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Abstract

urban areas.

vant papers published from 1993 to 2021 were finally selected.

of the region and the density and amount of vegetation cover.

Context: Air pollution is a serious concern for environmental and human health, especially due to increasing the risk of respiratory
and cardiovascular diseases. The purpose of this study was to investigate the effects of air pollution on plant species resistance in

Evidence Acquisition: This narrative review was conducted by searching the databases of Web of Science, Science Direct, Scopus,
PubMed, Google Scholar, and Springer. Sixty-five articles were screened by reading their abstracts and full texts. In the end, 12 rele-

Results: The literature review showed that the green spaces created by municipalities in different areas of the city included a set of
trees and shrubs compatible by the climate, grass, soil, and water of the region, leading to a significant improvement in air quality.
Based on the results, urban green space has the ability to reduce the amount of artificially produced pollutants, and the use of
natural potential of trees can improve the quality of the environment depending on various factors such as the climatic condition

Conclusions: The most effective ways to reduce health and economic costs include reducing the emission of pollutants from cars
and industries, extending urban green space, educating citizens, and organizational planning and cooperation. The findings of this
study may have important implications for selecting plant species for vegetation traffic barriers.

Keywords: Air Pollutants, Human Health, Plant, Species Resistance, Urban Area

1. Context

Inrecent decades, human activities have caused air pol-
lution, which has brought serious concerns for citizens
and local governments around the world. Toxic air pol-
lutants are the most dangerous risk factors for respira-
tory disorders, cardiovascular diseases (CVD), asthma, and
death (1). Urbanization, industrialization, and air pollu-
tion have become issues of concern due to their impact
on health, attracting the attention of government officials
(2). Approximately 87% of the world’s current popula-
tion lives in areas where particulate pollutants (an aero-
dynamic diameter less than 2.5 microns (PM, 5 ) exceed the
WHO'’s limits. Also, 90% of people in low- and middle-

income countries are exposed to high levels of toxic com-
pounds (2-4). Air pollution-related mortality has increased
from one million per year to 3.1 million per year from 2000
to 2012 (2-5). Since humans need an average of 10 cubic
meters of air per day, controlling pollutant emission is
very important due to their impact on air quality and hu-
man health (6). Around the world, vegetation and animal
ecosystems around industrial areas are being destroyed.
If the proper distance between industries and residential
areas is not respected, the amount of suspended particles
and gaseous pollutants will exceed the standard, which
will cause health problems for nearby residents, as well as
pollution of water, soil, and environment (7). In general, if
the amount of toxic pollutants produced and released in
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water, soil, and air is very high, it can affect the health of
all living organisms (humans, animals, and plants) (7-9).
In many countries, a sensible approach relying on the in-
herent capabilities of nature is used to reduce air pollution
(10),such as creating green spaces and using trees in public
places of the city, offering many ecological, social, cultural,
and economic benefits, as well as aesthetic values (11). Of
course, it should also be kept in mind that a period of 15 to
40yearsisrequired toreap the benefits of tree planting (8).

Urban green spaces can reduce ambient air temper-
ature, mitigate storms and hurricanes caused by atmo-
spheric turbulence, absorb carbon dioxide (CO,) and
greenhouse gases, and release oxygen (O,), increase and
maintain biodiversity, and improve human health com-
munities. In addition, expanding green spaces in cities
contributes to the achievement of the United Nations’ Sus-
tainable Development Goals (12). It is necessary to explain
thatthe creation of urban green spaces requires integrated
management and continuous maintenance, in order to
maintain and increase per capita green space and reduce
the level of pollutants (13,14).

This study aimed to compare the air pollution toler-
ance of different plant species found in vegetation traffic
barriers and to investigate the effect of air pollution on the
resistance of these plant species in urban areas.

2. Evidence Acquisition

2.1. Eligibility Criteria and Search Strategy

Table 1shows the results of search in various databases,
including Web of Science, PubMed, Google Scholar,
Springer, and Science Direct. The search was conducted
to gather English language epidemiological articles. All
relevant studies published from 1993 to 2021 were identi-
fied. Five hundred and fifteen articles were retrieved from
these databases.

2.2. Eligibility Criteria
Medical subject headings (MeSH) were used in this

study, including "plant", "air pollutant", "resistant species",
"long-term exposure" and "urban area". The search strat-
egy was compiled in a way to obtain all articles related
to our topic between 1993 and 2021. Studies conducted
on plant species resistant to air pollution in urban areas
published in journals indexed in Science Direct, Scopus,

Google scholar, Springer, and PubMed were included.

2.3. Study Selection

According to the criteria mentioned above, after the
initial screening of 550 titles, 71 duplicated studies were
excluded. Then 65 and 10 articles found based on records
identified through database searching, and additional

records were identified through other sources. In the next
stage, 38 studies were screened, and 18 full-text articles en-
tered into the analysis process. Finally, 12 articles were
selected in this study. Figure 1 shows the steps of litera-
ture search, study selection, and qualification based on the
PRISMA guideline

2.4. Data Extraction

Data from selected publications were extracted and
transferred into a Microsoft Excel spreadsheet.

2.5. Ethical Approval

According to national guidelines, review studies do not
require obtaining consent

3. Results

3.1. Plant Species

Due to the rapid expansion of urbanization and indus-
trialization of societies, the most critical part of environ-
mental pollution is an increase in the concentration of pol-
lutants caused by the urban transportation system, indus-
tries, and factories. Air pollution endangers the health of
people and other living organisms and accelerates climate
change (8). Significant amounts of pollutants [such as ni-
trogen dioxide (NO,), sulfur dioxide (SO,), polycyclic aro-
matic hydrocarbons (PAHs), PM, and ozone (O;)] are pro-
duced on highways, freeways, streets, and roads in cities,
inflicting destructive effects on human health. In order
to reduce air pollution, planting trees and creating green
spaces in urban areas are among the desirable and least ex-
pensive ways. Therefore, in order to improve the quality
of life of citizens and reduce the risk of various diseases,
planting trees that have the ability to trap and neutralize
dangerous air pollutants should be considered (8-15).

The type of species planted, their growth rate through-
out the year, the density of vegetation, and post-planting
care (including timely pruning of trees) should be con-
sidered to create sufficient vegetation in urban areas (16-
19). Based on available evidence, there is a positive corre-
lation between vegetation density and the level of PM and
gaseous pollutants produced from natural and man-made
resources (8,20-23).

Previous studies have reported that trees have a di-
rect effect on reducing air pollution by absorbing pollu-
tant particles through stomata (holes in leaves barks) and
canopies (the highest part of tree canopy) (16, 24). Their in-
direct effects are mediated through the process of transpi-
ration (a biological process for reaching the right temper-
ature and improving respiratory function), which in turn
reduces atmospheric temperature and the rate of the reac-
tions that produce secondary pollutants (16, 25).
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Table 1. Search Terms and Literature Search Results

Term PubMed Science Direct Springer Web of Science Google Scholar Unique Results
Plant 14 37 2 14 70 156
Air pollutants 9 31 10 4 31 85
Species resistant 16 24 14 6 28 88
Long-term exposure 23 17 7 12 40 99
Urban area 18 1 22 24 47 122
Total 80 120 74 60 216 550
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Figure 1. The search strategy based on the PRISMA guideline
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The value of PM2.5 deposition differs significantly from
PM10 among different trees (26), but in general, the leaves
of each tree species with unique structures can retain sus-
pended particles, dust, and ambient air pollutants (27).
Trees with prominent and irregular circular cells on the
surface of their leaves are able to absorb large amounts of
toxic air pollutants through pores with different sizes. In
the same way, other species of trees with parallel veins and
grooves on the surface of their leaves, as well as trees with
scaly leaves can absorb large amounts of primary and sec-
ondary pollutants and improve air quality. Among other
trees are those whose upper and lower leaf surfaces are dif-
ferent. The upper surface with mesh projections can ab-
sorb a large amount of pollutants released in the environ-
ment, but at lower levels, due to the smoothness of the
leaves, they can absorb a small amount of pollutants as
well. The fine pores on the surface of the leaf or the pores
that play a key role in the exchange of air in the physio-
logical activities of the plant also have important roles in
the absorption of airborne particles (27). Fluffy living cells
also emerge from the leaf surface of plants and are able to
absorb contaminants with a small aerodynamic diameter
(27); however, fluffs are not very important compared to
stomata (26). In general, the most desirable characteristics
of trees that enable them to reduce air pollution is a combi-
nation of large and coarse leaves with complex and various
shapes and a large number of surface pores (26).

In addition, a comparison between conifers (ever-
green) and broadleaf (deciduous) trees has shown that the
aerodynamic diameter of PM absorbed by conifers is larger
than the diameter of the particles absorbed by broadleaf
trees. Among the factors affecting the diameter of the par-
ticles absorbed, one can mention the microscopic struc-
ture of leaf surfaces and the duration of dust remaining in
the environment, which are factors that have a great influ-
ence on the diameter of the particles absorbed on the leaf
surface (27).

3.2. Air Pollution

Air pollution occurs when one or more pollutants re-
main in the atmosphere in sufficient amounts and for a
period that can endanger human health and the life or bi-
ological functions of animals and plants life or unreason-
ably interfere with the pleasantness of life (28). Today, air
pollution is considered a serious threat to the health of liv-
ing organisms and the environment, and sometimes, it has
bad socio-economic consequences. Therefore, air pollu-
tion is considered as a global problem, and in addition, the
WHO has also announced air pollution as the cause of mil-
lions of premature deaths around the world (29-31). One
of the most dangerous and deadly atmospheric pollutants
are PMs, which are a complex mixture of tiny solid parti-
cles and liquid droplets (except pure water) dispersed in

the atmosphere. After being produced due to various ac-
tivities, they can travel long distances (via wind) and cause
short-term and long-term harmful effects (29, 32-34). Var-
ious reasons such as industrial activities, the growing of
human populations, and the consumption of fossil fuels,
especially during urban rush hours, can significantly in-
crease the concentration of PMs, especially PM10 particles,
which then enter the human body mainly through the res-
piratory system, causing diseases in vulnerable groups of
society (i.e., children, the elderly, people with heart and
lung diseases, and pregnant women) (29, 35). In recent
years, by passing laws and monitoring the strict imple-
mentation of national and international regulations, the
emission of PMs to the atmosphere has somewhat reduced
and become under control, but it is not possible to com-
pletely eliminate these substances because the process will
be technically very difficult and financially very expensive
(29).

Ozone (O3) is a secondary pollutant whose toxic effects
are mainly due to its oxidation ability. Exposure to this
compound will result in numerous adverse health con-
sequences, including damage to the respiratory system,
bronchitis, asthma, reduced lung function, other types of
pulmonary diseases, and increased risk of mortality (36-
40). The harmful effects of this toxic pollutant on plants
include significant damage to leaves, reduced growth, and
reduced fruiting. Another important pollutant produced
by various natural and human activities is NO, with red-
dish brown color and a very nasty odor that reduces the
quality of indoor and outdoor air. This compound is a cul-
prit of global warming and a physiological stimulant of
the lower respiratory tract (36). Sulfur dioxide (SO,) is an-
other contaminant responsible for air pollution that en-
ters the atmosphere through human activities in signifi-
cant amounts and substantially reduces visibility. Since al-
most all fossil fuels contain sulfur, it enters the air mainly
through the combustion of coal and petroleum fuels, caus-
ing negative impacts on the environment and the health
of living organisms (1, 41). Whenever SO, combines with
suspended solids and moisture droplets, it aggravates air
pollution via synergistic effects, increasing the risk of res-
piratory diseases in at-risk populations (1, 42).

As a group of organic air pollutants, PAHs are often re-
leased into the air due to the use and incomplete combus-
tion of fossil fuels in cars. They have destructive effects on
humans and the environment, which in addition to pre-
venting the growth of plants, can also promote mutage-
nesis and cause cancer in humans (43-45). Other harm-
ful contaminants that are toxic in low concentrations in-
clude heavy metals (HM), mainly lead, mercury, and cad-
mium, which have relatively high density and tendency to
accumulate in the human body, causing problems such as
CVDs, nervous system diseases, eye irritation, asthma, and
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lung dysfunction and increasing the risk of cancer over
lifetime, as well as other significant negative effects (7, 46).
Finally, we should mention acid rain (with a pH less than
5), the constituents of which are pollutants (such as SO,
and NOX) produced by various industries. Acid rain has
significant adverse effects on the environment, including
the acidification of natural water sources and damage to
aquatic life, leaching of soil nutrients that reduces the pro-
duction of crops and expansion of forests, changes in nat-
ural vegetation, as well as the destruction of old buildings
and historical sculptures (1). Figure 2 shows the sources of
air pollutants.

3.3. Impact of Various Pollutants on Plant Species

In recent years, air pollution has turned into a gen-
eral health problem, and one of the solutions to reduce
the problems caused by this phenomenon is to plant trees
widely in different places so that they can absorb pollution
from the environment, resulting in cleaned and refined air
(43). Among various environmental challenges; however,
air pollution is not a new phenomenon, yet it has serious
effects on public health. It is one of the most detrimental
factors and worrying threats disrupting life in large cities.
Therefore, the first step to reduce air pollution is to accu-
rately identify the pollutants released in the atmosphere
and their sources. The next step should be to quickly plan
to reduce the release of these particles and gases (43, 47,
48). Different plant species play a key role in reducing envi-
ronmental pollutants (including NO, and O;), depending
on the spatial pattern and type of planted trees, climatic
conditions, and the distance between vegetation and pol-
lutant sources (43). Plant species can reduce the load of en-
vironmental air pollution, but this may come at the cost of
destructive effects on plants. The impacts of air pollutants
on the structure of plant species vary according to their
biological traits, but in general, these pollutants disrupt
the function of plants and lead to their death at high con-
centrations. Different types of pollutants have their own
unique properties and have diverse effects on trees (7, 49,
50).

The effectiveness of urban green infrastructure strat-
egy in controlling air pollution and improving air qual-
ity depends on various factors, including climatic condi-
tions of the region, density and coverage of plant species,
and the ability of trees to absorb environmental pollutants
(43, 51-53). With the deposition of suspended particles and
gaseous pollutants on different parts of trees, these pollu-
tants absorbed through pores on the leaves and leading to
different biological reactions (43, 54, 55). In plant ecosys-
tems where pollutants accumulate on the leaves of trees, if
air is not exchanged for plant respiration, the life of plants
is threatened due to ensuing negative effects (43, 56, 57).
Also, some studies have reported that in areas with no veg-

Health Scope. 2023;12(1):e129786.

etation and trees compared to forest areas, open air flow
moderates air pollution by increasing the energy kinetic
of particles and creating unstable atmospheric conditions
secondary to the rapid transference of pollutants (43). Fig-
ure 3 shows the effects of pollutants on the plant environ-
ment.

3.4. Purification or Removal of Pollutants

Unfortunately, with the expansion of societies (urban-
ization) and industrialization, the environment is being
severely destroyed. Therefore, tree planting infrastructure
has acquired the attention of planners to control the en-
vironmental challenges caused by industrialization and to
reduce air pollution at a low cost (17, 58-60). Green spaces
and artificial forests created by city officials in different ar-
eas include a collection of trees and shrubs to suit the cli-
mate, soil, and water of the region, helping control the
hazards of pollutant emissions and improving air quality
(13, 61). Urban green spaces should be designed according
to the technical characteristics of trees (i.e., height, crown
shape, type of roots and leaves, resistance to heat and cold,
ecological conditions, applications, etc.), and it should be
noted that all these features depend on the weather condi-
tion of different seasons during the year where trees also
change, including leafing, with the change of seasons (13).
One way to use trees for air purification is to plant ever-
green trees (i.e., trees that have leaves for several years) in-
stead of deciduous trees (i.e., those that lose their leaves
during a part of the year) (13).

Although PM10 and PM2.5 are trapped by large leaf
stomata, leading to a reduction in their concentration in
the atmosphere, the continuous absorption of these par-
ticles causes substantial damage to plants (20, 58, 62). For
more than a century, lichens have been used to measure air
pollution based on the coexistence of algae and fungi and
their ability to ascertain the concentration of pollutants.
Lichens absorb pollutants through air, providing a desir-
able criterion for determining air quality index (10, 63, 64).

Research has shown that while urban green spaces and
trees planted in order to purify urban polluted air can
remove primary and secondary pollutants, but for vari-
ous reasons, city officials do not employ this strategy as
a routine procedure (43). For example, air entrapment
among the trees planted, especially under tree canopies,
in highly polluted areas may increase the local concentra-
tion of PAHs compared to the surrounding environment.
On the other hand, lower levels of O; have been detected
in urban forests compared to areas without tree coverage,
indicating the deposition and uptake of O; by trees, reduc-
ing the negative impacts of this pollutant on public health
(43). Finally, it should be noted that quantifying the capac-
ity of trees planted in urban green spaces for the uptake
of pollutants is difficult, requiring developing evaluation
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Figure 2. Sources of air pollutants

models (56, 58, 65). Figure 4 shows the benefits of planted
areas in reducing pollutants.

The factors affecting the growth or deterioration of
trees and shrubs in urban green spaces depend on the con-
centration and type of air pollutants, the condition and
type of soil, possible mechanical damages of trees (such
as broken branches and damaged skin), the ambient tem-
perature, and the growth space of trees (66-69). Evergreen
plants have attracted the attention of officials due to their
adaptability to tropical climates and resistance to drought,
environmental stress (such as salty and dry soil with poor
drainage), and air pollution (70, 71). Table 2 shows outdoor
air pollutants and their effects on human health.

4. Conclusions

Asmentioned, one of the benefits of trees in cities is the
absorption of pollutants. However, one should consider
environmental conditions to plant suitable tree species.
One of the social and environmental benefits of forests is
air pollution reduction. Therefore, if trees are planted near
pollutant sources, they will be more capable of absorbing
pollutants. Due to growing human populations in urban
areas, the rate of premature deaths due to air pollution is

expected torise, imposing significant social and economic
costs. Therefore, nature-based solutions are necessary to
reduce the effects of pollution in urban areas. Our purpose
here was to explore the benefits of plant remediation in
neutralizing gaseous pollutants and particles produced by
industries, machines, and other man-made polluting activ-
ities. Inaddition toreducing air pollution, the use of plants
and trees can beautify the environment and improve the
air temperature.
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