miloshev N, 
Prodanova M. Study of regional dilution and transformation 

processes of the air pollution from road transport. Int J Environ 
Pollut. 2011;44:62-70. https://doi.org/10.1504/IJEP.2011.038403 

17. Giovannini L, Ferrero E, Karl T, Rotach MW, Staquet C, Trini Cas-
telli S et al. Atmospheric pollutant dispersion over complex 
terrain: Challenges and needs for improving air quality meas-

urements and modeling. Atmosphere. 2020;11:646. https://

doi.org/10.3390/atmos11060646 

18. Samudro H, Samudro G, Mangkoedihardjo S. Retrospective 
study on indoor bioaerosol - Prospective improvements to ar-
chitectural criteria in building design. Israa Univ J Appl Sci. 

2022;6:23-41. https://doi.org/10.52865/LSBY9811 

19. Rai PK. Biodiversity of roadside plants and their response to air 
pollution in an Indo-Burma hotspot region: implications for 

urban ecosystem restoration. J Asia-Pac Biodivers. 2016;9:47-

55. https://doi.org/10.1016/j.japb.2015.10.011 

20. Aricak B, Cetin M, Erdem R, Sevik H, Cometen H. The usability of 
Scotch Pine (Pinus sylvestris) as a biomonitor for traffic-
originated heavy metal concentrations in Turkey. Pol J Environ 

Stud. 2020;29:1051-77. https://doi.org/10.15244/pjoes/109244 

21. Suárez-Cáceres GP, Pérez-Urrestarazu L. Removal of volatile 
organic compounds by means of a felt-based living wall using 

different plant species. Sustain Switz. 2021;13:6393. https://

doi.org/10.3390/su13116393 

22. Gawrońska H, Bakera B. Phytoremediation of particulate matter 
from indoor air by Chlorophytum comosum L. plants. Air Qual 
Atmosphere Health. 2015;8:265-72. https://doi.org/10.1007/

s11869-014-0285-4 

23. Samudro H, Mangkoedihardjo S. Indoor phytoremediation using 
decorative plants: An overview of application principles. J Phy-

tol. 2021;13:28-32. https://doi.org/10.25081/jp.2021.v13.6866 

24. Su YM, Lin CH. Removal of indoor carbon dioxide and formalde-
hyde using green walls by bird nest fern. Hortic J. 2015;84:69-76. 

https://doi.org/10.2503/hortj.CH-114 

25. Zhang R. Cooling effect and control factors of common shrubs 
on the urban heat island effect in a southern city in China. Sci 

Rep. 2020;10:17317. https://doi.org/10.1038/s41598-020-74559-y 

26. Gupta SK, Ram J, Singh H. Comparative study of transpiration in 
cooling effect of tree species in the atmosphere. J Geosci Envi-

ron Prot. 2018;6:151-66. https://doi.org/10.4236/gep.2018.68011 

27. Wu G fen, Long M hua, Qiao S yu, Zhao T yue, Zhang H min. 
Source analysis and risk assessment of PAHs in Vigna unguicula-

ta（Linn.）Walp in different culture environments. J Agro-

Environ Sci. 2018;37:2651-59. https://doi.org/10.11654/

jaes.2018-1075 

28. Radenkova-Saeva J, Atanasov P. Cardiac glycoside plants self-
poisoning. Acta Medica Bulg. 2014;41:99-104. https://

doi.org/10.2478/amb-2014-0013 

29. Son D, Kim KJ, Jeong NR, Yun HG, Han SW, Kim J et al. The im-
pact of the morphological characteristics of leaves on particu-

late matter removal efficiency of plants. J People Plants Envi-
ron. 2019;22:551-61. https://doi.org/10.11628/

ksppe.2019.22.6.551 

30. Hill KD, Beecham S. The effect of particle size on sediment accu-
mulation in permeable pavements. Water. 2018;10:403. https://

doi.org/10.3390/w10040403 

31. Ludang Y, Mangkoedihardjo S. Leaf area based transpiration 
factor for phytopumping of high organic matter concentration. 

J Appl Sci Res. 2009;5:1416-20. 

32. Eichelmann E, Mantoani MC, Chamberlain SD, Hemes KS, Oi-
kawa PY, Szutu D et al. A novel approach to partitioning evapo-
transpiration into evaporation and transpiration in flooded 

ecosystems. Glob Change Biol. 2022;28:990-1007. https://

doi.org/10.1111/gcb.15974 

33. Mangkoedihardjo S. Leaf area for phytopumping of wastewater. 
Appl Ecol Environ Res. 2007;5:37-42. https://doi.org/10.15666/

aeer/0501_037042 

34. Du Y, Liu Y, Liu B, Wang T. Complete chloroplast genome of Calli-
carpa formosana Rolfe, a famous ornamental plant and tradi-
tional medicinal herb. Mitochondrial DNA Part B. 2020;5:3383-

84. https://doi.org/10.1080/23802359.2020.1820399 

35. Kumar S, Das G, Shin H-S, Kumar P, Patra JK. Diversity of plant 
species in the steel city of Odisha, India: Ethnobotany and impli-

cations for conservation of urban bio-Resources. Braz Arch Biol 

Technol. 2018;61:e18160650. https://doi.org/10.1590/1678-4324
-2017160650 

36. Jaya HP, Ludang Y, Mangkoedihardjo S. Development of tradi-
tional medicinal plants on peatland conditions in Central Kali-

mantan. J Phytol. 2022;14:24-30. https://doi.org/10.25081/

jp.2022.v14.7184 

37. Samudro G, Mangkoedihardjo S. Mixed plant operations for 
phytoremediation in polluted environments – a critical review. J 

Phytol. 2020;12:99-103. https://doi.org/10.25081/
jp.2020.v12.6454 

38. Wood E, Harsant A, Dallimer M, Cronin de Chavez A, McEachan 
RRC, Hassall C. Not all green space is created equal: Biodiversity 

predicts psychological restorative benefits from urban green 

space. Front Psychol. 2018;9:2320. https://doi.org/10.3389/
fpsyg.2018.02320 

39. Southon GE, Jorgensen A, Dunnett N, Hoyle H, Evans KL. Per-

ceived species-richness in urban green spaces: Cues, accuracy 
and well-being impacts. Landsc Urban Plan. 2018;172:1-10. 

https://doi.org/10.1016/j.landurbplan.2017.12.002 

https://doi.org/10.18502/japh.v7i1.8918
https://doi.org/10.18502/japh.v7i1.8918
https://doi.org/10.18502/JAPH.V7I1.8922
https://doi.org/10.18502/JAPH.V7I1.8922
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://doi.org/10.1080/14693062.2018.1483885
https://doi.org/10.5772/31876
https://doi.org/10.5772/31876
https://doi.org/10.6027/TN2015-547
https://doi.org/10.2495/RAV090201
https://doi.org/10.1504/IJEP.2011.038403
https://doi.org/10.3390/atmos11060646
https://doi.org/10.3390/atmos11060646
https://doi.org/10.52865/LSBY9811
https://doi.org/10.1016/j.japb.2015.10.011
https://doi.org/10.15244/pjoes/109244
https://doi.org/10.3390/su13116393
https://doi.org/10.3390/su13116393
https://doi.org/10.1007/s11869-014-0285-4
https://doi.org/10.1007/s11869-014-0285-4
https://doi.org/10.25081/jp.2021.v13.6866
https://doi.org/10.2503/hortj.CH-114
https://doi.org/10.1038/s41598-020-74559-y
https://doi.org/10.4236/gep.2018.68011
https://doi.org/10.11654/jaes.2018-1075
https://doi.org/10.11654/jaes.2018-1075
https://doi.org/10.2478/amb-2014-0013
https://doi.org/10.2478/amb-2014-0013
https://doi.org/10.11628/ksppe.2019.22.6.551
https://doi.org/10.11628/ksppe.2019.22.6.551
https://doi.org/10.3390/w10040403
https://doi.org/10.3390/w10040403
https://doi.org/10.1111/gcb.15974
https://doi.org/10.1111/gcb.15974
https://doi.org/10.15666/aeer/0501_037042
https://doi.org/10.15666/aeer/0501_037042
https://doi.org/10.1080/23802359.2020.1820399
https://doi.org/10.1590/1678-4324-2017160650
https://doi.org/10.1590/1678-4324-2017160650
https://doi.org/10.25081/jp.2022.v14.7184
https://doi.org/10.25081/jp.2022.v14.7184
https://doi.org/10.25081/jp.2020.v12.6454
https://doi.org/10.25081/jp.2020.v12.6454
https://doi.org/10.3389/fpsyg.2018.02320
https://doi.org/10.3389/fpsyg.2018.02320
https://doi.org/10.1016/j.landurbplan.2017.12.002


 6    SAMUDRO ET AL 

https://plantsciencetoday.online 

40. Hubai K, Kováts N, Sainnokhoi T-A, Teke G. Accumulation pat-

tern of polycyclic aromatic hydrocarbons using Plantago lance-
olata L. as passive biomonitor. Environ Sci Pollut Res. 

2022;29:7300-11. https://doi.org/10.1007/s11356-021-16141-1 

41. Cihangir P, Durmus H, Tas B, Cindoruk SS. Investigation of poly-
cyclic aromatic hydrocarbons (PAHs) uptake by Cucurbita pepo 

under exhaust gas loading. Polycycl Aromat Compd. 2022;0:1-
15. https://doi.org/10.1080/10406638.2022.2044867 

42. Yang CJ, Wei SH, Zhou QX, Zhang L, Bao YY, Gu P et al. Promo-

tion effects of exogenous amino acids on phytoremediation of 
Cd-PAHs contaminated soils by using hyperaccumulator plant 

Solatium nigrum. Chin J Ecol. 2009;28:1829-34. 

43. Suchocka M, Swoczyna T, Kosno-Jończy J, Kalaji HM. Impact of 
heavy pruning on development and photosynthesis of Tilia 

cordata Mill. trees. PLOS ONE. 2021;16:e0256465. https://
doi.org/10.1371/journal.pone.0256465 

44. Nie J, Li Z, Zhang Y, Zhang D, Xu S, He N et al. Plant pruning 

affects photosynthesis and photoassimilate partitioning in rela-
tion to the yield formation of field-grown cotton. Ind Crops 

Prod. 2021;173:114087. https://doi.org/10.1016/
j.indcrop.2021.114087 

45. Niether W, Armengot L, Andres C, Schneider M, Gerold G. Shade 

trees and tree pruning alter throughfall and microclimate in 
cocoa (Theobroma cacao L.) production systems. Ann For Sci. 

2018;75:1-16. https://doi.org/10.1007/s13595-018-0723-9 

46. Samudro H. Landscape intervention design strategy with appli-
cation of Islamic ornamentation at Trunojoyo Park Malang, 

Jawa Timur, Indonesia. J Islam Archit. 2020;6:41-47. https://
doi.org/10.18860/jia.v6i1.4383 

47. Diener A, Mudu P. How can vegetation protect us from air pollu-

tion? A critical review on green spaces’ mitigation abilities for 
air-borne particles from a public health perspective - with impli-

cations for urban planning. Sci Total Environ. 2021;796:148605. 
https://doi.org/10.1016/j.scitotenv.2021.148605 

48. Junior DPM, Bueno C, da Silva CM. The effect of urban green 

spaces on reduction of particulate matter concentration. Bull 
Environ Contam Toxicol. 2022;January:7. https://

doi.org/10.1007/s00128-022-03460-3 

49. Mangkoedihardjo S, Santoso IB. Time variability of cumulative 
carbon dioxide concentration for adequacy assessment of 

greenspace: A case study in Surabaya, Indonesia. J Air Pollut 
Health. 2022;7:143-56. https://doi.org/10.18502/japh.v7i2.9598 

50. Santoso IB, Mangkoedihardjo S. Mapping cumulative carbon 

dioxide concentrations at two meters above the ground for 
greenspace assessment in Surabaya. Middle East J Sci Res. 

2013;18:288-92. 
https://doi.org/10.5829/idosi.mejsr.2013.18.3.12472 

51. Ciria. Climate Change | Open Green Space. 2022. http://

www.opengreenspace.com/opportunities-and-challenges/
climate-change/ (accessed May 14, 2022). 

52. ITRC. Phytotechnology technical and regulatory guidance and 

decision trees, revised. Interstate Technology & Regulatory 
Council; 2009. 

53. Farraji H, Robinson B, Mohajeri P, Abedi T, School of physical 

and chemical sciences, University of Canterbury, New Zealand, 
Department of Soil and Physical Sciences, Lincoln University, 

New Zealand et al. Phytoremediation: green technology for 
improving aquatic and terrestrial environments. Nippon J Envi-

ron Sci. 2020;1:1002. https://doi.org/10.46266/njes.1002 

54. Arliyani I, Tangahu BV, Mangkoedihardjo S. Performance of 
Reactive Nitrogen in Leachate Treatment in Constructed Wet-

lands. J Ecol Eng. 2021;22:205-13. https://
doi.org/10.12911/22998993/135314 

55. Liu Y, Wu Z, Huang X, Shen H, Bai Y, Qiao K et al. Aerosol phase 

state and its link to chemical composition and liquid water con-
tent in a subtropical coastal megacity. Environ Sci Technol. 

2019;53:5027-33. https://doi.org/10.1021/acs.est.9b01196 

56. Emetere ME, Afolalu SA, Amusan LM, Mamudu A. Role of atmos-
pheric aerosol content on atmospheric corrosion of metallic 

materials. Int J Corros. 2021;2021:e6637499. https://
doi.org/10.1155/2021/6637499 

57. Zhang B, Cao D, Zhu S. Use of plants to clean polluted air: A 

potentially effective and low-cost phytoremediation technolo-
gy. BioResources. 2020;15:4650-54. https://doi.org/10.15376/

biores.15.3.4650-4654 

58. Gajbhiye T, Kim K-H, Pandey SK, Brown RJC. Foliar transfer of 
dust and heavy metals on roadside plants in a subtropical envi-

ronment. Asian J Atmospheric Environ. 2016;10:137-45. https://
doi.org/10.5572/ajae.2016.10.3.137 

59. Foster KJ, Miklavcic SJ. Modeling root zone effects on preferred 

pathways for the passive transport of ions and water in plant 
roots. Front Plant Sci. 2016;7. https://doi.org/10.3389/

fpls.2016.00914 

60. Violante A, Caporale AG. Biogeochemical processes at soil-root 
interface. J Soil Sci Plant Nutr. 2015;15:422-48. https://

doi.org/10.4067/S0718-95162015005000038 

61. Zhou Z, Su P, Wu X, Shi R, Ding X. Leaf and community photo-
synthetic carbon assimilation of alpine plants under in-situ 

warming. Front Plant Sci. 2021;12. https://doi.org/10.3389/
fpls.2021.690077 

62. Lee JK, Kim DY, Park SH, Woo SY, Nie H, Kim SH. Particulate 
matter (PM) adsorption and leaf characteristics of ornamental 

sweet potato (Ipomoea batatas L.) cultivars and two common 

indoor plants (Hedera helix L. and Epipremnum aureum Lindl. & 
Andre). Horticulturae. 2022;8:26. https://doi.org/10.3390/

horticulturae8010026 

63. Kapalo P, Domniţa F, Bacoţiu C, Spodyniuk N. The impact of 
carbon dioxide concentration on the human health - case study. 

J Appl Eng Sci. 2018;8:61-66. https://doi.org/10.2478/jaes-2018-
0008 

64. Brasche S, Bischof W. Daily time spent indoors in German 

homes – Baseline data for the assessment of indoor exposure of 
German occupants. Int J Hyg Environ Health. 2005;208:247-53. 

https://doi.org/10.1016/j.ijheh.2005.03.003 

65. Klepeis NE, Nelson WC, Ott WR, Robinson JP, Tsang AM, Switzer 
P et al. The National Human Activity Pattern Survey (NHAPS): a 

resource for assessing exposure to environmental pollutants. J 
Expo Sci Environ Epidemiol. 2001;11:231-52. https://

doi.org/10.1038/sj.jea.7500165 

66. Rodríguez-Chávez TB, Rine KP, Almusawi RM, O’Brien-Metzger 
R, Ramírez-Andreotta M, Betterton EA et al. Outdoor/indoor 

contaminant transport by atmospheric dust and aerosol at an 
active smelter site. Water Air Soil Pollut. 2021;232:226. https://

doi.org/10.1007/s11270-021-05168-2 

67. Fiscus EL, Booker FL, Sadok W, Burkey KO. Influence of atmos-
pheric vapour pressure deficit on ozone responses of snap bean 

(Phaseolus vulgaris L.) genotypes. J Exp Bot. 2012;63:2557-64. 
https://doi.org/10.1093/jxb/err443 

§§§ 

https://plantsciencetoday.online
https://doi.org/10.1007/s11356-021-16141-1
https://doi.org/10.1080/10406638.2022.2044867
https://doi.org/10.1371/journal.pone.0256465
https://doi.org/10.1371/journal.pone.0256465
https://doi.org/10.1016/j.indcrop.2021.114087
https://doi.org/10.1016/j.indcrop.2021.114087
https://doi.org/10.1007/s13595-018-0723-9
https://doi.org/10.18860/jia.v6i1.4383
https://doi.org/10.18860/jia.v6i1.4383
https://doi.org/10.1016/j.scitotenv.2021.148605
https://doi.org/10.1007/s00128-022-03460-3
https://doi.org/10.1007/s00128-022-03460-3
https://doi.org/10.18502/japh.v7i2.9598
https://doi.org/10.5829/idosi.mejsr.2013.18.3.12472
http://www.opengreenspace.com/opportunities-and-challenges/climate-change/
http://www.opengreenspace.com/opportunities-and-challenges/climate-change/
http://www.opengreenspace.com/opportunities-and-challenges/climate-change/
https://doi.org/10.46266/njes.1002
https://doi.org/10.12911/22998993/135314
https://doi.org/10.12911/22998993/135314
https://doi.org/10.1021/acs.est.9b01196
https://doi.org/10.1155/2021/6637499
https://doi.org/10.1155/2021/6637499
https://doi.org/10.15376/biores.15.3.4650-4654
https://doi.org/10.15376/biores.15.3.4650-4654
https://doi.org/10.5572/ajae.2016.10.3.137
https://doi.org/10.5572/ajae.2016.10.3.137
https://doi.org/10.3389/fpls.2016.00914
https://doi.org/10.3389/fpls.2016.00914
https://doi.org/10.4067/S0718-95162015005000038
https://doi.org/10.4067/S0718-95162015005000038
https://doi.org/10.3389/fpls.2021.690077
https://doi.org/10.3389/fpls.2021.690077
https://doi.org/10.3390/horticulturae8010026
https://doi.org/10.3390/horticulturae8010026
https://doi.org/10.2478/jaes-2018-0008
https://doi.org/10.2478/jaes-2018-0008
https://doi.org/10.1016/j.ijheh.2005.03.003
https://doi.org/10.1038/sj.jea.7500165
https://doi.org/10.1038/sj.jea.7500165
https://doi.org/10.1007/s11270-021-05168-2
https://doi.org/10.1007/s11270-021-05168-2
https://doi.org/10.1093/jxb/err443

