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ABSTRACT

Bangladesh faces a serious problem with air pollution, which has a negative impact on
human health and tree health. Leaf damage, slow development, and decreased
photosynthetic activity are just a few of the harmful effects on trees that have been linked to
high concentrations of pollutants such as particulate matter, sulfur dioxide, and nitrogen
oxides. These consequences affect the aesthetic value of green spaces in addition to
interfering with the functions of the ecosystem that trees offer, such as air filtration and
carbon sequestration. Given the seriousness of the problem, the present study plan was
implemented to evaluate the amount of pollutants such as SOx NOx, Os, hydrocarbons,
particulate matter 2.5, particulate matter 10 and suspended particulate matter in the air in
several urban areas of Chittagong and to evaluate the amount of chlorophyll from the leaves
of affected and without affected leaves so that it may understand how the photosynthesis
process of plants is interrupted by air pollution. 2 Number Gate Circle, Akbarsha Lane Circle,
Alongkar Mor Bus Stop, Barik Building Circle, BDR Field Circle, Halishahar Access Road,
Artillery Center-North Halishahar, Bangladesh Forest Research Institute and CRB Circle
were selected as sampling location based on their heavy traffic and crowdedness. For the
analysis of chlorophyll, each plant leaves were collected in three sections such as unaffected,
slightly affected, and affected for comparison. The data studied showed that the most
polluted zone with particulate matter had a lower chlorophyll concentration in the
surrounding tree leaves. This can indicate that particulate matter can hinder photosynthesis
reactions.
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1. Introduction

sources of sulfur oxide emissions that cause adverse
respiratory consequences, including those that cause asthma

Air pollution is a complex mixture of particulates, gases, and
organic and inorganic substances found both in the outdoors
and indoor air [1]. In Chittagong, Bangladesh's commercial city,
common causes of air pollution include the textile, clothing,
cement, sugar, chemical fertilizers, shipbuilding, and light
engineering sectors. In recent decades, air pollution has become
a significant problem with negative toxicological impacts on
both human health and the ecosystem. Every year, millions of
people around the world are affected by air pollution [2].
Common air pollutants are SOx (sulfur oxides), NOx (nitrogen
oxides), CO (carbon monooxide), COz (carbon dioxide), and
airborne particulate matter such as PM2.5, PM10 or suspended
particulate matter.

Sulfur dioxide is one of the extremely reactive gases
referred to as sulfur oxides. Fossil fuel burning, wood pulping,
papermaking, metal smelting, locomotives, and ships are all

and breathing problems [3,4].

Nitric oxide and nitrogen dioxide are combined to form
nitrogen oxides (NOx), which are released by natural sources,
cars, and other fuel-burning processes. Nitric oxide (NO), which
has a poor solubility in water, penetrates the respiratory
system. Nitrogen oxides disturb Alveolar structures and their
function by diffusing through the Alveolar cells of the lungs
(epithelium) and adjacent capillary capillaries [5]. Approxi-
mately 20% of all premature deaths in Bangladesh are
attributed to air pollution, according to a World Bank study. The
three largest air pollution hotspots in Bangladesh are Dhaka,
Narayanganj, and Chattogram [6].

Recent concern in respect to Bangladesh arises is the heat
effect on human and plants due to ambient temperature.
Although unhealthy temperatures, extreme temperatures, and
even moderately high or low temperatures can have an impact
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on death, the overall influence of humidity on mortality has not
been epidemiologically demonstrated conclusively [7]. Addi-
tionally, in vulnerable plant species, these air pollutants can
cause leaf damage, stomatal damage, early senescence, reduced
photosynthetic activity, disturbed membrane permeability, and
restricted growth and production. Moreover, the morphological
characteristics and growth of plants are also affected by the
highly dangerous heavy metals emitted by moving vehicles
[8,9].

Nitric oxide and nitrogen dioxide are the two main
phytotoxic pollutants connected to vehicle mobility. However,
it is also conceivable that trace amounts of other nitrogen-
containing compounds, such as nitrous acid, nitrous oxide, and
ammonia, are also present in car emissions [10]. A study found
that exposure to 35 ppb of nitrogen dioxide or nitric oxide for
21 days significantly impacts the nitrate reductase activity and
oxygen evolution of bryophyte species. Similarly, Polytrichum
formosum, when exposed to 60 ppb nitrogen dioxide for 37
weeks, experienced both an initial growth increase and a
subsequent decrease [11].

Plants are greatly affected by ozone, including long-term
exposure to low concentrations of ozone can cause obvious
damage, such as chlorosis, changes in pigmentation or bron-
zing, and premature senescence. Stippling and flaking can
appear after a brief exposure to elevated ozone levels. The
physiological effects of ozone exposure include slower decom-
position of early successional communities, reduced photo-
synthesis, increased turnover of the antioxidant system,
damage to the reproductive process, increased dark respira-
tion, and decreased carbon transport to roots [12]. Among the
various air pollutants, particulate matter is particularly
dangerous to people, since it is more harmful than any other.
Lower chlorophyll a/b levels were observed in primary leaves
exposed to particulate matter, suggesting that particulate
matter (PM) had a shading effect on plants. Primary leaves
exposed to particulate matter showed reduced sugar levels
[13].

Lead has garnered significant attention as a persistent
hazardous pollutant of concern, in part because of its
prominence in the discourse around the increasing stress that
human activities place on the environment. In the human body,
lead poisoning can slow the synthesis process of adenosine
triphosphate (ATP) and destroy DNA by overproducing
reactive oxygen species (ROS). Additionally, lead dramatically
reduces water and protein content, transpiration, seed
germination, seedling development, and seedling growth [14].
Mercury is a metal that is easily transmuted into multiple
oxidation states and is dispersed throughout various environ-
ments. There are two main cycles in which these changes could
recur. The first involves the global circulation of elemental
mercury (Hg) in the atmosphere. The second, more limited,
depends on the activity of organisms that can transform
inorganic mercury into organic mercury compounds, which are
the most dangerous to living creatures [15].

The indirect and direct effects of sulfur dioxide on plants
make it dangerous. There are two types of direct effects: acute
and chronic, depending on the duration and intensity of
exposure. Sulfur dioxide hinders photosynthetic processes by
interfering with them. More water is lost when the stomata
open due to the stimulation of sulfur dioxide [16]. Plants absorb
CO2 through the stomates in their leaves and simultaneously
lose water through transpiration through the same route.
Plants can reduce water loss per unit of carbon intake at higher
atmospheric carbon dioxide concentrations, partly due to a
decrease in stomatal conductance as the gradient of CO:
between the environment and the interior of the leaf increases.
If the leaf area is constant, this physiological reaction may
decrease water loss from the land surface, increase soil
moisture, and relieve plant water stress [17]. When it dissolves

in water and forms nitrate and nitrite, which are both utilized
by plants through the regular nitrate metabolism process, low
concentrations of NOz can function as an airborne fertilizer.
However, excessive accumulation of nitrite (NOz) and cell
acidification caused by high levels of NO2 can have negative
consequences such as the generation of reactive oxygen species
(ROS) and the inhibition of N assimilation and plant growth.
These can also lead to acute leaf damage, whole plant chlorosis,
or even plant death [18]. When photochemical processes occur
in its precursors, tropospheric ozone, a secondary gaseous
pollutant, is produced. Tropospheric ozone has been reported
to affect plant photosynthesis, affecting plant growth, nutrition,
and crop yield. Secondary metabolites that are crucial for plant
communication or plant attraction, repulsiveness, or defense
may change in quantity or quality due to ozone pollutants [19].
Due to the 0.2 °C increase in global air temperature per ten
years, temperatures are predicted to be 1.8-4.0 °C higher by
2100. Catastrophic collapse of the cellular structure may result
from rapid cell death or damage at extremely high tempe-
ratures [20].

The purpose of this study is to establish a link between
plant health and air pollution, thus identifying solutions to
improve air quality and promote the well-being of both plants
and humans.

2. Experimental
2.1. Sampling and sample preparation

In this study, high-volume APM 430 model air samplers
(Envirotech, India) were used for the collection of SOx, NOx, and
suspended particulate matter samples. Ozone gas was
monitored using a smart sensor electrochemical ozone gas
detector (model AS8908, Intel Instrument Pro). Lata Envirotech
APM 250 (Lata Envirotech, India) was used to collect the PM10
and PM2.5 samples. Suspended particulate matter was
collected on Millipore glass fiber filter paper (Whatman, GF/A,
for size 8”"x10”) where PM10 and PM2.5 were collected on
PM2.5 PTFE (Polytetrafluoroethylene) membrane filters
(Whatman, 46.2 mm) are designed for PM2.5 ambient air
monitoring. The West-Geake method [21] was followed to
collect and determine the ambient SOx analysis. The high-
volume air sampler APM 430 (Envirotech, India) with springer
having 20mL 0.04 M potassium tetra chloromercurate prepared
by mixing 10.86 g of mercuric chloride and 6.0 g of potassium
chloride and 0.066 g of EDTA were dissolved in distilled water
and then the final volume of up to 1 liter with distilled water
was run for eight hours in each selective location to collect SOx
sample. The Jacob and Hochheiser method was followed to
collect and determine ambient NOx analysis [22]. Springer in
APM 250 (Lata Envirotech, India) contains 20 mL absorbent
(4.0 g of sodium hydroxide and 1.0 g of sodium arsenite).

The leaves were collected in three groups between the
winter and summer seasons (January to May 2023). The first
group consisted of noninfected leaves, the second group of
infected leaves, and the third group of slightly yellowish leaves.
The sampling locations are listed with their GPS coordinates in
Table 1 and the sampling map shown in Figure 1.

2.2. Extraction method

The leaves were stored in a 4 °C refrigerator covered with
aluminum foil paper in a dark box for analysis. During the
analysis period, one gram of finely cut fresh leaves was taken
and ground with 20-40 mL of 80% acetone. The mixture was
then centrifuged at 5000-10000 rpm for 5 min. The supernatant
was transferred to a 25 mL volumetric flask and made up to the
mark with 80% acetone.
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Table 1. GPS coordinates of the sampling and monitoring location.

Monitoring point

Latitude Longitude

2 Number Gate Circle, Chittagong

Akbarsha Lane Circle, Chittagong

Alongkar Mor Bus Stop, Chittagong

Barik Building Circle, Chittagong

BDR Field Circle, Chittagong

Halishahar Access Road, Chittagong

Artillery Center, North Halishahar, Chittagong
Bangladesh Forest Research Institute (BFRI), Chittagong
CRB Circle, Chittagong

22°21'59.46"N
22°21'46.30"N
22°21'30.68"N
22°19'9.93"N

22°20'26.51"N
22°19'41.91"N
22°19'54.93"N
22°22'24.08"N
22°20'33.35"N

91°49'22.37"E
91°47'33.78"E
91°46'56.24"E
91°48'44.02"E
91°46'53.14"E
91°47'35.94"E
91°46'55.70"E
91°49'38.90"E
91°49'15.34"E

Monitoring Location
Ouprson

Figure 1. Sampling and monitoring map (Source: Google Earth).

The absorbance of the solution was red at 645, 663, and 652
nm for chlorophyll a, chlorophyll b, and total chlorophyl],
respectively, against the blank solvent (acetone) using a
spectrophotometer (T60, PG Instrument, UK).

2.3. Moisture content of leaves

The moisture content of leaves was measured by a simple
oven-dry method at temperature 105 °C for 2 hours followed by
gravimetric analysis [23].

2.4. Analysis
2.4.1. Determination of SOx

Following the West-Geake method [24], the absorbance
was measured at 560 nm after 30 min but before 60 min against
the blank reagent using a spectrophotometer. From the
calibration curve, the concentration of SOz in the absorbent
reagent was measured. Then the concentration of SOz in the air
was measured using Equations 1 and 2.

Total volume of air passed through SO,impinger =

Avg. flow rate (Ipm) X Time (min) 1
S0, concentration (ug/m?) = % (2)

where, C = SOz curve value (ug SOz in 25 mL), A = Sample taken
for sampling (mL), V = Volume of air passed (L), B = Sample
volume taken for analysis (mL) and D = Dilution factor.

2.4.2. Determination of NOx

Following the Jacob and Hochheiser method [22], the
absorbance was measured at 540 nm after 10 min against the
blank reagent using a spectrophotometer (T60, PG Instrument,
UK). From the calibration curve, the concentration of NOx in the

absorbing reagent was measured. Then the concentration of
NOx in the air was measured using Equations 3 and 4.

Total air volume of air passed through NO,impinger =

Avg. flow rate (Ipm) X Time (min) 3)
NO,, concentration (ug/m?) = % (4)

where, C = NOz curve value (ug NO2 in 50 mL), A = Sample taken
for sampling (mL), V = Volume of air passed (L), B = Sample
volume taken for analysis (mL), 0.82 = Absorbing efficiency of
this method, and D = Dilution factor.

2.4.3. Determination of ozone gas

An electrochemical smart sensor device, model AS8908,
was used to detect ozone gas by the electrochemical method
[25].

2.4.4. Determination of PM2.5 and PM10

The PM2.5 and PM10 particles were collected using a
combined dust sampler (Lata Envirotech APM 250) for 24
hours for each location and analyzed according to Equations 5
and 6 [26].

PM2.5 = (Mf — Mi) x 10%/ Qgpg X t (5)
PM10 = (Mf — Mi) x 10%/ Qg X t (6)
where Qg = (Initial flow rate + Final flow rate)/2, Mf =
Final mass of the conditioned filter after sample collection (mg),

Mi = Initial mass of the conditioned filter before sample
collection (mg).
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Table 2. The concentrations of PM2.5, PM10, SO, and NOx of different locations in Chittagong city.
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Sampling date  Monitoring location Temp. Humidity Weather Sampling Conc. of Conc.of  Conc.of  Conc. of
(°F) (%RH) condition hours PM2.5 PM10 NO: SO:
(ng/m3)  (png/m3) (ug/m3) (ug/m?)

Jan 11,2023 2 Number Gate Circle, 70 64 Haze 24 36.52 68.09 48.24 20.15
Feb 15,2023 Chittagong 72 46 Haze 24 36.89 70.03 46.78 21.41
Mar 10, 2023 84 45 Haze 24 36.18 69.08 45.31 29.32
Average 36.53 69.07 46.78 23.63
Jan 15, 2023 Akbarsha Lane Circle, 70 83 Haze 24 35.15 65.14 43.51 23.17
Feb 11,2023 Chittagong 77 50 Haze 24 33.11 64.10 42.64 21.01
Mar 3, 2023 82 48 Haze 24 33.19 65.09 45.20 21.61
Average 33.82 64.78 43.78 21.93
Feb 18,2023 Barik Building Circle, 75 57 Haze 24 35.50 68.01 46.76 21.23
Mar 11, 2023 Chittagong 84 45 Haze 24 37.40 68.39 45.89 22.14
Apr 7,2023 95 32 Sunny 24 36.40 69.29 46.32 23.41
Average 36.43 68.56 46.32 22.26
Feb 26,2023 BDR Field Circle, 79 36 Haze 24 33.17 56.09 38.52 21.13
Mar 13,2023 Chittagong 90 21 Fair 24 32.09 56.59 36.34 25.31
Apr 14,2023 96 44 Sunny 24 32.15 55.56 31.53 22.32
Average 32.47 56.08 35.46 22.92
Mar 14, 2023 Halishahar Access Road, 82 54 Haze 24 36.40 67.14 4291 24.11
Apr 15,2023 Chittagong 95 55 Scattered clouds 24 33.07 66.01 41.72 23.11
May 12,2023 93 56 Mostly cloudy 24 39.10 68.03 43.08 21.65
Average 36.19 67.06 42.57 22.96
Mar 18, 2023 Alongkar Mor Bus Stop, 81 70 Fog 24 38.20 69.65 41.32 22.34
Apr 18,2023 Chittagong 90 75 Haze 24 35.30 68.68 48.74 22.41
May 19, 2023 88 66 Partly cloudy 24 35.80 68.13 4494 22.14
Average 36.43 68.82 45.00 22.30
May 25,2023 Artillery Center, 84 66 Mostly cloudy 24 35.50 54.05 31.38 23.43
May 27,2023 North Halishahar 90 66 Partly cloudy 24 35.20 61.01 38.58 21.21
Jul 7, 2023 88 79 Mostly cloudy 24 34.50 56.03 37.68 21.90
Average 35.07 57.03 35.88 22.18
May 30,2023 Bangladesh Forest Research 91 63 Haze 24 28.60 56.08 32.41 25.65
Jun 4, 2023 Institute 90 75 Haze 24 28.82 55.09 32.71 21.54
Jul 14, 2023 (BFRI), Chittagong 84 84 Mostly cloudy 24 30.10 56.03 33.36 18.45
Average 29.17 55.73 32.83 21.88
Jun 14,2023 CRB Circle, Chittagong 91 71 Haze / windy 24 31.34 58.25 37.16 23.40
Jul9, 2023 88 79 Mostly cloudy 24 32.20 58.18 31.31 22.23
Jul 21, 2023 91 66 Partly cloudy 24 33.20 57.29 30.32 22.53
Average 32.25 5791 32.93 22.72
2.4.5. Determination of suspended particulate matter Total chlorophyll = Abs"rba";: :t 652nm 11(;’(;’;’:“/"/ (10)

Using a high-volume sampler (Envirotech), a suspended
particle matter (SPM) sample was collected on a Millipore filter
paper. In the upper section of the high-volume sampler, a filter
paper was placed. Suspended particulate matter later than
analysis by gravimetrically by analytical balance (Fix Scale, KD-
TN 200, USA) by using Equation 7,

. (FFW-IFW)x10°
SPM in llg/m3 = T UMR+FMR)
2

X (FTR — ITR) X 60 (7)

where, IFW = Weight of initial filter paper, FFW = Weight of final
filter paper, IMR = Initial manometer reading, FMR = Final
manometer reading, ITR = Initial time reading and FTR = Final
time reading.

2.4.6. Determination of chlorophyll a and b

Chlorophyll a, b and total chlorophyll were determined
using the method described by Arnon [27]. After centrifuging
the leaf sample with acetone solution, the supernatants were
diluted by adding 80% aqueous acetone to give a reading in the
range of 0.2 to 0.8 absorbance units at wavelengths of 645, 652
and 663 nm. Equations 8-11 were followed to evaluate
chlorophyll a, b, and total chlorophyll.

Chlorophylla = 12.7 x Absorbance taken at 663 nm —

2.69 x Absorbance taken at 645 nm X ——— (8)
1000 x W
Chlorophyllb = 22.9 x Absorbance taken at 645 nm —
4.69 x Absorbance taken at 663 nm X $ 9)

where A is the absorbance found at the respective wavelengths,
V is the final volume of the supernatant (25 mL), and W is the
fresh weight of grained leaf (2 g).

__ Chlorophyll a

Chlorophyll a and b ratio = Chlorophyllh (11)

2.4.7. Determination of leaf moisture content %

The oven dry method was used to determine the moisture
content of the leaves of the plant at a temperature of 105 °C for
2 hours (Equation 12) [28].

_ (W1-W2) x 100

Moisture (%) i

(12)
where W1 = Weight (g) of the sample before drying and W2 =
Weight (g) of the sample after drying.

3. Results and discussion

The particulate matter and gaseous pollutants were
measured in different traffic locations in the ambient air of the
city of Chittagong for 24 hours of continuous monitoring, where
the average concentration of particulate matter of 2.5 microns
or less in diameter (PM2.5) varies from 29.17 to 36.53 pg/m3 to
in Chittagong city (Table 2). According to the Environmental
Convention rule 2022, the maximum allowable concentration
for PM2.5 for 24 hours continuous monitoring is 65 pg/ms3. 2
No. Gate Circle area has the highest average concentration for
PM2.5 pollutants.
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Table 3. Concentration of ozone and SPM of different locations in Chittagong city.

Sampling date Monitoring location Temp. Humidity Weather Sampling Conc. of SPM Conc. of ozone
(°F) (%RH) condition hours (ng/ms3) (ppb)
Jan 11,2023 2 Number Gate Circle, Chittagong 70 64 Haze 8 132.875 20.00
Feb 15,2023 72 46 Haze 8 135.106 40.00
Mar 10, 2023 84 45 Haze 8 138.783 20.00
Average 8 135.588 26.67
Jan 15, 2023 Akbarsha Lane Circle, Chittagong 70 83 Haze 8 110.610 20.00
Feb 11,2023 77 50 Haze 8 114.540 10.00
Mar 3, 2023 82 48 Haze 8 112.310 20.00
Average 8 112.487 16.67
Feb 18,2023 Barik Building Circle, Chittagong 75 57 Haze 8 125.752 20.00
Mar 11, 2023 84 45 Haze 8 125.640 30.00
Apr 7,2023 95 32 Sunny 8 131.430 20.00
Average 8 127.607 23.33
Feb 26,2023 BDR Field Circle, Chittagong 79 36 Haze 8 122.678 20.00
Mar 13,2023 90 21 Fair 8 114.251 20.00
Apr 14,2023 96 44 Sunny 8 116.410 20.00
Average 8 117.780 20.00
Mar 14, 2023 Halishahar Access Road, Chittagong 82 54 Haze 8 135.752 20.00
Apr 15,2023 95 55 Sunny 8 128.640 30.00
May 12,2023 93 56 Mostly cloudy 8 131.430 20.00
Average 8 131.941 23.33
Mar 18,2023 Alongkar Mor Bus Stop, Chittagong 81 70 Fog 8 135.752 20.00
Apr 18,2023 90 75 Haze 8 138.640 30.00
May 19, 2023 88 66 Partly cloudy 8 131.430 20.00
Average 8 135.274 23.33
May 25,2023 Artillery Center, North Halishahar 84 66 Mostly cloudy 8 110.601 20.00
May 27,2023 90 66 Partly cloudy 8 115.501 10.00
Jul 7, 2023 88 79 Mostly cloudy 8 126.203 20.00
Average 8 117.435 16.67
May 30,2023 Bangladesh Forest Research (BFRI), 91 63 Haze 8 103.251 20.00
Jun 4, 2023 Chittagong 90 75 Haze 8 105.356 10.00
Jul 14, 2023 84 84 Mostly cloudy 8 107.941 20.00
Average 8 105.516 16.67
Jun 14,2023 CRB Circle, Chittagong 91 71 Haze / windy 8 103.251 20.00
Jul9, 2023 88 79 Mostly cloudy 8 125.356 10.00
Jul 21, 2023 91 66 Partly cloudy 8 107.941 20.00
Average 8 112.183 16.67

People in this area are more vulnerable to the possibility of
having diseases associated with the lungs such as cancer,
respiratory tract infection, etc. as PM2.5 is a pollutant that is the
combination of suspended particles of various chemical
contents [29]. In 2021, the studied data showed that the
average concentration of particulate matter (PM2.5) was 80.15,
83.14, 83.06, 67.03, 68.74, 69.20 and 69.17 ug/m3 for the WASA
Circle, the GEC Circle, Proborthak Circle, Chawkbazar Circle,
Alongkar Circle, New Market Circle, Oxygen Circle, respectively,
in the city of Chittagong. The previously established data was
too high than in the current study [26].

The average concentration of particulate matter of 10
microns or less (PM10) was found to vary from 55.73 to 69.07
pg/m3 in Chittagong city (Table 2). According to the
Environmental Convention rule 2022, the maximum allowable
concentration for PM10 for 24 hours continuous monitoring is
150 pg/m3. 2 No. Gate Circle area has the highest average
concentration for PM10 pollutants. In the current study, motor
vehicles such as trucks, laury, bus, cars, jeep, minibus, human
holler, microbus, four-stroke engine driven, etc, have been
identified as the main source of particulate matter pollution in
the Chittagong study area [30]. The same study data revealed
that the average concentration of particulate matter (PM10)
was 163.44, 166.07, 171.43, 163.73, 153.36, 153.82and 153.79
pg/m3 for the WASA Circle, G.E.C. Circle, Proborthak Circle,
Chawkbazar Circle, Alongkar Circle, New Market Circle, Oxygen
Circle, respectively, in the city of Chittagong. The previously
established data was too high than in the current study [26].

The average concentration of suspended particulate matter
(SPM) (diameters ranging from < 0.1 um and up to about 100
um) was found to vary from 105.516 to 135.588 pg/m3 in
Chittagong city (Table 3). Monitoring was carried out for 8
hours. Although there is no standard requirement set yet for
suspended particulate matter in the environment of
Bangladesh, the comparatively 2 Number Gate Circle area has

the highest average concentration of suspended particulate
pollutants. In 2016, the mean concentrations of SPM concent-
rations were found for A. The K. Khan Gate circle, the City Gate
circle, the GEC circle, the Sholashar Gate-2 circle, the Agrabad
circle, and the New Market circle were 238, 226, 276, 270, 241
and 257 pg/m3, respectively [31], which is higher than the
current founded average value studied.

The average concentration of SOx was found to vary from
21.88 to 23.63 pg/m3 in Chittagong city (Table 2). Monitoring
was carried out for 24 hours. According to the rules of the
Environmental Convention 2022, the maximum allowable
concentration of SOz for continuous monitoring for 24 hours is
80 pg/m3. Where the maximum value was found at 2 No. Gate
Circle area in Chittagong city, which is a high traffic zone. In
2014, a study found that the average concentration of SOx in
different locations in Chittagong city was 37.20, 26.25, 36.32,
31.41, 33.19, 35.48, 30.51, 35.63 pg/m3 for Muradpur Circle,
WASA Circle, G.E.C Circle, Proborthak Circle, Chawkbazar Circle,
Alongkar Circle, New Market Circle and Oxygen Circle,
respectively [32], which are slightly higher than the current
found data.

The average concentration of NOx was found to vary from
32.83 to 46.78 ug/m3 in Chittagong city (Table 2). Monitoring
was carried out for 24 hours. According to the rules of the
Environmental Convention 2022, the maximum allowable
concentration of NOz for continuous monitoring for 24 hours is
80 pug/ms3. Where the maximum value was found at 2 No. Gate
Circle area in Chittagong city, which is a high traffic zone. This
study also found that the average NOx concentration at different
locations in Chittagong city was 44.91, 48.23, 44.89, 38.69,
42.57,60.95,50.53 and 57.60 pg/m3 for Muradpur Circle, WASA
Circle, G.E.C Circle, Proborthak Circle, Chawkbazar Circle,
Alongkar Circle, New Market Circle and Oxygen Circle,
respectively [32], which were higher than the data currently
established.
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Table 4. Concentration of chlorophyll of different locations’ plant leaves.

Sampling ID  Leaf condition Sampling location Conc. of Conc. of Conc. of total Ratio of Moisture
chlorophyll a chlorophyll b chlorophyll chlorophyll content
(mg/L) (mg/L) (mg/L) a/b (%)
S1 Non-infected and fresh 2 Number Gate Circle, 1.57 0.93 4.01 1.68 2.86
S2 Infected Chittagong 1.26 0.94 3.29 1.35 3.85
S3 Slightly yellowish 1.21 0.85 3.14 1.44 2.55
Average+SE 1.35%0.11 0.91£0.03 3.48+0.27 1.49+0.10 3.09
S1 Non-infected and fresh Akbarsha Lane Circle, 1.49 0.72 3.77 2.06 2.36
S2 Infected Chittagong 1.30 0.79 3.33 1.64 3.76
S3 Slightly yellowish 1.36 0.77 3.48 1.77 3.69
Average+SE 1.38+0.06 0.76+0.02 3.527+0.13 1.87+0.13 3.27
S1 Non-infected and fresh Barik Building Circle, 1.56 0.9295 4.00 1.68 3.87
S2 Infected Chittagong 1.21 1.0587 3.20 1.15 3.88
S3 Slightly yellowish 1.26 0.9295 3.27 1.36 3.87
Average+SE 1.35+0.11 0.97+0.04 3.49+0.25 1.40+0.16 3.87
s1 Non-infected and fresh BDR Field Circle, 1.61 1.09 4.15 1.48 7.85
S2 Infected Chittagong 1.35 1.18 3.86 1.14 7.86
S3 Slightly yellowish 1.61 1.09 4.15 1.48 7.85
Average+SE 1.52+0.08 1.12+0.03 4.05+0.10 1.37+0.11 7.85
S1 Non-infected and fresh Halishahar Access Road, 1.60 1.12 4.16 1.43 3.88
S2 Infected Chittagong 1.36 1.21 3.62 1.13 3.88
S3 Slightly yellowish 1.60 1.12 4.16 1.43 3.87
Average+SE 1.52+0.08 1.15+0.03 3.98+0.18 1.33+0.10 3.88
S1 Non-infected and fresh Alongkar Mor Bus Stop, 1.49 0.73 3.78 2.05 3.58
S2 Infected Chittagong 1.30 0.80 3.20 1.63 3.59
S3 Slightly yellowish 1.49 0.73 3.78 2.05 3.58
Average+SE 1.43+0.06 0.75+0.02 3.59+0.19 1.91+0.14 3.58
S1 Non-infected and fresh Artillery Center, North 1.60 1.11 4.15 1.43 7.57
S2 Infected Halishahar 1.66 1.09 4.01 1.52 7.58
S3 Slightly yellowish 1.60 111 4.15 1.43 7.57
Average+SE 1.62+0.02 1.11£0.01 4.10+0.05 1.46+0.03 7.57
S1 Non-infected and fresh Bangladesh Forest 1.61 1.10 4.16 1.47 8.31
S2 Infected Research (BFRI), 1.68 1.07 4.31 1.56 8.32
S3 Slightly yellowish Chittagong 1.61 1.10 4.16 1.47 8.31
Average+SE 1.63+0.02 1.09+0.01 4.21+0.05 1.50+0.03 8.31
S1 Non-infected and fresh CRB Circle, Chittagong 1.61 1.15 4.20 1.40 8.13
S2 Infected 1.67 1.13 4.34 1.48 8.13
S3 Slightly yellowish 1.61 1.15 4.20 1.40 7.29
Average+SE 1.63+0.02 1.15£0.01 4.25+0.05 1.42+0.03 7.85

* S1= Group of leaf sample that were non-infected and fresh, S2 = Group of leaf sample that were infected, S3 = Group of leaf sample that were slightly yellowish.
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Figure 2. Relationship between airborne particulate matter with chlorophyll concentration in tree leaves on the roadside.

The amount of chlorophyll concentration of the tree leaves
was found to be comparatively lower in areas of the high-traffic
zone than in areas of the low-traffic zone. The lowest total
chlorophyll concentration was found at the 2 no. gate 10.44
mg/L, while the highest concentration was found in tree leaves
from the CRB zone area, which was 12.60 mg/L (Table 4). Italso
shows that the leaf samples from the location of the highly
polluted area with particulate matter area have a lower
chlorophyll content Figure 2, and the minimum moisture
content of the leaves is found at a minimum level of chlorophyll
contents. A study revealed that the total chlorophyll content
was significantly higher in the leaves of the plant population of
the dust-free area, while a lower level was observed in plants

exposed to different levels of road dust [33]. Similar results
were also achieved in the current study.

In the study, we tried to relate the correlation between the
level of pollution and the condition of the trees in the
surrounding zone. Total chlorophyll concentration was found
to increase with the decrease in the level of particulate matter,
sulfur dioxide, nitrogen dioxide, and ozone gas pollution in that
particular zone.

4. Conclusions

The results of the current study demonstrate that airborne
particles are a serious threat to plant health as they can affect
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photosynthesis, impede the uptake of nutrients, and make
plants more vulnerable to pests and diseases. The vitality and
production of plants, as well as the general health of
ecosystems, depend on the mitigation of particle pollution.
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