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ABSTRACT. Air quality, both outdoor and indoor, is the most critical element that we must protect for the entire environment. 

While the deterioration of air quality primarily causes respiratory diseases in living things, it also causes corrosive effects on non-

living things, such as corrosion caused by acid rain, which results from air pollution. Therefore, it is necessary to monitor and prevent 

air pollution by various methods. WHO plays an active role in protecting air quality through its mission. Plants are indispensable 

beings for the environment and life. They balance the CO2 concentration, temperature, and humidity in the air. Plants use CO2, light, 

and water during photosynthesis, which is necessary for their growth and development. They reduce the CO2 concentration in the 

environment. In addition, plants, depending on their leaf characteristics, can trap particulate matter in the atmosphere. Many studies 

have proven that plants positively affect indoor and outdoor air quality. In this review, we aim to summarize the results of some 

selected studies, provide information about the air purification capacities of the researched plants, and emphasize the topic's 

importance.  
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1. INTRODUCTION 

 

According to WHO, “Air pollution is the contamination of 

the indoor or outdoor environment by any chemical, 

physical or biological agent that modifies the natural 

characteristics of the atmosphere.” [1] 

In the 1970s, when it was determined that atmospheric 

pollution was at severe levels. In contrast, the World Health 

Organization (WHO) determined that pollution was at 

urban and industrial levels, and the World Meteorological 

Organization (WMO) started keeping weather records on 

continental and global scales.[2] WHO's primary goal is to 

protect people's health in cities. To determine the causes of 

air pollution, WMO measures air pollution concentrations, 

investigates their effects on climate, covering continents 

and the world, and tries to estimate their temporal 

characteristics. [2]   United Nations Environment Program 

(UNEP) and World Environment Monitoring System 

(GEMS) further support WHO and WMO enforcement 

guidelines. [2] GEMS; disseminating early warning 

systems, determining atmospheric pollution worldwide, 

and assessing its impact on climate, revealing critical 

problems related to land use and agriculture.  

 

 

 

WHO projects make micro-level (urban) measurements. On 

the other hand, the WMO network makes measurements at 

the macro level (continental and world scale) and compares 

them. GEMS is tightly dependent on WHO projects and 

WMO records. [2] 

Two leading causes of air pollution are the increasing 

population and, depending on it, industry development. 

WHO has classified substances that impair air quality as 

outdoor and indoor air pollutants. Outdoor air pollutants 

determined by WHO are PM10, PM2.5, O3, NO2, SO2 and 

CO. In addition, the WHO scanned the scientific studies on 

indoor air pollution and identified eight substances with 

definitive evidence that they are polluting and harmful as 

indoor air pollutants. These pollutants are benzene, CO, 

formaldehyde, naphthalene, NO2, polycyclic aromatic 

hydrocarbons, radon, trichloroethylene, and 

tetrachlorethylene. 

Clean air is the most necessary condition for human life. 

Both indoor and outdoor air pollution causes respiratory 

and other illnesses in living beings.  

The effects of outdoor pollutants on humans, plants, and 

materials are summarized in Table 1. 
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Table 1. The effects of outdoor pollutants 

 

 

 

 

 

 

 

 

 

 

 

 

 

The effects of indoor pollutants on humans and animals are 

summarized in Table 2. 

 

Table 2. The effects of indoor pollutants 
 

 

 

As people spend more time indoors, there is growing unease 

about indoor air quality. Constructing highly sealed 

buildings boosts thermal capability but decreases fresh air 

ventilation. Aggregating and continued exposure to indoor 

air pollution may result in harmful health outcomes. [18] 

Continuous exposure to air pollutants, the concentration of 

indoors can even be higher than outdoors, may bring about 

respiratory and cardiovascular diseases, eventually 

contributing to the so-called ‘sick building syndrome’ 

(SBS) and ‘building-related illnesses’ (BRI). [19] 

Sick building syndrome (SBS) is defined by symptoms such 

as headaches, nausea, lightheadedness, eye irritation, 

mucous membranes, and respiratory systems [20]. The  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SBS affects people’s well-being, health, and, most 

importantly, productivity in indoor environments. High 

CO2 levels and low humidity contribute to sicknesses, such 

as eye dryness, migraines, and reduced academic 

performance. [21] SBS has proven to be challenging to 

understand. At the same time, symptom frequencies tend to 

be higher in women due to historical reasons, social 

position, lack of knowledge of female physiology, and 

chemical hypersensitivity [22]. Furthermore, poor indoor 

air quality (IAQ) increases absenteeism and negative 

emotions [23]. This underlines the significant impact of 

SBS on productivity, a key concern for all stakeholders. 

Plants balance CO2 concentration, temperature, and 

humidity [21, 24]. They use CO2, water, and light via 

photosynthesis, which is fundamental for their growth and 

survival [25]. During photosynthesis, plants can minimize 

the CO2 levels in the environment [26]. In addition, 

photosynthesis in plants produces negative air ions that 

benefit human health [27]. However, the current research 

on the correlation between CO2 levels and plants’ capacity 

to remove CO2 is limited, highlighting the need for further 

exploration in this area. Plants’ ability to alleviate PM and 

CO2 alters among plant species and environmental 

conditions [28]. 

Air phytoremediation (AP) is an ecological remediation 

technology that utilizes green plants to eliminate pollutants 

from polluted air [29, 30]. Some plants can assimilate, 

degrade, or modify toxic contaminants in the air into less 

toxic ones, making it possible to remove airborne pollutants 

via AP technology [29,31]. 

For an extensive review of published articles on air-

cleaning plants, we collected the articles using databases 

such as Google Scholar, Science Direct, Web of Science, 

Scopus, and Science finder  since 1980. We initially 

collected the references using the keyword “Air-cleaning 

plants,” and then keywords such as “Phytoremediation” and 

“Bioremediation” were utilized to conduct a more 

comprehensive survey of references. After thoroughly 

reviewing the initially selected references, we finally chose 

75 papers. 
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2. THE PLANTS REMOVING THE INDOOR 

AIR POLLUTANTS 

Our literature survey revealed four reviews that overlapped 

the topic of "plants removing indoor pollutants." Since we 

read seven plants mentioned in all four reviews, this section 

mentioned the articles on their seven plants clearing indoor 

pollutants. 

2.1 Chlorophytum comosum (Spider Plant) 

The removal of benzene, toluene, cigarette smoke, xylene, 

formaldehyde, ethylbenzene, and the mixture of benzene, 

toluene, octane, and trichloroethylene, α-Pinene, i.e volatile 

organic compounds-VOCs, Particulate matter (PM), and 

CO2 were investigated on Chlorophytum comosum. 

 

 

Figure 1. The photo of Chlorophytum comosum [32] 

Sriprapat et al. [33] tested the removal capacity of toluene 

and ethylbenzene on the plants Aloe vera, Sansevieria 

masoniana, Sansevieria trifasciata, Sansevieria 

hyacinthoides, Sansevieria ehrenbergii, Kalanchoe 

blossfeldiana, Dracaenaderemensis, Codiaeum 

variegatum, Chlorophytum comosum, Dracaena 

sanderiana, Cordyline fruticosa, Aglaonema commutatum. 

The highest removal values are for toluene, S. trifasciata, 

ethylbenzene, C. comosum. Also S. trifasciata and S. 

hyacinthoides had a high value in the absorption of toluene 

and ethylbenzene.  

Another Sriprapat et al. study [34] showed the experimental 

data for eight species of plant, involving Sansevieria 

trifasciata, Euphorbia milii, Epipremnum aureum, 

Syngonium podophyllum, Hedera helix, Chlorophytum 

comosum, Dracaena sanderiana, and Clitoria ternatea, for 

eliminating benzene in air and water pollutants. These 

indoor plants are eminent for their high tolerance to toxic 

pollutants. During 96 hours, it presented that C. comosum 

had the most potential among other plants for eliminating 

benzene from air and water pollutants. 

Torpy et al. [35] researched CO2 removal of Chlorophytum 

comosum and Epipremnum aureum using green wall 

technology. 

 

Figure 2. Active green wall system [36] 

Both of the plants were active in CO2 elimination at 

densities higher than 50 μmol/m2s. When the intensity of 

the light elevated, the green wall achieved meaningful 

reductions in high CO2 concentrations within a sealed room 

environment. 

Xu et al. [37] studied the formaldehyde removal 

performance of Chlorophytum comosum. They found its 

volatile organic compound (VOC) removal performance to 

be 90%, 92%, and 95% at the light intensities of 80, 160, 

and 240 μmol/m
2
s, respectively. 

In the third research study by Sriprapat et al. [38], they 

screen fifteen plant species to determine their capability to 

remove xylene volatile aromatic compounds. The results 

exhibited that the most active plants for xylene removal 

after 24 hours were C. comosum, A. commutatum, P. 

martianum, A. rotundum, and F. albivenis. These plants 

could take up xylene at a rate of around 0.66±0.00, 

0.65±0.03, 0.68±0.00, 0.66±0.00, and 0.64 ±0.54 mmol/m2-

leaf area, respectively. But, after 24 hours of xylene 

exposure, their activity was not the best. At 48 hours, the 

results exhibited that Z. zamiifolia reduced xylene levels 

significantly better than other plants (P ≤ 0.05). This plant 

showed the highest xylene removal efficiency, with uptake 

of 0.81 ±0.01 mmol/m2 leaf area, around four times higher 

than that of G. lingulata, the least effective of the 15 species 

tested. At 72 hours, Z. zamiifolia showed consistently high 

xylene removal ability. This plant could take up 

approximately 88 % of xylene within 72 hours of 

fumigation. 

In 2020, Siswanto et al. [39] investigated the comosum, 

Sansevieria trifasciata, with a 120 m3 /h airflow rate in a 24 

m3 testing room. This chamber experiment used the 

simulated cigarette smoke containing 120–150 ppm of 

formaldehyde, 127–145 ppm of acetone, 13–35 ppb of 

benzene, and 30–70 ppb of xylene. After 24 hours, VOC 

(Volatile Organic Compound) removal performance was 

80–90%. 

The removal capacity of the mixture of benzene, toluene, 

octane, trichloroethylene, and α-Pinene of Chlorophytum 

comosum together with 27 plant species were tested. [40] 

Hemigraphis alternata, Hedera helix, Hoya carnosa, and 
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Asparagus densiflorus had the best elimination efficiencies 

for all contaminants; Hemigraphis alternata showed 

superior removal activity for all five VOCs (i.e., benzene; 

5.54 ± 0.29, toluene; 9.63 ± 0.94, Octane; 5.58 ± 0.68, TCE; 

11.08 ± 0.99, and a-pinene; 12.21 ± 1.61). VOCs removal 

performance of Chlorophytum comosum for benzene; 0.75 

± 0.11, Toluene; 3.18 ± 0.14, Octane; 1.70 ± 0.08, 

Trichloroethylene; 2.86 ± 0.13, α-Pinene; 4.17 ± 0.21 μg/ 

m3 h cm2-leaf area. 

Gawronska et al. [41] displayed that the accumulation 

percentage of large PM (PM10) of Chlorophytum comosum 

was 68, and of fine PM (PM2.5) was 7 in indoor 

environments. Irga et al. [42] used spider plant green wall 

to test PM removal. They found it has excellent potential 

for PM removal. They also displayed that the rate of air 

affects PM removal. The 11 L/s of airflow rate has the 

highest filtration among the tested rates of 4 to 15 L/s, and 

the removal efficiency reached up to 53 ± 10%. 

2.2 Chrysanthemum morifolium (Garden Mum, Autum 

Mum) 

 

 

 

 

 

 

 

Figure 3. The photo of Chrysanthemum morifolium [43] 

Chrysanthemum morifolium, a decorative perennial shrub, 

could remove formaldehyde in liquid nutrient solution and 

soil conditions [44-45].  

2.3 Dracaena deremensis (Corn plant) 

 

 

 

 

 

 

 

 

 

Figure 4. The photo of Dracaena deremensis [46] & 

Dracaena fragrans Lemon Lime [47] 

In 2004, Orwell et al. [48] searched the 25 ppm benzene 

removal capacity of Dracaena deremensis. They found its’ 

removal performance of 188±48 ppm/d m2-leaf area. In 

their other study, Orwell and his colleagues [49] 

investigated 100 ppm toluene and its xylene removal 

capacity. They obtained these removal data: Toluene in 

single: 549 ± 31.8, Xylene in single: 336 ± 21.8, Toluene in 

mixture: 284 ± 27.3, Xylene in mixture: 229 ± 11.4 mg/m3 

d.  

Mosaddegh and co-workers [50] researched the application 

of a mixture of benzene, toluene, ethylbenzene, and xylene 

(each two ppm) to the plant. The results were 0.52 for 

benzene, 0.24 for toluene, and 0.76 mg/ d m2-leaf area for 

ethylbenzene and xylene. 

Sriprapat et al. [33] studied the Dracaena fragrans Lemon 

Lime. They measured its removal performance against 

toluene and ethylbenzene (each 20 ppm). After 72 hours, 

the plant eliminated 2.12 ± 0.17 μmol toluene and 2.36 ± 

0.11 μmol ethylbenzene. 

2.4 Epipremnum aureum (Golden pothos)  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The photo of Epipremnum aureum [51] 

Epipremnum aureum is one of the most typical plants for 

phytoremediation of indoor VOCs, including benzene and 

formaldehyde [34,43, 45,52-55]. This plant has different 

names, such as golden pothos, Ceylon creeper, hunter’s 

robe, ivy arum, and silver vine [36]. It can remove 

formaldehyde (61.7% removal in 12 hours) and total 

volatile organic compounds (TVOCs) (30.0% removal in 

12 hours) from tobacco smoke [56]. 

Epipremnum aureum has also been tested using some 

biofilter systems. 

One is developed by Ibrahim et al. [57] as a botanical indoor 

air biofilter prototype utilizing Epipremnum aureum 

horizontally cultivated into Kenaf fiber. The act of the 

biofilter in eliminating VOCs after entering aromatic 

compounds was evaluated in a lab-scale chamber (0.24 m3), 

displaying a single-pass removal efficiency of TVOCs of 

46 ± 4.02%. Another tested system, an activated carbon-

based phytofiltration system planted with Epipremnum 

aureum, was set up to control indoor VOCs in an office area 

(265 m3) in New York, USA, over four days [58]. The 

system demonstrated tremendous single-pass removal 

efficiencies of formaldehyde (100–91.3%) and TVOCs 

(51.5–38.4%).  

Wang and Zhang [58] checked the short and long-term 

strength of an activated carbon-based phytofiltration system 

in a full-scale chamber. This system used a mixture of 

granular activated carbon and shale pebbles (1:1, v/v) as the 

plant growth medium, with Epipremnum aureum 

horizontally planted (Fig. 6). The single-pass removal 

activity of toluene (2.16 ppm) by the system were 91.7% 

a b 
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and 77.2% at airflow rates of 250 and 930 m3/h, 

respectively. Similarly, the single-pass removal activity of 

formaldehyde (1.64 ppm) was 98.7% and 69.0% at 250 and 

930 m3/h, respectively. The phytofiltration system reduced 

outdoor ventilation rates, resulting in 10–15% energy 

savings. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Phytofiltration System [36] 

2.5 Hedera helix (English Ivy) 
 

 

Figure 7. The photo of Hedera helix [59] 

English ivy, Hedera helix, has green leaves for the year and 

is a climbing plant growing on surfaces like cliffs, walls, 

and trees. It also grows as horizontal surfaces. This plant is 

accepted to remove indoor VOCs, containing benzene, 

formaldehyde, and a mixture of benzene, toluene, octane, 

TCE, and α-pinene [44, 60, 34, 40, 61]. The removal rates 

of Hedera helix were 3.63, 8.25, 5.10, 8.07, and 13.28 

μg/m3 h m2-leaf area for benzene, toluene, octane, TCE, and 

α-pinene, respectively, under mixed gases (each ten ppm) 

[40]. 

2.6 Sansevieria trifasciata (Snake plant, Mother-in- 

law’s tongue) 

Sansevieria trifasciata (sin. Dracaena trifasciata [63]) is a 

perennial plant that forms dense strands and spreads 

through its creeping rhizomes [64]. 

  

 

 

 

 

 

 

 

 

Figure 8. The photo of Sansevieria trifasciata [62] 

This plant's removal performance of benzene [34] and 

toluene-ethylbenzene [33], a mixture of benzene, toluene, 

octane, trichloroethylene, and α-Pinene  (each 10 ppm) [40] 
has been studied. The removal of benzene is 25.40 ± 0.14 

μmol/h m2-leaf area [34], 2.68 ± 0.19 μmol for toluene, and 

2.74 ± 0.13 μmol for ethylbenzene in 72 hours [42]. For the 

mixture of VOCs study, the removal of benzene is 1.76 ± 

0.48; toluene is 4.97 ± 0.70; octane is  2.73 ± 0.50; 

trichloroethylene is 4.61 ± 0.81; α-Pinene is 5.49 ± 1.31 μg/ 

m3h cm2-leaf area. Additionally, Permana et al. [65] did 

experiments utilizing a 24 m3 chamber to measure VOCs 

removal by a botanical biofilter from cigarette smoke at 

various distances (100–315 cm). The biofilter consisted of 

Sansevieria trifasciata planted in soil and coconut fiber. 

Within 24 h, the biofilter achieved removal rates of TVOCs, 

formaldehyde, and acetone ranging from 40 to 65%, 46 to 

69%, and 31 to 61%, respectively. Interestingly, VOCs 

removal was exceptionally high at a distance of 100 cm, 

suggesting that the biofilter likely created airflow vortices 

at that height. 

2.7 Syngonium podophyllum (Arrowhead plant) 

 

Figure 9. The photo of Syngonium podophyllum [66] 

Syngonium podophyllum is a favorite houseplant known for 

eliminating benzene (103.4 ng/m3 h cm2-leaf area), toluene 
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(161.6 ng/m3 h cm2-leaf area), and formaldehyde (0.5 

μg/cm2-leaf area in 6 h) [67, 34, 68, 61]. 

3. THE PLANTS REMOVING THE OUTDOOR 

AIR POLLUTANTS 

Following the similar logic in the previous section, this 

section includes articles about the four most mentioned and 

studied plants that clean pollutants in the outdoor 

environment. 

3.1 Sophora japonica 

  

 

 

 

 

Figure 10. The photos of Sophora japonica[a69-b70] 

Sophora japonica, the Japanese pagoda tree [71] (also 

called the Chinese scholar tree and pagoda tree; 

syn. Styphnolobium japonicum) is a species of lovely tree. 

Zhang et al. [72] selected nine plant species for their 

research from among the dominant roadside plant species: 

two shrubs (Euonymus japonicus, Rosa chinensis), one 

climber species (Parthenocissus quinquefolia), and six tree 

species, including two conifers (Pinus tabuliformis, Sabina 

chinensis) and four broadleaved trees (Sophora japonica, 

Ulmus pumila, Populus sp., and Ginkgo biloba).  

Sophora japonica, with its unique morphological 

characteristics, including significant trichomes, a dense 

network of grooves, and a complex cuticular wax layer, 

displayed the topmost PM capture capacity [73]. Needles of 

some species of conifers have thicker wax layers that 

contribute to PM deposition, suggesting that these species 

may have a high capacity for accumulating PM [74-76]. PM 

capture efficiency (362.98 µg/cm2) and its wax layers could 

trap large amounts of PM2.5; this high potential is essential 

for successful phytoremediation. Sophora japonica also 

showed the largest APTI (air pollution tolerance index) at 

both sites (traffic pollution and water reservoir). Combining 

the effect size of air pollution on membrane lipid 

peroxidation with APTI might better reflect plants' 

tolerance to air pollution. Shi et al. [77-78] reached the 

same result about Sophora japonica in their research. 

Yue et al. [79] investigated the retention characteristics of 

five tree species' water-soluble and water-insoluble 

particulate matter in Beijing, China. They found that 

Sophora japonica has high PM (water-soluble PM and 

water-insoluble PM) capacities. 

The team made a significant comparison in a unique study 

about the NOx absorption ability of Sophora japonica [80]. 

They explored the nitrogen contribution of traffic-related 

NOx at the road-adjacent sites (23.0%), which was higher 

than that of traffic-related NOx at sites far from the road 

(16.4%). This comparison highlighted the influence of 

traffic-related NOx emissions on the S. japonica in near-

road green spaces, characterized by lower δ15N values. 

3.2 Salix babylonica 

 

 

 

 

 

 

 

 

Figure 11. The photos of Salix babylonica [a81-b82] 

Salix babylonica, known as Babylon willow or weeping 

willow in public, is a species of willow growing wildly in 

northern China but cultivated for millennia elsewhere 

in Asia, being traded along the Silk Road to southwest Asia 

and Europe. [83-84] 

In a research of Wang et al. [85], measured the retention 

capacity of Ulmus pumila, Salix babylonica, Ginkgo biloba.   

The accumulation of PM2.5 of Salix babylonica was 

detected as high after Ulmus pumila because it has a thin 

wax film and wax tubes.  

Luo et al. [86] conducted a dynamic analysis of the 

retention ratio of six tree species, including Salix 

babylonica, in rainfall conditions. This research compared 

the broad-leaved trees (Salix babylonica, Acer 

elegantulum) with needle-leaved trees (Pinus tabuliformis 

and Pinus bungeana). The findings, which revealed the 

stronger ability of needle-leaved trees to retain PM2.5 than 

broadleaved trees and the unique prismatic structure of their 

leaves, have significant practical implications for 

environmentalists and researchers alike. 

Liu et al. [87] meticulously studied different PM types' 

retention capacity and efficiency. Their thorough research 

involved measuring the PM retention efficiencies of easily 

removable (ERP), difficult-to-remove (DRP), and total 

removable (TRP) particles on the leaf retention efficiency 

(AEleaf). They found that Pinus tabuliformis absorbs 

particles with the largest average diameter (34.2 μm), 

followed by Ginkgo biloba (20.5 μm), Sabina chinensis 

(16.4 μm), Salix babylonica (16.0 μm), and S. japonica 

(13.1 μm). The high retention efficiencies of S. babylonica 

and P. tabuliformis for different particulate matter sizes 

(TRP and ERP of PM2.5–5 and PM5–10, and PM>10 and TSP 

with the highest AEleaf) further validate the meticulousness 

of their research. 

a b 

a b 
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In the research of Yue et al. [79], Salix babylonica has a 

high retention capacity of water-soluble PM (WSPM) after 

Sophora japonica. The water-insoluble PM (WIPM) comes 

after Sophora japonica and P. tabuliformis. 

3.3 Ginkgo biloba 

 

 

 

 

  

P 

 

Figure 12. The photos of Ginkgo biloba [ab 88] 

Ginkgos are enormous trees, typically coming to a height of 

20–35 m [89], with some China specimens reaching over 

50 m (165 ft). Their branches have an angular crown shape 

and are long and somewhat erratic. The tree is usually deep-

rooted and invulnerable to wind and snow damage.   

According to Zhang et al. [72], Ginkgo biloba trapped the 

lowest amount of PM, and the grooves on its leaf surfaces 

were the sparsest. In the study of Yue et al. [79], Ginkgo 

biloba has the third highest retention capacity of water-

soluble PM (WSPM) after Sophora japonica and Salix 

babylonica. Ginkgo biloba has the second lowest retention 

capacity of water-insoluble PM (WIPM) after S. chinensis. 

Liu et al. [87] have found moderate retention efficiency in 

Ginkgo biloba. Wang et al. [85] also studied on this plant. 

After their experiments, they determined that the thick wax 

tubes of Ginkgo biloba reduced the interface area for 

locating particles and had the least capacity for PM capture. 

3.4 Sabina chinensis 

 

 

 

 

 

 

Figure 13. The photos of Sabina chinensis [ab90] 

Sabina chinensis (syn. Juniperus chinensis [91]) is a 

famous ornamental tree or shrub suitable for gardens and 

parks. It lives in harsh coastal conditions of hot sun and 

sandy, fast-draining soils. 

Xie et al. [92] studied the PM retention of different trees 

(Cedrus deodara, Acer palmatum, Sabina chinensis, 

Metasequoia glyptostroboides, Buxus sinica, Magnolia 

grandiflora) under various wind conditions. The ranking of 

PM retention is Cedrus deodara > Acer palmatum > Sabina 

chinensis > Metasequoia glyptostroboides > Buxus sinica 

> Magnolia grandiflora, i.e., Sabina chinensis has the 

third-most PM retention capacity. In Liu et al.'s [87] 

investigation, Sabina chinensis was third in the particular 

absorption ranking after Pinus tabuliformis and Ginkgo 

biloba. However, Yue et al.'s research revealed that Sabina 

chinensis's water-soluble and water-insoluble retention 

efficiency had the lowest values compared with the other 

studied plants. In another different concept of PM retention 

research [72], Sabina chinensis and P. tabuliformis had 

high PM as the in-wax PM (PMWT) at both sites (traffic 

pollution and water reservoir), showing that conifers can 

potentially catch a significant amount of PM in their thicker 

wax layers. 

4. CONCLUSIONS 

Air-phytoremediation is a research field with a vast 

literature collection. The studies accelerate after the 2000s. 

As a result of our literature survey, we encountered the 

removal capacity of indoor pollutants on 140 plants. Some 

plants’ removal efficiency has been studied against all 

indoor pollutants. Only one or two indoor pollutants for 

some. Different techniques and, depending on that, various 

units have been used to measure removal capacity, like 

µmol in 72 hours, mmol/ d  cm2-leaf area, and μg/m3h cm2-

leaf area. Since then, we have made a column graphic using 

only the removal data [36], which have the same units to 

summarize the removal efficiency of plants for some indoor 

pollutants (Figure 14-16). 

According to the review by Bandehali et al. [97], 

recommended Peace Lily (Spathiphyllum), Ficus species 

(Ficus Decora Burgundy), Calathia (Calathia Species), 

Dieffenbachia (Dieffenbachia Species), Golden Pothos 

(Epipremnum aureum) against ozone indoor pollutant; 

Schefflera actinophylla and Ficus benghalensis against 

toluene and xylene; Hedera helix against only toluene; 

Syngonium podophyllum, Sansevieria trifasciata, 

Euphorbia milii, Chlorophytum comosum, Epipremnum 

aureum, Dracaena sanderiana, Hedera helix, Clitoria 

ternatea against benzene; ficus; golden pothos; spider fern; 

Christmas cactus (Schlumbergera x buckleyi) against 

trichloroethylene, tetrachloroethylene 1,2-

dichloroethane benzene, toluene m, p-xylene, Spider 

plants (Chlorophytum comosum L.) against PM; Aloe vera, 

Sansevieria masoniana, Sansevieria trifasciata, 

Sansevieria hyacinthoides, Sansevieria ehrenbergii, 

Kalanchoe blossfeldiana, Dracaena deremensis, Codiaeum 

variegatum, Chlorophytum comosum, Dracaena 

sanderiana, Cordyline fruticosa, Aglaonema commutatum  

against toluene, ethylbenzene; Chamaedorea seifritzii, 

Aglaonema modestum, Hedera helix, Ficus benjamina, 

Gerbera jamesonii, Dracaena deremensis, Dracaena 

marginata, Dracaena massangeana, Sansevieria laurentii, 

Spathiphyllum, Chrysanthemum morifolium, Dracaena 

deremensis  against benzene, trichloroethylene, 

formaldehyde; Golden Pothos against formaldehyde. 

a b 

b a 
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Although it has been inferred that plants give us clean 

indoor air from the considerable research collection, the 

research is still limited. The experiments were conducted in 

sealed and controlled chambers [98]. The conditions within 

sealed chambers do not scale up to those of natural indoor 

environments, which have high AER (air exchange rate), 

large volumes, and persistent VOC emissions. The 

conclusion of Cummings & Waring [38] that plants have an 

unimportant effect on indoor VOC loads is coherent with 

the results of field works that did not notice actual VOC 

decreasing when plants were planted in buildings. 

Regardless of potted plants not considerably changing 

indoor VOC concentrations, conducting chamber 

experiments on plants can remain a significant effort. There 

is still much to be acquired information about the 

mechanisms of botanical uptake of VOCs. Extended 

laboratory and field investigations must evolve a more 

outright and nuanced understanding of the coaction 

between plants and indoor environmental outcomes.  

Considering the removal capacity of outdoor pollutants by 

plants, the research is concentrated on PM removal. 

Outdoor plants, trees, shrubs, meadows, and other plants 

have been studied. According to our literature survey, the 

PM retention capacity of 136 plants has been researched. 

Leaf roughness, cuticle characteristics, and ability to absorb 

moisture are essential for PM retention and caught by 

plants. However, not only the morphological conditions but 

also the physiological and developmental properties of 

leaves, in addition to the plant flowering form, the 

meteorological conditions, the traffic flows, the distance to 

the source, and the PM characteristics, make the processes 

of accumulation, wash-off, and resuspension of PM more 

difficult than expected, and its effect on air quality, 

demanding and complex [78]. It is found that, like Beckett 

et al. [99] and the other outdoor research, all trees examined 

captured large quantities of airborne particulates from the 

health-damaging size fractions (particle diameters of 10-2.5 

μm, 2.5-1 μm, and <1 μm). For example, coniferous species 

were found to trap more particles than broad leaves, with 

pines (Pinus spp.) capturing significantly more material 

than cypresses (Cupresses spp.). Trees near a busy road 

caught substantially more material from the huge particle 

size fraction than those at a rural background site.  

 Beckett et al. [99] drew the main conclusions from their 

study as follows:  

• Trees can trap an important amount of health-

damaging particles from the atmosphere, potentially 

improving local air quality.  

• Their study reveals significant species differences 

in trees' ability to capture pollutant particles, suggesting that 

conifers may be the most effective choice for pollution-

control plantings.  

• Among the broad-leaved species they studied, 

those with rough leaf surfaces demonstrate the highest 

effectiveness in capturing particles, a crucial finding for 

future planting decisions.  

While significant research has been done on the air-

cleaning ability of various plants, there is an urgent need for 

more experimental studies using diverse methods. As 

researchers, we aim to identify the most effective air-

cleaning plants, such as Chlorophytum comosum, 

Chrysanthemum morifolium, Dieffenbachia compacta, and 

Epipremnum aureum, enhance their cultivation conditions, 

and potentially create fast-growing plants that can thrive in 

extreme conditions and have a high capacity for removing 

air pollutants.  

 

 

 

 

 

 

 

 

Figure 14 Toluene Removal of some plants (µmol in 72 hours) 
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Figure 15 Toluene Removal of some plants (µg/m3hcm2-leaf area) 

 

 

 

 

 

 

 

 

Figure 16 Formaldehyde Removal of some plants (mg/m3cm2-leaf area) 
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