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Abstract

Tobacco smoke causes to release severe toxic metals into the environment. It is recognized as the most significant issue in
indoor air quality. Pollution and toxic substances in smoke quickly spread and penetrate the indoor environment. Environ-
mental tobacco smoke is responsible for lowering indoor air quality. There is much evidence that poor air quality occurs
with inadequate ventilation conditions in indoor environments. The plants have been observed to absorb the smoke in the
environment into their own body like a sponge. The plant species in this study can be used easily in almost every office, home,
or other indoor areas. Using indoor plants is very beneficial in biomonitoring and absorbing these trace metals. Some indoor
plants have shown successful performance as biomonitors for health-damaging pollutants. The study aims to determine the
concentration of three trace metals (Cu, Co, and Ni) using five indoor ornamentals frequently used in smoking areas, namely
D. amoena, D. marginata, F. elastica, S. wallisii, and Y. massengena. The Ni uptake and its accumulation in S. wallisii, and
Y. massengena increased in correlation with smoke areas. However, the rate of accumulation of Co and Cu was found to be
independent due to consideration of the environmental emissions. Consequently, our results suggest that F. elastica is more
resistant to smoking, whereas S. wallisii would be a better choice as a biomonitoring plant of tobacco smoke.

Keywords Air exchange rate, Biomonitoring - Indoor air control - Smoking indicator - Ventilation

Introduction

Tobacco smoking became the most significant contribu-
tor to ambient pollution that causes low indoor air quality
(IAQ) worldwide (Obore et al. 2020; Blount et al. 2021;
Rajagopalan and Goodman 2021; Isinkaralar 2023). Peo-
ple spend their time in closed areas such as houses, offices,
cafes, and restaurants with limited ventilation due to gase-
ous emissions in the indoor environment. They are affected
much more than the non-smoke areas (Persily 2015; Rostami
et al. 2021). The main factor in the decrease in IAQ is the
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non-ventilated or limited-ventilated environments. Tobacco
and its derivatives, such as cigarettes and water pipes, have
been considered one of the most harmful indoor air pollution
pollutants. Indoor plants are adversely affected by tobacco
smoke (Rumchey et al. 2017). Although most countries pro-
hibit cigarettes and their products, which have a license to
use tobacco, there are permits in close areas (Fix et al. 2019).
The various absorption abilities of plants in closed areas
as biomonitors have been beneficial due to the exposure
to many pollutants in the IAQ. Due to tobacco use, indoor
plants have different toxic elements and have been exposed
to contaminants (Forster et al. 2018). Therefore, observing
the TAQ primarily emanating from its source is necessary.
The indoor air pollutants have increased with several
indoor activities because they have been released from
many sources and accumulated at different levels. A pri-
mary concern stems from cigarette smoke contains more
than 7000 chemicals in the gas or particulate phase (WHO
2021). Moreover, cigarette smoke is an aerosol containing
thousands of chemicals. Ninety-two to ninety-five percent
of mainstream smoke, including 0.3-3.3 billion particles at
1 mL, are in the gas phase (Singh et al. 2022). The average
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particle diameter is 0.2—0.5 mm, and this size is also breath-
able (Schilling et al. 2021). Cigarette smoke is pharmacolog-
ically active, and it causes antigenic, cytotoxic, mutagenic,
and carcinogenic damage in humans. The gas phase pollut-
ants contain carcinogens such as acrolein and acrylnitirle,
hydrocyanic acid and acetaldehyde, nitrogen oxides and car-
bon monoxide (Hoh et al. 2012; Janaydeh et al. 2019; Kollati
and Mohapatra 2021). More than 8 million people pass away
annually from tobacco addiction, and 8 million people may
lose their lives this century due to smoking (Peprah et al.
2021). Also, more than 480,000 deaths yearly and more than
41,000 deaths from second-hand smoking exposure in the
USA (Kim et al. 2019; Orri et al. 2021; Welker 2021).

Moreover, passive smoking leads to many diseases and
premature deaths in children and adults (Vanker et al. 2017;
Ghosh and Mukherji 2021). Also, it has been associated
with various health impacts such as sudden infant death syn-
drome, acute respiratory infections, ear problems, risk of
severe asthma, and slow lung development detected in pas-
sive smoker children (Pan et al. 2015; Cho 2020; Lelieveld
et al. 2020; Neuberger 2021). Toxic substances caused by
smoking are spread throughout the environment, and non-
smokers have penetrated the respiratory system (Palazzi
et al. 2019; Rice et al. 2020). Numerous studies have been
accomplished on the smoking effects and discussed the
relationship between exposure and biomonitoring results
(Abdullah et al. 2017; Lin et al. 2017; Wani et al. 2018; Raj-
fur et al. 2018; Tan et al. 2018; Chen et al. 2021). Although
trace metal concentrations were analyzed from cigarettes and
tobacco, biomonitoring studies of toxic metal pollution are
quite limited (Aricak et al. 2020; Swistowski et al. 2022).
Many plant studies have been conducted on biomonitoring
for toxic metal pollution from tobacco smoke (Vimercati
et al. 2016; Kumakli et al. 2017). Indoors, plants are subject
to several IAQ, smoke, and water availability stresses. It,
therefore, plays a vital role in the absorption of many toxic
metals. However, some research shows that the ability to
absorb elements in some ornamental species that grow in
smoky areas leads to the degradation of their leaves (Viana
et al. 2011; Benson et al. 2017; Gushit et al. 2022). The
adverse effect of tobacco smoke has been highly demon-
strated on the indoor plant due to cause degradation proper-
ties and composition of leaves. Notably, tobacco smoke has
been widely used for analyzing toxic and essential heavy
metals using plants. The determination of the capacities of
the plants used is in parallel with the absorption of metals
in the indoor air. Tobacco product dissimilarities in terms
of species and indoor plants may serve for both considering
air pollution impression and diagnosing potential biomoni-
tor species.

The most frequently used plant species as indoor orna-
mental plants in almost all parts of the world, especially
in Europe, are Dieffenbachia amoena, Dracena marginata,

Ficus elastica, Spathiphyllum wallisii, and Yucca massen-
gena. They are also known as decorative species extensively
used indoors because they have left much different from the
natural vegetation. They have other leaf structures in shape
or color, making them visually valuable because they are
often used indoors. Another reason these plants can be used
indoors is that they do not encounter frost and cold air in
their natural distribution area. They are significantly dam-
aged by frost outside their natural distribution area, and
they can be grown indoors because they are not exposed
to frost damage. In the selection of the species used, their
widespread presence in the indoor environment has been
the main reason for preference. Recent studies of the litera-
ture have found evidence that tobacco smoke indoors may
show the accumulation of certain metals such as arsenic
(Ar), cadmium (Cd), chromium (Cr), lead (Pb), beryllium
(Be), and polonium (Po). However, there is actually a lack
of knowledge about the accumulation of cobalt (Co), copper
(Cu), and nickel (Ni) in ornamental plants. This work aims
to determine the deposition of Co, Cu, and Ni on the leaves
of indoor ornamental plants D. marginata, Y. massengena,
F. elastica, S. wallisii, and D.amoena.

Materials and methods
Plant materials and preparation

The species subject of this study is Dieffenbachia amoena,
Dracena marginata, Ficus elastica, Spathiphyllum wal-
lisii, and Yucca massengena, which are naturally spread
in tropical and subtropical regions. They were placed in
smoking areas (SA) and non-smoking areas (NSA as refer-
ence points) to determine the effect of cigarette smoke. A
total of 10 smoke areas were selected on these areas keep-
ing around 1 m of the distance between the smoke zone.
Three non-smoking indoor areas were chosen as reference
points and indoor sunlight is more limited. In our previous
work, we extensively explained through leaves, including
under control environment (Ghoma et al. 2022). They have
almost the same age and grow under the same conditions.
Indoor air parameters for a non-controlled condition (SA),
such as room temperature (21.67 +3.28 °C), window open-
ing ratios of 21-49% depend on outdoor temperature, and
smoking frequency (defined as > 8 cigarettes per smok-
ers) were continuously controlled and recorded periodi-
cally by regulating the frequency of the supply air volume
controller. Cigarettes, tobacco use, and hookah smoke
occur intensely in the ambient air. Also, the ventilation
rate at night was investigated based on smoke concentra-
tion while the ventilation rate is only for at least 10-min
intervals in the morning when no one is inside. In addition,
to understand more clearly how much is absorbed from
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the smoke, species with the same age and characteristics
were collected from an indoor environment that can be
considered as a reference point. For a controlled condition
(NSA), doors and windows were closed for at least 8§ h
without mechanical ventilation. A controlled process was
monitored to ensure that the dimensions and diameters of
the leaves (n=250) collected for sampling were the same
and environmentally controlled. In order to maintain the
impact of the particles on the leaf on the analysis results,
it was first prepared for analysis without washing. Then,
to reduce the impact of contaminants or particles sticking
to it, it was washed many times with pure warm water and
dried at room temperature until the moisture was gone.

Analyses of total toxic metals

Species ready for analysis were first put in glass contain-
ers in a controlled oven and kept at 50 °C for about two
weeks (until the moisture inside was removed) without
being exposed to any pollutant effects from outside and
indoor air. Each sample was taken in a polytetrafluoroeth-
ylene (PTFE) vessel and weighed before and after drying.
After drying, it was converted into a smaller particle form
in a ring mill and placed in the vessel at 0.45+0.05 g.
Into the beakers, respectively (i) 3 mL hydrochloric acid
(38 wt% HC), (ii) 6 mL nitric acid (72 wt% HNO,), (iii)
2 mL hydrogen fluoride (49 wt% HF), (iv) pressurized
mixer until it reaches a paste-like consistency. (iv) Then,
it was conducted in a microwave digestion machine until
180 °C at 25 min, (v) HCIO, was then added to the cooled
samples to the vessels to remove HF and acid digestion
successfully, and (vi) drying leaves are done with 105 °C
for the evaporation of excess water in the containers After
30 min, it was filtered through filter paper and analyzed by
inductively coupled plasma optical emission spectrometry
to the concentrations of Co, Cu, and Ni trace elements pre-
sent (ICP-OES, Spectroblue, Germany). The results were
verified by comparing them with the analysis of certified
reference material for quality control of the degradation
process.

Statistical analysis

The data was collected after several experiments with smok-
ing frequency, type of indoor species, and ventilation period
by smoking. One-way ANOVA was used by least significance
was applied to statistically significant differences between
control samples with a confidence interval of 95%. Duncan’s
test determined homogeneity groups between elements by
IBM SPSS analytical software version 22.0 for Windows.
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Results and discussion

A total of 250 leaves were evaluated for Co, Cu, and Ni
contamination in species. The leaf deposition ensured sus-
tainable monitoring of the increasing amount of Co, Cu,
and Ni metals. They examine the degree of Co, Cu, and Ni
regarding human and environmental health. The ease of
using leaves is not only due to the cost-effectiveness and
feasibility of identifying pollutants based on species and
environment. Statistical analysis showed that trace metal
change was evaluated separately for each component. The
washed leaves (W) and unwashed leaves (UW) in the non-
smoke area (NSA) and smoke area (SA) were considered
individual results, and the F value was obtained from the
ANOVA and Duncan test. All results show that the change
of Co, Cu, and Ni metals in all environments was statisti-
cally significant, with a 99.9% confidence level (p <0.001)
in Fig. 1.

The Co concentration ranged from 26.5 pg/kg in the W
of D. amoena to 520.7 pg/kg in the NSA of Y. massengena,
while it ranged from 242.4 pg/kg in the UW of S. wallisii
to 623.3 pg/kg in D. amoena. Duncan’s test results are
remarkable: the lowest value was obtained in the NSA-W
and the highest in the NSA-UW of D. amoena. The low-
est average scores were obtained in D. amoena and D.
marginata of NSA-W, while it was attained in SA-W of D.
marginata. On the contrary, the highest importance was
accepted in the SA of S. wallisii. However, the Co con-
centration is more regularly distributed in S. wallisii than
others due to the same group of NSA-W and NSA-UW. In
SA, the concentrations range was analyzed D. marginata
as 73.8 to 348.3 pg/kg in W of D. amoena. In comparison,
the Co concentration was shown to score similarly in the
UW of F. elastica range from 300 to 430.9 pg/kg of S.
wallisii. According to Co concentration, the most suitable
specie is in S4 for monitoring accumulation level. In all
species except S. wallisii, Co concentrations in NSA-UW
were higher than NSA-W, although in all species except
D. amoena—Y. massengena were higher in UW than in W
in SA. In general, Cu concentrations were not influenced
by cigarette smoke and are thought to depend on other
conditions in all types. Further analysis exhibits the Co,
Cu, and Ni concentration (pg/kg) biomarkers for washing
conditions in different species in Fig. 2.

Based on Fig. 2, the minimum amount acquired in
the NSA with 1120 pg/kg of UW, and 1730 pg/kg of
W, although the top record in the NSA was 25,390 pg/
kg and 17,420 pg/kg of W and UW. In SA-W, the low-
est value was obtained at S2 with 2116.6 pg/kg, while
the highest was achieved at F. elastica with 13,820 pg/
kg. Conversely, in SA-UW, 1163.3 pg/kg was found in
D. amoena as the least; for all that, 22,066.6 pg/kg was
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attained in F. elastica. In all species except D. marginata
and Y. massengena, Cu concentrations in NSA-UW are
higher than NSA-W, whereas in all species except D.
amoena—Y. massengena are higher in W than in UW in
SA. Cu concentrations in several types except Y. mas-
sengena are generally higher in SA than in NSA. The
mean concentration ranged from 590 pg/kg of S3 to
1219.4 pg/kg in NSA-W of D. amoena, even though the
redundancy level was between 701.4 pg/kg (F. elastica)
and 1435.5 pg/kg (Y. massengena) in NSA-UW. Smoking
has changed as SA; the lowest value in W was obtained
at 804.7 pg/kg, although this amount was increased to
2482.4 pg/kg of Y. massengena. Correspondingly, it was
gained in F. elastica with 746.9 pg/kg, and the highest
value was gotten in S. wallisii with 2336.6 pg/kg. In all
species except D. amoena, Ni concentrations in NSA-UW
are higher than NSA-W, although in all species except S.
wallisii are higher in W than in UW in SA. Ni concentra-
tions in all types except D. amoena are generally higher
in SA than in NSA.

Decorative plants can live with low light conditions as
they naturally spread in the under-forest flora of the natural
distribution area. The goal in designing and remediating IAQ
focuses on providing healthful and relieving indoor ambient.
Many plants are impressive and included in the absorption
mission for IAQ. Given that many plants grown indoors are
frequently preferred indoors for many reasons, such as help-
ing to increase air quality, adding esthetic value to the envi-
ronment, and contributing to biocomfort by increasing the
humidity of the environment and the plants. Studies show
that indoor plants reduce trace metal concentration from
the indoor air by accumulating metals (Wood et al. 2006;
Séanchez-Soberén et al. 2015; Torpy et al. 2017). Tobacco
burning constitutes particulate matter, PAH, and heavy met-
als related to increased smoke density and other indoor con-
ditions, such as inefficient ventilation. This usually leads to
excessively high toxic concentrations in the surroundings of
the smoke areas. Numerous studies were conducted to con-
trol indoor air quality, contributing to harmful metals (Sala-
mone et al. 2017; Mannan and Al-Ghamdi 2021; Istanbullu
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et al. 2023). Trace metals can get into the plant body by
being absorbed by the plant root from the ground or by the
plant leaves and stem directly from the atmosphere (Lajayer
et al. 2017; Luo et al. 2019; Isinkaralar et al. 2022). Inade-
quate data exist to constitute an explicit association between
tobacco smoke and all toxic metals in plants. However, plant
leaves are the organs that interact with and interact with the
air the most. Air enters through stomata in leaves and can be
taken into the leaf structure with metals in the air. In order to
conduct bioassays in D. amoena, D. marginata, F. elastica,
S. wallisii, and Y. massengena are selected to investigate
Co, Cu, and Ni deposition with extensive leaf areas. It is
known that Co, Cu, and Ni adhere to atmospheric particulate
matter, which moves, dry deposition, and accumulate with
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particles. In our study, it was determined that they gath-
ered with Co, Cu, and Ni. The fact that these species have
a large leaf surface causes them to be exposed to tobacco
smoke in a closed environment. It causes them to come
into contact with pollutants with several toxic metals for a
long time. Various researchers have associated many toxic
metals derived from tobacco smoke. Few of these studies
have accounted for ornamental plants, which may confound
relationships between absorption rates and physicochemi-
cal properties. Therefore, this research intends to find other
toxic metals (Co, Cu, and Ni) that can directly or indirectly
enter the plant body via either the symplast or the apoplast.
They can restrict metal uptake by precipitating or forming
complexes in the rhizospheric region.
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Continuously smoking activities are significantly associ-
ated with releasing air pollutants and reacting them at room
temperature under UV light. In our study, Co, Cu, and Ni con-
centrations have been generated without ventilation, sometimes
in daylight and sometimes under room lighting for long hours.
Although there was limited evidence of Co, Cu, and Ni deposi-
tion on plants in this study, Ni accumulation levels were higher
in tobacco species. It indicates that the investigation results still
suggest storage, even after biomonitoring for the Ni levels that
may arise from various burning tobacco products. Some schol-
ars have already studied that the smoke gases from conventional
tobacco and waterpipe are caused to varying concentrations
of toxic metals and harmful particles (Hormann et al. 2018;
Liao et al. 2019). Although some metals like Co were deposited
lower than Cu and Ni, researchers concluded that further moni-
toring is necessary. Cu and Ni variations could also be due to
atmospheric Cu and Ni exposure and may be influenced by dif-
ferences in uptake plant indexes. Nevertheless, this is the case
with smoke exposed to other toxic metals; it deposits quickly on
in-door species. Arain et al. (2015) investigated As and Cd lev-
els in tobacco smoke and showed that their content might vary
by tobacco plants grown on agricultural soil. Panhwar et al.
(2016) analyzed to assess exposure to Al and Cd in cigarette
tobacco. These toxic metals have been released into the envi-
ronment and can potentially harm humans. Jain’s study (2016)
showed that the tobacco use questionnaire between 2005 and
2012 was for males and females. This study searched the vari-
ability in the u-SCN, u-P8, and u-NO3 by several factors such
as age, gender, race/ethnicity, and passive and active smok-
ing. It is performed that active smoking was connected with a
higher adjusted grade of u-SCN. A strong positive correlation
was found between smoking and toxic elements by Campo et al.
(2016), Barn et al. (2018), and Cai et al. (2019).

Few studies have extensively assessed several harmful ele-
ments for indoor air quality as biomarkers (Budaniya and Rai
2022). Researchers have reported a large amount of trace metal
due to tobacco smoke correlated with several toxic metals (Chi-
wocha et al. 2009; Sawidis et al. 2012; Arfaeinia et al. 2022).
Brilli et al. (2018) demonstrated evidence via indoor plants for
reducing indoor air pollutants from CO, CO,, VOCs, formalde-
hyde, several hydrocarbons, and PAHs. Plants can absorb them
as a low-cost method by their stomata. So far, most ornamental
plants are used to clean indoor air as high performance. In the
previous studies to evaluate plant smoke exposure, several toxic
compounds and metals accumulate in their tissue and leaves.
Although, their report stated that the accumulation of metal pol-
lutants has been observed in several plants by researchers (Yayla
et al. 2022; Sulhan et al. 2022; Isinkaralar 2022a, 2022b, 2022c).

There is growing evidence that absorption rates in plants
may have different consequences. Although it is unclear how
and where they are contaminated, it is interesting that many
contaminants have been monitored in the smoke environ-
ment due to various experiments. When the smoke rate is

high, toxic metals are efficiently removed and can directly
depress the leaves, reflected in more growth decomposition.
Several studies have demonstrated that plants are common
biomarkers in smoke areas. About two or three decades later,
ornamental plants suggested that all air contaminants need
to be addressed, not just toxic metals from tobacco smoke.
So far, although increasing research has made an effort to
associate trace and toxic metals from burning tobacco on
plants, the deposition is inconsistent partly due to several
indoor states. However, the overall capacity of plant-based
air pollution removal in natural conditions is unknown. Our
findings assist the hypothesis of “absorption by plants” trace
elements as a primary cause of tobacco smoke. Further stud-
ies on bioindicator-plants toxic metals are needed for IAQ.

Conclusion

We found that the biochemical accumulation of D. mar-
ginata, Y. massengena, F. elastica, S. wallisii, and D.
amoena was studied in response to tobacco smoke. The
study compared five potential biomonitor plants for their
absorbed level. Trace metals significantly absorbed all the
metals in species. A comparative analysis of their absorp-
tion approach has been made under the same conditions.
Our study also proposed the absorption levels and average
amounts of Co, Cu, and Ni elements as selected metals in
plants' leaves. All species absorb high amounts of toxic
metals from the indoor air depending on their morphologi-
cal characteristics. Following Ni accumulation in leaves
was positively correlated with smoke, although Co and
Cu were not the only tobacco source. Co and Cu con-
centrations showed an independent increasing or decreas-
ing trend in species, but the reasonable increase was in S.
wallisii, and Y. massengena. The deposition trend of F.
elastica was also recorded as pollutant-resistant to smoke
compared to metal concentration, however, S. wallisii was
found to be significantly absorbed by the Ni deposition.
Thus, S. wallisii is a better biomonitor of Ni metal than Y.
massengena. Hence, a possible correlation of other toxic
metals will be a promising study for biomonitoring that
can measure the concentration of different metals in the
selected environment in future studies.
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