EEET ECOLOGICAL ENGINEERING
& ENVIRONMENTAL TECHNOLOGY

Ecological Engineering & Environmental Technology 2024, 25(9), 268-276
https://doi.org/10.12912/27197050/190450
ISSN 2299-8993, License CC-BY 4.0

Received: 2024.06.16
Accepted: 2024.07.10
Published: 2024.08.01

The Sulfur Dioxide Absorption Capacity of Plants Tecoma Stans
and its Effect on Antioxidants

Sura Razzaq Manhee Al-Jaba', Ameera O. Hussain Al-Janabi™

' Environmental Pollution Department-Environmental Sciences, College-Al-Qasim Green University,
Babylon 51013, Iraq

* Corresponding author’s e-mail: ameeraenvironment77@yahoo.com

ABSTRACT

The current study used to prove the efficiency of Tecoma stans to sulfur dioxide gas (SO,) was at a concentration
of 10 mg-m= which is equal to 3.82 ppm for the period from summer exposure (May — June 2023) to reduce
SO, thus reduce some gaseous pollutants that cause global warming and some air pollutants and know the effect
of seasonal conditions to mitigate these pollutants. The physiological changes of the three replicates of study
plant were observed through equal time periods daily for a period of seven days covered with polyethylene
under controlled conditions represented by a greenhouse. The process was repeated three times between the
three exposures provide rest periods for the plant for a week. During summer exposure, it was found that the
concentration of flavonoids was significantly increased as compare to control (5.222 + 0.27 mg/100 ml of ex-
tract) from 6.58 + 0.43 to 6.24 + 0.31 mg/100 ml of extract, but this concentration was increased after the third
exposure into to 6.99 + 0.29 mg/100 ml of extract. There was decrease in Tannins concentration after the second
exposure (with concentration 1.5 + 0.05 to 0.72 £ 0.01 pl/ml)), but this concentration was returned increased
significantly to 1.36 & 0.01 pl/ml) after the third exposure to SO,. Also in The enzyme activities for peroxidase
(POD), superoxide dismutase (SOD) and catalase (CAT) demonstrated varied responses to SO, exposure, and
T. stans showing distinct patterns of enzyme activation. The effect of POD and CAT increased in plants which
exposure into SO,, whereas CAT play important role in inhibition of ROS.

Keywords: phytoremediation, pollution, antioxidants, flavonoids, tannins, catalase, superoxide dismutase, peroxidase.

INTRODUCTION a risk to health of human (Burns et al., 2020). Air

pollution prevention efforts have received a lot of

Air, the most essential element for all life on
Earth, has been polluted to dangerous levels due
to widespread urbanization. Air is considered pol-
luted when there are more particles and chemi-
cals in it than would be expected under normal
circumstances (Lee et al., 2020a). Globally, in-
creased levels of headaches have been linked to
increased levels of air pollution. A recent report
by the World Health Organization found that 91
percent of the global population lives in places
where air pollution levels are too high (Zhang et
al., 2020). Carbon monoxide, sulfur oxides, ni-
trogen oxides, volatile organic compounds, and
particulate matter containing toxic metals are just
a few examples of the many pollutants that pose
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attention and resources (Zeng et al., 2019).

Some air pollution is caused by natural pro-
cesses but the vast majority is caused by human
activities (anthropogenic) like manufacturing,
transportation, waste disposal, and farming. With
its ability to bring about cardiovascular disease,
stroke, lung cancer, and respiratory illnesses, air
pollution has been named by the WHO (2014) as
the greatest single environmental health risk in
the world. Air pollution has many negative ef-
fects, one of which is global warming (He et al.,
2017). Air pollution and climate change have a
double whammy effect: reducing ecosystem pro-
ductivity and future water availability (Lee et al.,
2020). Reducing emissions of air pollutants is one
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strategy for mitigating the negative health effects
of pollution of air. Adsorption and catalysis, two
physically and chemically complex processes,
are frequently used to reduce pollution emissions.
Due to the high initial investment and ongoing
running costs associated with such procedures,
they are also typically quite pricey (Cao et al.,
2019; Burns et al., 2020). The pollutant air could
also be cleaned up by various methods such as
photo-catalysis, activated carbon adsorption, and
houseplants can be used to effectively purify air
within a building (Bhave and Yeleswarapu, 2020;
Dhanabalan et al., 2020; Zhang et al., 2020).

SO, is a major air pollutant that mainly origi-
nates from the combustion of fossil fuels containing
sulfur, such as coal and oil, and industrial processes
like metal smelting and petroleum refining (Lu et
al., 2020). Power plants, factories, and vehicles are
significant sources of SO, emissions. SO, reacts
with other compounds in the atmosphere to form
particulate matter and acid rain, leading to nega-
tive impacts on human health and the environment
(Seinfeld and Pandis, 2016). As of 2019, the global
average concentration of SO, was approximately 1.5
ppb (parts per billion), with higher levels observed
in industrialized regions and areas with extensive
fossil fuel combustion, such as China, India, and
Eastern Europe (Lelieveld et al., 2019). To reduce
air pollution, air pollution abatement strategies must
be implemented. Air pollutants’ emission at source
is controlled with various policies and laws which
forced pollutant generators to attenuate their emis-
sions (Singh and Verma, 2007). New technologies
that are sustainable and ecoftriendly are adopted in
industries and automotive manufacturers (Agarwal
et al., 2018). Additionally, emission control systems
such as incineration, electromagnetic precipitation,
and wet scrubbers that minimize the emission of
harmful pollutants to atmosphere are used to curb
the impact of air pollution (Singh and Verma, 2007).
Still, issues particularly expensive engineering de-
vices, machine failure, high maintenance cost, and
low efficiency pose problems in the industries which
causes insufficient technologies being implemented
for air pollution control (Singh and Verma, 2007).
Some technologies had been implemented to remove
and eliminate inorganic and organic pollutant in air,
water, and soil such as physical, chemical treatment,
and microbial treatments (Adnan et al., 2014; Hadi-
barata and Kristanti, 2012; Kanthasamy et al., 2020;
Lau et al., 2020; Salim et al., 2019). Compared with
other conventional remediation technology, phy-
toremediation has advantages of cost-effective, easy

to operate in situ, and eco-friendly treatment. Phy-
toremediation is a biological-based biotechnology
that utilizes plants, and their collaboration microbes
to accumulate, stabilize, or degrade an organic and
inorganic pollutant in soil, water, and air pollutants
(Lasat, 2001).

Phytoremediation can be employed in abat-
ing IAP like carbon dioxide (CO,), sulfur dioxide
(S0,), nitrogen dioxide (NO,), and ozone (O,)
(Weyens et al., 2015). As the well-known natural
carbon sinks of CO,, plants extract carbon diox-
ide in the air through photosynthesis and store
in their plant organs for short or long period of
time. Carbon dioxide deposited in the plants was
either transformed to humus or stored (Weyens
et al., 2015). Carbon sequestration is the storage
of carbon dioxide in plants for a long duration
(Sedjo and Sohngen, 2012). In addition to protect-
ing against free radical damage, antioxidants help
prevent the oxidation of amino acids and proteins
and the modification of protein function caused by
the interaction of lipid-derived carbonyls with pro-
teins. A substance that may prevent the oxidation
of other molecules is called an antioxidant (Gulcin,
2020). The family, Bignoniaceae, includes the ge-
nus Tecoma, which has 14 species of shrubs or
small trees. Plants of this genus are commonly
referred to as trumpetbushes. Plants in this genus
are often known as trumpet bushes (Fernandes and
Mankad, 2022; Khattab et al., 2022). Aims of the
study finding plants that are efficient in removing
or reducing SO, as air pollutants without harm on
plant, ranging from trees to shrubs. In addition to
reducing climate changes, these plants deal with
sand dunes and sand storms, adding aesthetics to
the area. Examining the effect of study gases on the
studied plants through measurement of enzymatic
and non-enzymatic activity (antioxidants) (SOD,
POD, CAT, polyphenol, tannins and flavonoids).

MATERIALS AND METHODS
Study design

Data collection was carried out systematically to
ensure accurate results. Six-months old Tecoma stans
plant were obtained. A randomized complete design
(RCD) was performed. The study was conducted in
the summer. Total three replicates of 7ecoma were
included in the study. The plants were placed in the
isolated room (0.5 x 2 x 2 m). It was covered with
polyethylene. The SO, treatment (10 mg-m) which
is equal to 3.82 ppm for the period from summer
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exposure (May — June 2023) to reduce SO, was giv-
en for three weeks followed by intermitted rest pe-
riod for one week. The control plants did not receive
any gas exposure for given study periods (Table 1).

Preparation of sulfur dioxide gas

Sulfur dioxide gas was prepared by burning or
melting sulfur with the presence of an abundance
of oxygen according to the following Equation:

S+0,— S0, 1 (1)

Based on the Proust’ law, 10 mg-m? of SO,
was prepared by burning 5 mg of sulfur using
electric incense burner for prepare 10 mg-m
3 inside the 1 m® equal to 3.82 ppm (Fahad and
Abdullah, 2022) polyethylene-covered chamber
with dimensions of 1.25 x 1.25 x 0.64 sized 1 m’,
which contained studies plants showed in Figure 1
Proust’s law as follows:

M
VSV?Z = Wsp2 X M 2

where: W, — weight of sulfur, M sulfur mo-
lar mass (32 g/mol), W, — weight of

502

Table 1. Experimental design

sulfur dioxide, M sulfur dioxide

502
molar mass (64 g/mol).

Various physiological parameters were mea-
sured, including flavonoids, tannins, phenols, su-
peroxide SOD, CAT, and POD for antioxidants,
and chlorophyll A, chlorophyll B, and B-carotene
for pigments.

Evaluation of antioxidants

Evaluation of enzymatic antioxidant activity

About 1 gm of plant tissue was cut and
crushed using ceramic mortar after addition of
K,HPO, (1 N) then filtrated using medical gauze
and the filtrate was centrifuged at 4000 rpm for
30 minutes, then the supernatant was placed into
tube and kept at low temperature until usage (Pi-
totti et al., 1994).

e Evaluation of POD.

The POD assay was carried out as per the
method described by Putter (1974) modified by
Malik and Singh (1980). Enzyme activity was

Weeks Treatment group (n = 6) Control group (n = 6) Plant material collection
18t week Sulfur dioxide gas exposure No exposure to SO2 Last day of exposure
2" week No exposure to SO,

31 week Sulfur dioxide gas exposure Last day of exposure
4" week No exposure to SO,

5" week Sulfur dioxide gas exposure Last day of exposure
6" week No exposure to SO, -

plants

R2

LA

/125m

Electric incense burner

TOTA)C Source

Figure 1. Chamber deigned of SO, gas
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detected by increase in the absorbance at 436 nm.
The activity of this enzyme per L of extract was
estimated as the follows:

U
Activity of enzyme (E) =
1000 0.1 x3.18 _ 500
T 01xAtXx1%X639 At

3)

where: At was the absorbance of test material.

e Evaluation of catalase

The plant material was washed in 0.9% (w/v)
NaCl solution. The material was homogenized
using a glass homogenizer and ice cold 1.15%
(w/v) potassium chloride solution. Homogenate
plant solutions were then filtered and diluted (at
a ratio of 1:500) with 0.05 M phosphate buffer
for analyses of catalase activity, which were per-
formed immediately. The activity of CAT was es-
timated as follows:

Catalase activity of test (kU) =

0 4
_ 2303 logs— (4)
t s
where: S° — absorbance of the standard tube; S —

absorbance of the tested tube.

The outcome activity was divided into
number of grams of plant, which has been ho-
mogenized in one liter of extract (Hadwan and
Kadhum, 2018).

Evaluation of non-enzymatic antioxidant activity

e Evaluation of total phenolic content activity
The reagent of Folin-Ciocalteau was utilized
to quantify the total phenolic components in the
extract after it had dried. Sample volume was 1
ml (1 mg/ml) and reagent volume was 1 ml. After
waiting five minutes, 10 ml of 7% Na,CO, was
placed into the mixture, then deionized water (13
ml) was placed too. We let the mixture sit at 23 °C
for 90 minutes. The mixture’s absorbance was de-
termined to be 760 nm (Khadabadi, et al, 2011).
Following is an evaluation of the total phenolic
content:
cCXv
m )
where: C — Total phenolic content; m: pure tissue
weight (g); v — extract volume (ml); ¢ —
gallic acid concentration

C =

e Evaluation of total tannin content

A total of tannin (proanthocyanidin) content
was determined using Catechin as a reference
compound. 400 pl of extract was placed with 1.5

ml of concentrated HCl and 3 ml of (4% in meth-
anol) vanillin. After fifteen minutes, the optical
density was estimated at 500 nm. The result was
displayed as g Catechin-10"' DM (Broadhurst and
Jones, 1978).

e Flavonoids’ spectrophotometric estimation

A calibration curve was developed using dif-
ferent concentrations of quercetin, included 25,
50, 80, 100, 150, 200, 250, and 300 mg/100 ml
in ethanol (80%). To prepare the standards, or
samples, deionized water (2.8 ml), 1 mol/l po-
tassium acetate (0.1 ml), 10% AI(NO,), (0.1 ml)
and 95% ethanol (1.5 ml), were added to 0.5 ml
of the standard solution or sample. When 10%
AI(NO,), was called for, the same volume of de-
ionized water was utilized instead. The reaction
mixture absorbance was then estimated at 415
nm after incubation at temperature of room for
thirty minutes (Ribarova et al., 2005). Quercetin
was the universal symbol for flavonoids.

Statistical analysis

To determine the significance of the differenc-
es observed, a statistical analysis was conducted
using the analysis of variance (ANOVA) method
with a C.R.D. design. Subsequently, the least sig-
nificant difference test (LSD) was employed to
compare the means of different parameters, main-
taining a probability level of 5%.

The following section will present the results
and a comprehensive discussion of the data ob-
tained from the experiments. This analysis will
shed light on the effects of greenhouse gases on
the selected plant species and contribute to our
understanding of their adaptability in a changing
environment.

RESULTS AND DISCUSSION

Maturing antioxidants in study
plants that exposure to SO,

Figure 2 represents the Tecoma stans plant
before and after SO, exposure. Table 2 and Figure
2 showed the changes in POD, SOD and CAT ac-
tivity after 1%, 2" and 3" SO, exposure.

The enzyme SOD, CAT, and POD activities
demonstrated varied responses to SO, exposure in
T. stans showing distinct patterns of enzyme activa-
tion. CAT activity was found to be decrease after 1*
(0.59 +0.01 kU), 2™ (0.55 + 0.00 kU) and 3™ (0.46
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Figure 2. Tecoma stans plant before and after SO, exposure: A. Tecoma stans; B. Tecoma stans during exposure;
C. Tecoma stans before exposure; D. Surface area of Tecoma stans

Table 2. The enzymatic antioxidant activity of 7. stans after 1%, 2" and 3™ exposure of SO,

No | Summer exposure to SO, gas to T. stans POD (EU/ml) CAT (kU) SOD (U/ml)

1 | Control of T. stans 459 +£0.12 0.411+0.42 2.123+0.17
2 | First exposure to SO, gas 4.85 + 0.95bc 0.59 + 0.01abc 13.74 + 1.21bc
3 | Second exposure to SO, gas 3.7 £0.48bc 0.55 + 0.00abc 15.55 + 1.24ab
4 | Third exposure to SO, gas 2.98 +0.15¢ 0.46 £ 0.01bc 16.93 + 1.34a

+ 0.01 kU) SO, exposure as compare to control
(0.411 £ 0.42 kU) group. However, the activity was
increase after first SO, exposure (0.59 +0.01 kU) as
compare to control (0.411 + 0.42 kU) group. Simi-
larly, peroxidase activity was found to be decrease
after 19 (4.85 +0.95 EU/ml), 2" (3.7 + 0.48 EU/ml)
and 3" (2.98 + 0.1 EU/ml) SO, exposure as compare
to control (4.59 + 0.12 EU/ml) group. Superoxide
dismutase (SOD) activity was found to be increase
after 1°(13.74 + 1.21 U/ml), 2™ (15.55 + 1.24 U/ml)
and 3" (16.93 + 1.34 U/ml) SO, exposure as com-
pare to control (2.123 + 0.17 U/ml) group.

The similar letters in the table showed non-
significance difference in the value. Statistical
significant was denoted by the different letters.
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Evaluation of non-enzymatic
antioxidant activity

Table 3 and Figure 3 represents the non-enzy-
matic antioxidant activity of 7. stans after 1%, 2
and 3" exposure of SO,. After first SO, exposure,
flavonoid content (6.58 mg/100 ml) was found to
be increase as compare to control (5.222 mg/100
ml). This indicates SO, gas has potential to syn-
thesize flavonoids as a response to SO, stress. The
“Second exposure” to SO, gas in exposure sum-
mer led to further increase in flavonoid content
T. stans (6.24 mg/100 ml) as compare to control.
However, the flavonoid content was less than
the first exposure. This indicates the potential
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inability to sustain flavonoid synthesis under pro-
longed SO, stress. This indicates that extended
SO, exposure may disrupt flavonoid synthesis.
In third SO, exposure resulted in an increase in
flavonoid content for 7. stans (6.99 mg/100 ml).
Tannin content showed a significant decrease
during “First exposure” to SO, gas (1.5 ul/ml) for
T stans as compare to controls (6.16 ul/ml). It
further decreased in response to the “Second ex-
posure” of SO, gas in 7. stans (0.72 ul/ml). Tan-
nin content increased during “Third exposure”
of SO, gas (3.8133 ul/ml) in T stans and high-
lighting a potential negative effect of prolonged
SO, exposure on tannin production. The “First
exposure” to SO, gas led to decrease in phe-
nol content (12.32 mg/g) as compare to control
(19.27 mg/g). In “Second exposure”, the phenol
content (14.79 mg/g) was increase as compare
to first exposure (12.32 mg/g). However, it was
still less than the control group (19.27 mg/g).

Concentration of Flavonoids after
three exposure

T |

Exposure No.

o
N »

o

Flavonoids (mg/100 ml)
v (&)}
w w

Concentration of Phenols after three
30 exposure

20
. . l
0
1 2 3

Exposure No.

Phenols (mg/g)

Concentration of CAT after three
exposure

0,8
S 06
=
30 u N B
S o2
0
1 2 3

Exposure No.

Upon “Third exposure”, the phenol content was
further increase (25.21 mg/g) and it was found to
be more than control plant. These findings high-
light the complex interplay between phenols
and SO, stress. The similar letters showed non-
significance difference in the value. Statistical
significant was denoted by the different letters.

Li and Yi (2020) reported significant increase
in the SOD activity after 72 h of SO, exposure.
Our results are accordance with this report. In-
creased in POD, CAT and SOD, leads to the for-
mation of a powerful antioxidant defense system.
Increased chloroplast-based sulphur assimilation
in response to SO, stress was also associated with
higher levels of the nonenzymatic antioxidants
nonprotein thiol (NPT), glutathione (GSH), and
cysteine (Cys), leading to a more efficient reac-
tive oxygen species (ROS) scavenging system
(Fujita and Hasanuzzaman, 2022).

Concentration of Tannins after three

2 exposure
£ 45
!
w 1
£
g 0,5 .
©
[
0
1 2 3
Exposure No.
Concentration of SOD after three
20
exposure
— 16
£
2
o 8
o
R
0
1 2 3
Exposure No.
Concentration of POD after three
exposure
6
3
S 4
w
o
a
0
1 2 3

Exposure No.

Figure 3. Showing levels of antioxidants: Flavonoids, tannins, phenols, SOD, CAT, and POD
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Table 3. The non-enzymatic antioxidant activity of 7. stans after 1*, 2" and 3" exposure

No Summer exposure to SO, gas to T. stans P(rrl]egr}gl)s T(T]T/rrm)s (';”IS\//?S(C)) ircisl)
1 |Control of T. stans 19.27 £ 1.16 6.16 £ 0.97 5.222+0.27
2 | First exposure to SO, gas 12.32 £ 1.05¢ 1.5 + 0.05abc 6.58 £ 0.43a
3 | Second exposure to SO, gas 14.79 £ 1.24bc 0.72 £0.01c 6.24 £ 0.31a
4 | Third exposure to SO, gas 25.21 £ 1.34a 1.36 £ 0.01bc 6.99 £ 0.29a

High SO, concentrations cause an increase in
the accumulation of precursors of a few phenolic
compounds, flavonoids, and condensed tannins
in the needles and stem of Betula. It is suggested
that plants that have sulfur-containing secondary
metabolites reportedly utilize atmospheric SO, to
produce them (Lahiri and Krishna, 2024). In re-
sponse to SO, stress, plants use both enzymatic
and nonenzymatic antioxidants to keep cellular
redox homeostasis (Li and Yi, 2020). Increase
SO, concentration leading to disrupt plastid mem-
brane by relative ion leakage, in addition to ac-
cumulation of ROS, which lead to disrupt mem-
branes in plants. Plant has defense mechanisms
which work to eliminate oxidized compounds,
whereas this effect increased with presence of
SO, (Lee et al., 2017). The effect of POD and
CAT increased in plants which exposure into SO,,
whereas CAT play important role in inhibition of
ROS, while POD has limited role to eliminate
SO, — that result from disruption of SO,.

Understanding the effect of different green-
house gases on plant antioxidant systems has sig-
nificant environmental implications. These find-
ings will give the impression about the increasing
levels of greenhouse gases in the atmosphere. Our
findings can help predict the potential impact on
plant health and ecosystems. Plant Adaptation,
our results suggest that different plant species
exhibit varied responses to greenhouse gases and
air pollution. This information can guide efforts
to select and cultivate plant species that are more
resilient to changing environmental conditions,
ultimately aiding in ecosystem adaptation (Es-
peland and Kettenring, 2018). Greenhouse gases
often co-occur with air pollutants. Our study pro-
vides insights into effect of these gases on the an-
tioxidant capacity of plants, which can indirectly
impact air quality and human health. The reduc-
tion in antioxidant capacity observed in some
cases may lead to decreased plant resilience and
compromised air quality (Karnosky et al., 2003;
Sato et al., 2017). The research contributes to the
existing body of knowledge in plant physiology

274

and environmental science in several ways. The
study demonstrated that different plant species re-
spond uniquely to greenhouse gases, suggesting
that species selection is critical when considering
their role in climate change mitigation and eco-
system management (Species-Specific Respons-
es). The responses of SOD, CAT, and POD to
greenhouse gases varied across plant species and
exposure periods. This highlights the intricate na-
ture of antioxidant defense systems in response to
environmental stressors. Based on the results of
this study, we can able to provide few recommen-
dations to the researchers. Species selection will
be most important criteria. For the afforestation
or reforestation planning projects, climate change
mitigation, species selection showed greater im-
pact. This can enhance the success of these proj-
ects. Secondly, encourage interdisciplinary re-
search that brings together experts in plant physi-
ology, environmental science, and atmospheric
chemistry to gain a more holistic understanding
of the effects of greenhouse gases.

CONCLUSIONS

In conclusion, this study provides valuable
insights into 7. stans respond to prolonged expo-
sure to SO,, through observing the concentration
of enzymatic and non-enzymatic antioxidants and
also the plant growth after exposure, especially
after the third exposure, it find that the plant is
efficient in removing sulfur dioxide. It is findings
indicate that these responses are complex and
species-specific, involving alterations in specific
enzyme activity. These results have environmen-
tal implications, scientific significance, and offer
direction for future research in the field of plant
physiology and environmental science. By un-
derstanding the mechanism of plants adaptation
to changing environmental conditions, we can
develop strategies for climate change mitigation
and ecosystem management.
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