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Abstract

Today, most of people’s time is spent indoors. Air pollution indoors is much higher than outdoors. Therefore, the effect
of indoor air on human health is much more than the outside air. One of the most effective methods of reducing indoor air
pollution is the use of plants. However, in order for the plants to be used effectively for this purpose, it is first necessary to
determine which plants are the most effective in reducing which pollutants. Within the scope of this study, the Al accumula-
tion potential of seven ornamental plants, which are frequently used in interior architectural designs, was evaluated. Within
the scope of the study, the variation of Al concentrations on the basis of species and environment was determined in plants
grown in control, smoking environment, and traffic environment. As a result of the study, it was determined that Al concen-
trations changed statistically significantly both on the basis of environment and species, and the species with the highest Al

accumulation potential was difenbahya.
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Introduction

In the modern world, atmospheric conditions continue
to deteriorate every year due to pollution caused by vari-
ous sources, especially industries and automobiles (Cetin
et al. 2019a, b). Although air is an indispensable resource
for life, many people are unaware of the seriousness of air
pollution. However, air pollution, which causes significant
changes in the composition of the atmosphere, is one of the
most important factors threatening human health, as well
as having radically changing effects on life in the world
such as climate change (Varol et al. 2021a; Cetin 2019;
Cetin et al. 2020; Cantiirk and Kula¢ 2021; Elsunousi et al.

Responsible Editor: Philippe Garrigues

< Adel Easa Saad Abo Aisha
adelaboaishakastamonuuni @ gmail.com

Mehmet Cetin
mehmet.cetin@omu.edu.tr;
mehmet.cetin.landscape.architect @ gmail.com

Faculty of Architecture, Department of City and Regional
Planning, Ondokuz Mayis University, Samsun, Turkey

Department of Materials Sciences and Engineering, Institute
of Science, Kastamonu University, Kastamonu, Turkey

@ Springer

2021; Cetin et al. 2022a, b). According to the World Health
Organization (WHO), approximately 90% of the population
worldwide now breathes polluted air, and air pollution is the
cause of death of approximately 7 million people each year
(Varol et al. 2022a, b; Ghoma et al. 2022).

Air pollution is a more serious problem, especially
indoors. About 90% of the time of modern society is spent
indoors, and studies show that indoor air is 100 times more
polluted than outdoors (Cetin et al. 2017a, b; Yao et al.
2020). Because people spend most of their time indoors,
indoor air has a much greater impact on human health than
outdoor air (Jo et al. 2020).

One of the most effective methods of reducing indoor air
pollution is the use of plants. Plants are the most important
living groups in the world and form the basis of the food
pyramid. Therefore, life on Earth is largely dependent on
plants, directly or indirectly (Yigit et al. 2021; Ozel et al.
2021a, b). Plants also fulfill many ecological, economic, and
social functions (Ozkazanc et al. 2019; Yucedag et al. 2019;
Ertugrul et al. 2021). Studies show that plants reduce all
kinds of air pollution (Cetin et al. 2021).

In order for plants to be used effectively in reducing air
pollution, it is first necessary to determine which plant is
more suitable for the reduction of which pollutants. Within
the scope of this study, the Al accumulation potential of
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some plants, which are frequently used as indoor plants in
the world and as ornamental plants in landscaping in tropical
climates, were evaluated.

Materials and methods

Within the scope of the study, it was determined that the
individuals of camel sole (DT), difenbahya (DB), drasena
(DC), rubber (KC), chiefsera (SF), spatiphyllium (SP), and
yukka (YK) plants, which are frequently used as indoor
plants, grown in different environments. Deposition poten-
tials were tried to be determined. Within the scope of the
study, first of all, plants suitable for the purpose of the study
were obtained. These plants were selected from plants that
continued their normal development in pots with a diameter
of 30 cm. The plants subject to the study were placed in
three different environments:

a) Control environment; an environment that is suitable for
growing indoor plants, does not receive direct sunlight,
but is bright,

b) Smoking environment; suitable for growing indoor
plants, but where at least 10 cigarettes a day are smoked,

¢) Traffic environment; it was chosen as the curbside envi-
ronment at a distance of approximately 2 m from the
main road with continuous vehicle traffic, and the plants
were placed in the last week of May.

The plants were grown in the mentioned environments for
three months by performing regular weekly irrigation and
maintenance operations. Then, leaf samples were taken from
the plants in the first week of September and brought to the
laboratory. Al concentration in leaf samples was determined
with the help of the ICP-OES device, with the method used
in many studies (Aricak et al. 2019; Cetin et al. 2020; Cesur
et al. 2021, 2022). The obtained data were evaluated with
the analysis of variance and Duncan test using the SPSS
package program.

Results

Within the scope of the study, the variation of the Al concen-
tration in plants grown in different environments was deter-
mined on the basis of species, and the average concentra-
tion values, the F value obtained as a result of the variance
analysis and the error rate and the groups formed as a result
of the Duncan test are given in Table 1.

When the table values are examined, it is seen that the
variation of Al concentration on the basis of species in all
environments has changed at a statistically significant level
(at least p <0.01) as a result of the analysis of variance. The
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Table 1 Variation of Al concentration (ppm) by species
Species Environment Average

Control Cigarette Traffic

DT 34.15a 21.36a 1723 a 2424 a
DB 7020 g 4327e 35.45d 49.64 ¢
DC 4197b 2291b 2121a 28.69 ab
KC 55.62e 25.69 ¢ 28.08 ¢ 36.46 ab
SF 58.96 f 31.76d 29.79 ¢ 40.17 be
SP 51.13 ¢ 31.85d 25.83 be 36.27 ab
YK 52.73d 34.6le 26.62 be 37.98 be
F value 2479.012 956.313 8.414 3.802
Error 0.000 0.000 0.001 0.003

lowest value was obtained in the DT type with 34.15 ppm
in the species grown in the control environment, while the
highest value was obtained in the DB type with 70.20 ppm.
It is seen that the values obtained in other species are
41.97 ppm in DC, 51.13 ppm in SP, 52.73 ppm in YK,
56.62 ppm in KC, and 58.96 ppm in SF, in ascending order.
As a result of the Duncan test, each of the species formed a
separate group.

While the lowest Al concentration was obtained in the
DT type with 21.36 ppm in the smoking environment, it was
followed by DC with 22.91 ppm, KC with 25.69 ppm, SF
with 31.76 ppm, and SP with 34.82 ppm, respectively. The
highest Al concentrations in smoking environments were
obtained in DB with 43.27 ppm and in QC with 34.61 ppm.
As a result of Duncan test, SF and SP grown in smoking
environments formed the fourth group, while each of the
other species formed a separate group.

On the other hand, the lowest Al concentration was
obtained in the DT species with 17.23 ppm in the plants
grown in the environments with traffic, while the next low-
est values were obtained in DC with 21.21 ppm, SP with
25.83 ppm and YK with 26.62 ppm, respectively. As a result
of the KC and SP Duncan test from these species, each of the
other species, which were included both in the same group
and in the second and third groups, formed a separate group.
The highest values were obtained in DB with 35.45 ppm, SF
with 29.79 ppm and KC with 28.08 ppm in plants grown in
environments with traffic, and KC and SF were in the same
group as a result of Duncan test.

When the average of the values in all three environments
is taken, it is seen that the species are collected in only three
groups as a result of the Duncan test. According to the mean
values, DT (24.24 ppm) with the lowest Al concentrations is
only in the first group, and DB with the highest value is only
in the last group, while DC (28.69 ppm), KC (36.46 ppm)
and SP (36.27 ppm) were in the first two groups, while
SF (40.17 ppm) and YK (37.98 ppm) were in the last two
groups. It is noteworthy that the lowest Al concentrations

@ Springer



18750

Environmental Science and Pollution Research (2023) 30:18748-18754

were obtained in DT species and the highest Al concentra-
tions were obtained in DB species in all environments and
according to the average values.

The graph showing the variation of Al concentration by
species in different environments is given in Fig. 1

Within the scope of the study, the changes in the concen-
trations of Al in each species on the basis of the environment
were determined separately, the average concentration val-
ues, the F value obtained as a result of the variance analysis
and the error rate and the groups formed as a result of the
Duncan test are given in Table 2.

When the variation of the Al concentration on the basis
of the environment is examined, it is seen that the change
on the basis of environment is statistically significant at
the 99.9% confidence level, both in all species and accord-
ing to the average values. When the mean values and the
groups formed as a result of the Duncan test are examined,
it is noteworthy that all the values obtained in the traffic
environment are in the first group as a result of the Dun-
can test. The values obtained in the smoking environment
for DC, KC, and SF types were also included in the first
group as a result of the Duncan test. The highest values in
all species were obtained in the control environment. The
graph showing the variation of the Al concentration on the
basis of the medium is given in Fig. 2.

Fig. 1 Variation of Al concen-
tration (ppm) by species
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Table 2 Change of Al concentration (ppm) by medium

Species Environment F value Error

Control Cigarette Traffic
DT 34.15¢ 21.36 b 1723 a 153,598 0.000
DB 70.20 ¢ 43.27b 3545a 139,110 0.000
DC 41.97b 2291 a 2121 a 134,359 0.000
KC 55.62b 25.69 a 28.08 a 189,351 0.000
SF 58.96 b 31.76 a 29.79 a 142,660 0.000
Sp 51.13¢ 31.85b 25.83 a 134,043 0.000
YK 52.73 ¢ 34.61b 26.62 a 133,005 0.000
ORT 52.11b 3021 a 26.31a 56,900 0.000
Discussions

Within the scope of the study, the variation of Al concentration
in some plants grown in different environments on the basis
of species and habitat was determined. Al, the element that is
the subject of the study, is one of the important and common
heavy metals, and as with every heavy metal, it creates a toxic
effect when taken in high concentrations and brings serious
health problems with it (Teyin and Nizamlioglu 2020). Alu-
minum causes allergic effects in the body and Alzheimer’s
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Fig.2 Variation of Al concen-

tration (ppm) by medium
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disease by affecting the neurological system (Celik 2014). Due
to its widespread availability, Al is one of the most studied
elements. Studies show that the Al concentration varies sig-
nificantly depending on the species and growing environment
(Hmeer 2020). In addition, it has been determined that the Al
concentration varies significantly depending on the organ and
organ age in plants (Cobanoglu 2019).

Al is one of the important heavy metals. Heavy metals
are the elements emitted into the atmosphere mainly from
mining activities, industry and traffic (Ucun Ozel et al.
2019; Alaqouri et al. 2020a, b). Studies show that many of
the heavy metals can be toxic, poisonous and lethal even
at low concentrations (Turkyilmaz et al. 2018a, b; Aricak
et al. 2020), and that even those that are necessary as nutri-
ents for living things are harmful at high concentrations
(Isinkaralar et al. 2022; Tekin et al 2022; Savas et al. 2021).
Heavy metals are included in the priority pollutant list of
the “Agency for Toxic Substances and Disease Registry”
(ATSDR) because they are toxic to living organisms at high
concentrations. Silver (Ag), aluminum (Al), arsenic (As),
barium (Ba), beryllium (Be), cadmium (Cd), cobalt (Co),
chromium (Cr), copper (Cu), lead (Pb), manganese (Mn),
mercury (Hg), nickel (Ni), palladium (Pd), plutonium (Pu),
antimony (Sb), selenium (Se), strontium (Sr), thallium (T1),
thorium (Th), uranium (U), vanadium (V), and zinc (Zn) are
these elements (Badea et al. 2018).

Heavy metals are elements that have been studied exten-
sively due to their importance for human and environmental
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health. In order to monitor the changes in the concentrations
of heavy metals in the air and to reduce heavy metal pollu-
tion, it is necessary to separately determine which heavy
metals are accumulated more intensely by which plants (Kog
2021a). Therefore, many studies have been conducted on
the accumulation levels of different heavy metals in vari-
ous plants (Sevik et al. 2019a, b; Turkyilmaz et al. 2020;
Isinkaralar 2022a, b). In the studies, it was tried to deter-
mine the plants with the highest capacity to accumulate each
heavy metal.

Heavy metal accumulation in plants can be from roots
or airborne leaves. There are many factors that affect the
entry and accumulation of heavy metals in the plant body
(Turkyilmaz et al. 2019). The most important of these
factors is environmental conditions. Because plant devel-
opment and all phenotypic characters are shaped by the
mutual interaction of genetic structure (Sevik et al. 2012;
Giiney et al. 2019a, b) and environmental factors (Yigit
et al. 2019; Kog¢ 2021b, c; Varol et al. 2021b). One of the
most important environmental factors is climatic (Sevik
et al. 2016; Cetin et al. 2018a, b, 2022a, b). Heavy met-
als in the air can both adhere to the leaf surface and enter
the plant through stomata (Karacocuk et al. 2022; Ghoma
et al. 2022). Therefore, it is stated that leaves are the most
suitable organs to be used for monitoring heavy metal pol-
lution in the air (Sevik et al. 2020a, b; Cetin and Jawed
2021, 2022). The design of indoor plant used in the reach
showing in Fig. 3.
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Fig.3 Design of indoor plants

Conclusions

Within the scope of this study, the change of Al concen-
tration in seven plants was determined. The plants that are
the subject of the study are plants that can be easily grown
in pots, are very easy to grow and reproduce, and are fast
in development. Therefore, they can be used effectively in
reducing heavy metal pollution, especially in indoor envi-
ronments. As a result of the study, it was determined that
the species with the highest Al accumulation capacity was
difenbahya. Therefore, difenbahya can be used effectively to
reduce Al pollution in the air in areas with high Al pollution.
Within the scope of the study, it was determined that the
Al concentrations determined in most of the plants in the
smoking environments were higher than the concentrations
in the plants grown in the areas with heavy traffic. This result
shows that heavy metals such as Pb, Co, and Cd, which are
extremely dangerous for human health, can also accumu-
late in high concentrations due to smoking. Therefore, it is
recommended to carry out comprehensive studies on heavy
metal accumulation due to smoking, especially indoors.
Heavy metals in the air enter the plant body mostly
through the leaves. Therefore, it is stated that leaves are
the most suitable organs to be used for monitoring air pol-
lution. In addition, leaves are the most suitable organs that
can be used to reduce heavy metal pollution in the air.

@ Springer

Therefore, it is recommended to concentrate studies on the
subject, especially on broad-leaved species.
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