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Abstract
This study was undertaken to examine changes in the content of pigments and accumulation of metals from vehicular 
pollution in selected species of roadside trees under vehicular pollution. A major arterial road with heavy vehicle emis-
sions in the Kumasi Metropolis was designated as the polluted site, while Kwame Nkrumah University of Science and 
Technology Campus was designated as the control site. Four tree species (Terminalia catappa, Mangifera indica, Ficus 
platyphylla and Polyalthia longifolia) selected for the study were well distributed and abundant in the polluted and control 
sites. Photosynthetic pigments and levels of heavy metals (Pb, Cu, Cd and zinc) were assessed in their leaves. Chlorophyll 
and carotenoid contents were determined by absorption spectrometry, while the metal accumulation index (MAI) was 
used to determine the total metal accumulation capacity of the tree species. We observed a reduction in photosynthetic 
pigments in the leaf samples from the polluted site. Ficus platyphylla had the maximum reduction in total chlorophyll 
(49.34%), whereas Terminalia catappa recorded the lowest reduction (33.88%). Similarly, the largest decrease (31.58%) of 
carotenoid content was found in Terminalia catappa trees and the lowest in Polyalthia longifolia (16.67%). The Polyalthia 
longifolia, Ficus platyphylla and Terminalia catappa leaf samples collected at the polluted site recorded a higher ratio of 
chlorophyll a/b. Heavy metal (Cu, Pb, Zn and Cd) accumulation in leaf samples was higher in the polluted site than in the 
control, as expected. The highest metal MAI value was recorded in Mangifera indica (5.35) followed by Polyalthia longifolia 
with 4.30. The findings from this study specifically demonstrate that air contamination induced by vehicles decreases 
the level of photosynthetic pigments in trees subjected to roadside emissions. It is clear that both chlorophyll a/b and 
chlorophyll/carotenoid ratios will act as very useful stress-level markers. Elevated heavy metal levels in the tree species 
along arterial roadsides indicate that they serve as heavy metals sink. The change in MAI resulting from different pollution 
burden is an indication that the removal capabilities of the tree species differ from each other. We therefore suggest M. 
indica and P. longifolia as potential species to be used in air pollution reduction plans in the city.
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1 � Background

Because of the rapid economic growth, social linkage and 
spread activities, transportation is now the pillar of acces-
sibility systems. It is a decisive factor of economic growth 
and social interactions in most countries. Regrettably, the 
antagonistic consequences of transportation exhibit an 

overbearing influence on the natural and human environ-
ment. At the regional and global levels, vehicular emissions 
have been considered the major source of air pollution in 
the cities. Motor vehicles emit significant amounts of CO, 
SOx, NOx, VOCs, HC, NOx, Cu, Cd, Co, Cr and Pb, responsi-
ble for 60–70% of urban air pollution [15, 18, 49]. Most of 
these pollutants found in the cities can be removed from 
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air by plants through absorption, adsorption, detoxifica-
tion, aggregation and additionally metabolization to the 
urban population [61]. Once inside the leaves, these con-
taminants contribute to a decrease in the concentration 
of chlorophyll pigments that directly influence the plants 
productivity [29]. Agyemang-Bonsu et al. [4] calculated 
emissions of ten vehicles pollutants and reported that in 
Kumasi Metropolis, all of which increased progressively 
over five years due to increase of autopollution.

In polluted area, plants show several changes in mor-
phology, physiology and biochemistry of leaves [21, 23, 
56]. Plant leaves have considerable ecological signifi-
cance as heavy metals pollution biomonitors [81]. Trees in 
urban areas participate in the filtration of surrounding air 
through heavy metal removal and adsorbing of particulate 
matter [19, 44]. Researchers have carried out experiments 
on the effects of air pollution cause by vehicles on plant 
biochemistry, anatomy and physiology [26, 64, 82], in the 
different parts of the world.

In accordance with [48], the analysis of chemical com-
position variations in plants from clean and contaminated 
habitats is aimed at determining the impact of sources of 
contamination. Analysis of concentrations of heavy metals 
in urban plants will lead to the natural ecosystem manage-
ment and provide objective advice for policy decisions on 
urban greening species [25].

Many plants may be used as traffic-based air quality bio-
monitors [53, 57, 72, 73]. In regions of heavy traffic, such as 
urban centers’, heavy metal emission is considered to be 
reasonably high [11–14, 70–72, 84]. Plants are also used 
as biomonitors to track the accumulation of heavy metals. 
The tree leaves were widely used as indicators of atmos-
pheric pollution [35, 58]. Therefore, the usage of plant 
leaves as heavy metal pollution biomonitors is of consid-
erable environmental significance [8, 43, 88]. Plants are 
essential component of the environment in the reduction 
of pollution levels [9] and can also be utilized as biologi-
cal indicators of air pollution [23]. The exhibition of differ-
ent noticeable changes in relation to the pollution level 
is an indicator of leaf sensitivity to air pollution [32]. Most 
roadside plant studies were performed in other countries, 
such as Turkey [36], India [63], Thailand [79], China [90] and 
Nepal [91]. Little to no research on tropical city of Kumasi, 
Ghana’s fully grown roadside tree plants has been car-
ried out. In order to support planning and management 
of urban trees in the city of Kumasi, Ghana, we evaluated 
the capabilities of air pollution removal of four main tree 
species in the city, while evaluating their tolerance to high 
pollution concentrations.

2 � Methods

2.1 � Study area

Kumasi is the capital of Ashanti region and is located in 
South Central Ghana. Kumasi is situated between lati-
tude 6.35°–6.40° and longitude 1.30°–1.35° and is sub-
divided into ten Sub-Metropolis. The city is located in 
domain of the tropical rain forest with a bi-modal pat-
tern of rainfall. The average temperature is 26.4 °C [42], 
and average annual rainfall is 1250 mm [52]. Kumasi is 
Ghana’s second largest and fastest growing town with an 
average population growth rate of 5.4%. It is a key transit 
point for travelers from inside and outside Ghana and 
hosts West African free market [1]. Two sampling sites 
[Offinso road and Kwame Nkrumah University of Science 
and Technology (KNUST) Campus] in Kumasi Metropo-
lis were selected for this study. Offinso road, in Suame 
Sub-Metro, is situated between 6o43ʹ52.65ʺN latitude 
and 1o37ʹ40.74ʺW. It has a road length of 6.1 km and 
average daily traffic per lane of 24, 269 vehicles and thus 
undergoes severe traffic congestion. Therefore, traffic is 
the main source of air pollution in this site. In view of 
these pollution sources, Offinso road was chosen as the 
polluted site for study. Conversely, KNUST campus was 
selected as a control site for having an area of about 
seven square miles in a suburban area with low local 
traffic. KNUST campus in Oforikrom is situated between 
6o41ʹ5.67ʹN latitude and 1o34ʹ13.87ʹW longitudes.

2.2 � Air quality monitoring in the sampling sites

The SO2, NO2, CO and VOC concentrations as well as 
temperature and relative humidity were measured at 
the sample sites using the Aeroqual Series 500 (S500) 
gas detection device (Aeroqual Limited, Auckland, New 
Zealand). For each site, the surrounding air quality was 
monitored for 6 days in one week, from 7 am to 3 pm.

2.3 � Selection of tree species

A survey of trees frequency and density was carried out 
with a view to define the dominant species in the study 
site. Mangifera indica L, Polyalthia longifolia (Sonn.) Thw, 
Terminalia cattapa L and Ficus platyphylla Del which are 
in abundance and well spread in the roadsides were 
selected for the study.
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2.4 � Terminalia catappa L.

Terminalia catappa belongs to the family Combretaceae. 
It is a tall, obvious semi-deciduous tree that grows best 
in tropical climate. T. catappa is an erect tree reaching 
15–25 m tall, with maximum diameter of 1–1.5 m and 
frequently buttressed base. The tree throws a substantial 
shade that is valuable in greenery enclosures, schools 
or urban zones. Terminalia catappa quick development 
makes the tree important as an ornamental species. It is 
used as natural medicine and water conditioner http://
tropi​cal.thefe​rns.info/viewt​ropic​al.php?id=Termi​nalia​
+catap​pa

2.5 � Mangifera indica L.

Mangifera indica is grouped in the family Anacardiaceae. It 
is an extensive evergreen tree reaching up to 20 m tall with 
a dull green, umbrella-formed column. The different parts 
of the plant are used as an antiseptic, laxative, diuretic and 
laxative product. (http://apps.world​agrof​orest​ry.org/treed​
b/AFTPD​FS/Mangi​fera_indic​a.PDF).

2.6 � Ficus platyphylla Del

Ficus platyphylla belongs to the family Moraceaea. It is a 
deciduous tree 10–25 m tall and column spreading. The 
leaves are large and stiff, long and oval, 15–26 cm long, 
10–20 cm across, edge wavy, tip blunted or pointed. Latex 
harvested from the tree is used as a base for chewing gum. 
Bark decoction is sometimes used in the treatment of lep-
rosy and stomach pins. A decoction of the tips leafy branch 
is an antidote to arrow poisoning (http://tropi​cal.thefe​rns.
info/viewt​ropic​al.php?id=Ficus​+platy​phyll​a).

2.7 � Polyalthia longifolia (Sonn.) Thw.

Polyalthia longifolia belongs to the family Annonaceae. It 
is a tall nice looking, evergreen tree with a funnel-shaped 
column. Flowers are yellowish green, in fascicles or short 
umbels from the axils of fallen leaves; petals are sub-
equal, straight, spreading, decreasing to a point. Leaves 
are 7–20 cm long, lanceolate with wavy edges. The leaf 
decoction is used in the treatment of fever [27].

2.8 � Sample collection

Twenty (20) fully developed leaves were collected per 
specimen from each of the four tree species (three individ-
uals per species) making a total sample size of 240 leaves 
per sampling site. Leaves were obtained from all sides of 
the crown and pooled for a representative sample of each 
tree. The harvested leaves were placed in self-sealing black 

polythene bags labeled accordingly. They were placed in a 
polystyrene box containing ice and sent to the laboratory 
for further analysis. Samples for pigment quantification 
were stored at − 40 °C in a deep freezer. The quantifica-
tion of chlorophyll a, chlorophyll b, total chlorophyll and 
carotenoid of the leaf samples were carried out within 24 h 
of their harvesting.

2.9 � Estimation of chlorophyll and carotenoid 
contents

The spectrophotometric method by [6] was used in chlo-
rophyll and carotenoid content determinations. Leaf sam-
ples (3 g) were placed and homogenized in 10 ml of 80% 
acetone solution using mortar and pestle for 15 min. The 
homogenate was transferred to another test tube and 
centrifuged at 2500 rpm for 3 min. The supernatant was 
transferred with a pipette to a cuvette, and the absorb-
ance readings were taken against a blank using CECIL 
8000  UV–Visible spectrophotometer at wavelength 
645 nm, 663 nm and 480 nm.

The amount of chlorophyll and carotenoid was meas-
ured as follows:-

where A = extract absorbance, V = total chlorophyll solu-
tion volume (ml) and W = tissue extract weight (g).

2.10 � Heavy metal analysis

Leaf samples for heavy metal determination were washed 
thoroughly with distilled water and dried overnight in an 
oven at 40 °C for heavy metal analysis. In total, 0.25 g was 
digested wet at 120 °C in HNO3 and then diluted with 
deionized water to 25 mL [33]. The residue was transferred 
after digestion to a 100-mL volumetric flask and was made 
up to the mark using distilled water. For reference, a blank 
digestion solution was made. For the purpose of calibra-
tion, a standardized solution for each heavy metal under 
study was prepared. Heavy metal (Pb, Cu, Cd and Zn) 
concentrations on the leaf samples were determined by 
the use of atomic absorption spectrophotometer (model 
AA240FS). Pb, Cu, Cd and Zn hollow cathode lamps at spe-
cific wave lengths were used. All the samples were ana-
lyzed in triplicates.

Chlorophyll a = 12.7
(

A.663
)

−2.69
(

A.645
)

× V∕1000 ×W mg∕g

Chlorophyll b = 22.9
(

A.645
)

−4.68
(

A.663
)

× V∕1000 ×W mg∕g

Total chlorophyll = 20.2
(

A645

)

− 8.02
(

A663

)

× V∕1000 ×W

Carotenoids = A480 + 11.4(A.663) − 6.38(A.645 nm) × V∕1000 ×W

http://tropical.theferns.info/viewtropical.php?id=Terminalia+catappa
http://tropical.theferns.info/viewtropical.php?id=Terminalia+catappa
http://tropical.theferns.info/viewtropical.php?id=Terminalia+catappa
http://apps.worldagroforestry.org/treedb/AFTPDFS/Mangifera_indica.PDF
http://apps.worldagroforestry.org/treedb/AFTPDFS/Mangifera_indica.PDF
http://tropical.theferns.info/viewtropical.php?id=Ficus+platyphylla
http://tropical.theferns.info/viewtropical.php?id=Ficus+platyphylla
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2.11 � Metal accumulation index (MAI)

To evaluate the general metal deposition on the tree spe-
cies, metal accumulation index (MAI) was adopted by 
using the formula below.

where N is the total number of metals analyzed, Ij = x/dx is 
the subindex for variable j, obtained by dividing the mean 
value (x) of each metal by its standard deviation (dx) [40].

2.12 � Statistical analysis

The data generated were subjected to descriptive statis-
tics (mean and standard error), and independent t test 
was used to evaluate the changes in photosynthetic con-
tents and heavy metal levels in the leaves of the studied 
tree species among the observational sites. Correlations 
among different metal concentrations and metal and pig-
ment variables were analyzed by bivariate correlation test 
with Pearson’s correlation coefficient and two-tailed test 
of significance parameters at a significance level p ≤ 0.05 
and 0.001 using SPSS 23 software.

Percentage variations were calculated using the for-
mula used by [7]

C = mean value for leaf samples of control site; P = mean 
value for leaf samples of polluted site.

3 � Results

The temperature of the polluted sites was 2.17% higher 
in comparison with the control, while relative humid-
ity of the control site was 1.70% higher than the pol-
luted site. Carbon monoxide concentration (6.68 ppm) 
was 87.28% higher at the polluted site as comparing to 
control site. The SO2 concentration (0.19 ppm) was also 
recorded at the polluted sites, which was 63.16% higher 
than the control site. An elevated NO2 concentration 

MAI = (1∕N) +

N
∑

J=1

Ij

Percentage variation(%) = C−P∕C ∗ 100

(0.09 ppm) was also recorded at the polluted site and 
was 33.33% higher as compared to control site (Table 1).

3.1 � Photosynthetic pigment content

The variations in chlorophyll pigments observed in the 
tree species located in the polluted and control sites 
are presented in Table 2. The photosynthetic pigments 
in the leaves of all the four tree species at the polluted 
site were lower and significantly different from those at 
the control site except for Carotenoid contents in Ficus 
platyphylla and Polyalthia longifolia (p < 0.05). There was 
a reduction of chlorophyll ‘a’ content at polluted sites 
as compared to the control site as follows: Polyalthia 
longifolia 43.48%, Mangifera indica 39% and Ficus Platy-
phylla 36.39%. The percentage reduction of chlorophyll 
‘b’ content in the leaves of the studied tree species is 
in this order: Ficus Platyphylla 63.23%, Polyalthia longi-
folia 46.51%, Terminalia catappa 39.13% and Mangifera 
indica, 35.85% (Table 2). A reduction in total chlorophyll 
content in the samples from polluted sites was observed 
with Polyalthia longifolia having 47.42% reduction, Man-
gifera indica, a decrease of 35.85%, Terminalia catappa 
having 33.88% reduction, Ficus Platyphylla 21.05%. Simi-
larly reductions of 23.53%, 21.05% and 16.67% in the 
concentration of carotenoid pigment in the Ficus Platy-
phylla, Polyalthia longifolia, Terminalia catappa and Man-
gifera indica leaf samples from polluted were recorded 
(Table 2).

The changes in the assimilation of pigments of 
selected tree species that are exposed to vehicular air 
pollution in Kumasi Metropolis are presented in Table 3. 
In the Polyalthia longifolia, Ficus Platyphylla and Termi-
nalia catappa leaf samples collected at the polluted 
site, the chlorophyll a/b ratio was higher at the pol-
luted site except for Mangifera indica, which recorded 
a higher chlorophyll a/b ratio (1.87) at the control. Chl 
a + b + carotenoid ratio of Polyalthia longifolia, Ficus 
Platyphylla and Terminalia catappa, was decreased at the 
polluted sites relative to the control site. Thus, at the pol-
luted site there was also lower chlorophyll (a + b)/carot-
enoid ratio for Polyalthia longifolia, Terminalia catappa, 
Mangifera indica and Ficus Platyphylla. 

Table 1   Ambient air quality at 
the sampling sites during the 
study period

(−) = Values indicate that value of control site is higher than polluted site

Sampling sites Parameter

CO (ppm) SO2 (ppm) NO2 (ppm) VOC (ppm) Temperature (°C) Relative humidity

Control 0.85 0.07 0.06 0.01 35.12 52.40
Polluted 6.68 0.19 0.09 0.09 35.90 51.51
% Increase 87.28 171.43 33.33 88.89 2.17 − 1.70
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3.2 � Heavy metal contents

The variations in heavy metal concentration (Mean + SE, 
mg/kg) and metal accumulation index (MAI) of leaves 
sample from different sampling locations are presented 
in Table 4. The heavy metal content in the leaves of all 
the four tree species at the polluted site was higher 
and significantly different from those at the control site 
(p < 0.05).

3.3 � Lead

Pb accumulations at the control site ranged between 
1.28 ± 0.01and 1.78 ± 0.01 (Table  4). Pb accumulation 
(4.68 ± 0.02) was highest in Polyalthia longifolia followed by 
Mangifera indica, Terminalia catappa and Ficus platyphylla. 
At the polluted site, the maximum increase in Pb accumu-
lation was observed in Polyalthia longifolia (265.63%); it 
was followed by Ficus platyphylla. There was a significant 
difference in the Pb accumulation of tree species between 
the polluted sites and the control (p < 0.05).

3.4 � Copper

Copper accumulations ranged between 5.90 ± 0.00 
and 7.23 ± 0.01 in the control site (Table 4). The maxi-
mum Cu amounts were found in Polyalthia longifolia 
(24.00 ± 0.00  μg/g) leaves in the polluted site and the 
lowest Cu accumulation 5.90 ± 0.00) detected in Man-
gifera indica in the control site. Even though the highest 
Cu accumulations were found in Polyalthia longifolia, the 
accumulation of Cu in F. platyphylla was higher (123.97%) 
than the control site. It was followed by M. indica (123.39%) 
and T.catappa (120.06%). It was also observed that stati-
cally significant increases were found in all the tree species 
between the polluted sites and the control (P < 0.05).

3.5 � Cadmium

Cadmium accumulation of leaf samples obtained at 
the control site ranged from 0.03 ± 0.01 to 0.13 ± 0.01 
(Table 4). The highest Cd accumulations in all tree spe-
cies were found in polluted sites. Among the studied tree 
species, Polyalthia longifolia accumulated the highest Cd 

Table 2   Changes in the photosynthetic pigment contents of selected tree species exposed to vehicular air pollution in Kumasi Metropolis

* = significant different, ** = not significantly different, p = probability value, % R = percentage reduction

Tree species Photosynthetic pigments

Sampling sites Chlorophyll ‘a’ 
(mg/g)

p value Chlorophyll ‘b’ 
(mg/g)

p value Total 
chlorophyll 
(mg/g)

p value Carotenoid 
content 
(mg/g)

p value

Terminalia cat-
appa

Control 0.75 ± 0.02 0.036* 0.46 ± 0.00 0.154* 1.21 ± 0.02 0.045* 0.19 ± 0.01 0.035*
Polluted 0.52 ± 0.07 0.28 ± 0.08 0.80 ± 0.14 0.13 ± 0.02
% R 30.70 39.13 33.88 31.58

Mangifera indica Control 1.00 ± 0.01 0.042* 0.53 ± 0.00 0.059* 1.53 ± 0.02 0.048* 0.17 ± 0.01 0.050*
Polluted 0.61 ± 0.09 0.34 ± 0.05 0.94 ± 0.14 0.13 ± 0.01
% R 39.00 35.85 38.56 23.53

Ficus platyphylla Control 0.84 ± 0.01 0.075** 0.68 ± 0.01 0.000* 1.52 ± 0.01 0.017* 0.19 ± 0.01 0.008*
Polluted 0.53 ± 0.11 0.25 ± 0.04 0.77 ± 0.10 0.15 ± 0.02
% R 36.91 63.23 49.34 21.05

Polyalthia longi-
folia

Control 0.92 ± 0.01 0.022* 0.48 ± 0.01 0.000* 1.41 ± 0.00 0.003* 0.18 ± 0.02 0.205**
Polluted 0.52 ± 0.11 0.23 ± 0.01 0.74 ± 0.10 0.15 ± 0.01
% R 43.48 46.51 47.42 16.67

Table 3   Changes in 
assimilating pigments of 
selected tree species exposed 
to vehicular air pollution in 
Kumasi Metropolis

Tree species Chl a/b ratio Chl ‘a’ + Chl ‘b’ + Carot-
enoid

Chl (a + b)/Carotenoid

Control Polluted Control Polluted Control Polluted

Terminalia catappa 1.67 1.86 1.4 0.93 6.37 6.15
Mangifera indica 1.87 1.79 1.69 1.08 8.94 7.31
Ficus platyphylla 1.24 2.12 1.71 0.93 8.00 5.20
Polyalthia longifolia 1.92 2.26 1.58 0.90 7.78 5.00
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polluted site. The Cd values reported in this study were 
lower than that of Cd values of plant leaves in the pol-
luted localities of Antakya [13]. Compared with control, 
the highest increment in Cd (833.33%) was found in F. 
platyphylla (Table 4). Cd content showed statically sig-
nificant difference (p < 0.05) between the polluted and 
control sites in all the tree species (Table 4).

3.6 � Zinc

Zn contents at the control site ranged between 
0.05 ± 0.00 and 0.56 ± 0.26 (Table  4). The highest Zn 
amounts were found in T.catappa (1.96 ± 0.90) leaves 
in the polluted site and the lowest Zn accumulation 
(0.05 ± 0.00) detected in Ficus platyphylla in the control 
site. The highest Zn accumulations were found in Ter-
minalia catappa. However, the accumulation of Zn in 
M. indica was higher (2333.33%) than the control site. 
It was followed by Polyalthia longifolia (1585.71%) and 
Ficus platyphylla (1380%). In the polluted site, there were 
significant (p ≤ 0.05) increases in the other tree species 
except for Terminalia catappa.

3.7 � Metal accumulation index (MAI)

Metal accumulation index value of 5.35 was highest in 
Mangifera indica at the polluted site followed by Poly-
althia longifolia (4.30) (Table  4), while at the control 
site, Mangifera indica also recorded highest MAI value of 

2.9 and the least MAI value of 1.97 found in Terminalia 
catappa.

3.8 � Relationship between photosynthetic pigments 
and heavy metal concentrations

Total chlorophyll content showed a high negative correla-
tion with the concentrations of Pb, Cu and Cd in the leaves 
of T. catappa and also very highly negative correlation with 
Pb, Cd and Zn concentration in Mangifera indica except 
for Cu. It was also observed that total chlorophyll content 
had a very high negative correlation with Pb, Cu and Cd 
concentrations in F. platyphylla and P. longifolia except for 
Zn (Table 5).

Carotenoid content showed high negative correlation 
with Pb, Cu and Cd concentrations in the leaves of in T. 
catappa and very high negative correlation with Pb, Cu 
and Cd contents in Ficus platyphylla. Carotenoid content 
did not reveal any relationship with Pb, Cu, Zn and Cd 
accumulation in P. longifolia and Mangifera indica (except 
for Pb) (Table 5.

It was observed that the concentrations of Pb and Cu, 
as well as for Pb and Cd, were positively correlated in Ficus 
platyphylla, Polyalthia longifolia, Terminalia catappa and 
Mangifera indica, while Pb and Zn concentrations were 
positively correlated for all species but Terminalia catappa 
(Table 5).

The concentrations of Cu and Cd were also positively 
correlated in Mangifera indica, Terminalia catappa, Poly-
althia longifolia and Ficus platyphylla and were positively 
correlated. Also there was a positive correlation between 
Cu and Zn contents in Polyalthia longifolia, Mangifera 

Table 4   Heavy metal concentration (mean + SD, mg/kg) and metal accumulation index (MAI) of leaves sample from different sampling loca-
tions

Mean ± SE in the same column with different letters in superscript are significantly different (p < 0.05)

* = significantly different; p = probability value; % V = percentage variation

Tree species Heavy metal MAI

Sampling sites Pb p value Cu p value Cd p value Zn p value

Terminalia catappa Control 1.78 ± 0.68 0.000* 6.53 ± 3.08a 0.000* 0.13 ± 0.07a 0.000* 0.56 ± 0.44a 0.254* 1.97
Polluted 3.21 ± 1.01 14.37 ± 5.04b 1.08 ± 0.55b 1.96 ± 0.85a 2.58
% V 80.34 120.06 369.56 71.43

Mangifera indica Control 1.75 ± 0.00 0.000* 5.90 ± 0.00 0.000* 0.05 ± 0.02 0.000* 0.06 ± 0.04 0.000* 2.9
Polluted 3.41 ± 1.03 13.18 ± 4.03 0.21 ± 0.08 1.46 ± 0.12 5.35
% V 54.20 123.39 320 2333.33

Ficus platyphylla Control 1.60 ± 0.40a 0.000* 7.05 ± 3.00 0.000* 0.03 ± 0.00 0.001* 0.05 ± 0.01 0.001* 2.85
Polluted 3.02 ± 0.98b 15.79 ± 4.01 0.28 ± 0.00 0.74 ± 0.12 3.37
% V 88.75 123.97 833.33 1380

Polyalthia longifolia Control 1.28 ± 1.00 0.000* 7.23 ± 3.03 0.000* 0.05 ± 0.03a 0.000* 0.07 ± 0.02 0.007* 2.21
Polluted 4.68 ± 1.04 24.00 ± 7.00 0.23 ± 0.10 1.18 ± 0.16 4.30
% V 265.63 93.64 360 1585.71
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indica and Ficus platyphylla. In all tree species with the 
exception of Terminalia catappa, significant positive cor-
relations were found between Cd and Zn concentrations 
(Table 5).

4 � Discussion

The conditions recorded in both sampling sites were 
not different and, therefore, did not affect the results of 
the photosynthetic pigments and metal concentrations 
in the leaves. Thus, differences observed here are to a 
large extent related to the distinct exposure to vehicular 
pollution.

The accumulation of heavy metal has also been stated 
to be directly related to the air entering the stomata and 
the amount of heavy metal taken into the leaf. These con-
taminants may affect the photosynthesis in plants [73]. 
Analysis of chlorophyll is a powerful tool for determining 
the effect of air pollution on plants as it plays a significant 
role in plant metabolism and any reduction of chloro-
phyll content is closely associated with plant growth [86]. 
Hence, the quantity of chlorophyll in the leaf and carote-
noids should have valuable physiological information. The 
chlorophyll pigments experience certain photochemical 
reactions, namely: oxidation, reduction, phaeophytiniza-
tion and reversible bleaching during stress condition as 
the pigment exists in a highly organized condition [62, 74]. 
There have been significant changes in the concentration 
of the studied tree species photosynthetic pigments that 
have resulted in the reduction of chlorophyll ‘a,’ chloro-
phyll ‘b’ and total chlorophyll content in the polluted sites. 
This reduction in plant pigments is independent from local 

climate conditions and most likely due to the high vehicu-
lar pollution found in the polluted site. Such findings are 
consistent with the results of [21, 22, 26] but contrary to 
Mukherjee and Agrawal [47] whose result indicates an 
increased in the content of Chl a and Chl b with a rise in 
air pollution load in the concentrations of M. indica and P. 
longifolia. In M. indica, elevated total chlorophyll content 
was also found at higher pollution loads by [80]. Chloro-
phyll ‘a’ was higher in this study than chlorophyll ‘b.’ This 
result is similar to [87], who reported lower values of chlo-
rophyll ‘a’ than chlorophyll ‘b’ in Quercus petraea polluted 
woodland with SO2. Nayak et al. [51] reported a greater 
decrease in chlorophyll ‘b’ than chlorophyll ‘a’ and in some 
cases similar decrease in chlorophyll ‘a’ and chlorophyll ‘b.’ 
Chlorophyll pigment oxidation may also be induced by 
the activity of SO2 and NO2 on the chlorophyll metabolism 
[38], all of which are components of automotive pollution. 
The decrease of the active photosynthetic leaf region aris-
ing from deposits of particulate matter and visible injury 
symptoms on the leaves of the studied tree species may 
be another explanation for decreased chlorophyll content 
[75]. Mondal et al. [45] observed that air pollutants pen-
etrate the leaves through the stomata, resulting in par-
tial chloroplast denaturation and reduction of pigment 
content in the leaves of polluted sites. These research-
ers attributed this to the replacement of Mg2+ with two 
atoms of hydrogen and the degradation of chlorophyll to 
phaeophytin.

Carotenoid plays an important role in the photosyn-
thetic process and protects chlorophyll from photoxi-
dative reaction. In this study the amount of carotenoid 
was reduced compared to the control. Other studies 
obtained similar results [17, 21, 22, 26, 30]. Swami et al. 

Table 5   Relationship among 
metal–metal and metal–
photosynthetic pigments in 
studied tree species under 
vehicular pollution

Terminalia catappa Mangifera indica Ficus platyphylla Polyalthia longifolia

Metal–metal correlations
 Pb × Cu 0.999** 1.000** 1.00** 1.00**
 Pb × Cd 0.999** 0.993** 0.997** 0.983**
 Pb × Zn 0.996** 0.970** 0.987**
 Cu × Cd 0.999** 0.992** 0.997** 0.982**
 Cu × Zn 0.995** 0.971** 0.985**
 Cd × Zn 0.995** 0.967** 0.971**

Metal–photosynthetic pigments correlations
 Pb × Total Chl − 0.820* − 0.910* − 0.966** − 0.950**
 Cu × Total Chl − 0.823* − 0.907 − 0.965** − 0.954**
 Cd × Total Chl − 0.838* − 0.925* − 0.963** − 0.937**
 Zn × Total Chl − 0.910* − 0.899* − 0.899*
 Pb × Carotenoid − 0.844* − 0.847* − 0.926**
 Cu × Carotenoid − 0.843* − 0.926**
 Cd × Carotenoid − 0.857* − 0.935**
 Zn × Carotenoid − 0.862*
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[78] recorded a major decrease in carotenoid content 
from Shorea robusta and Mallotus phillipinensis due 
to roadside pollution from vehicles. Agrawal [3] also 
reported a decrease in the carotenoid content of various 
plants due to gaseous pollutant exposure. Singh and Pal 
[76] also reported the low carotenoid content in road-
side plant species due to the accumulation of dust par-
ticles on the leaf surface as compared to the control site. 
Our finding, however, was inconsistent with [47], who 
reported significant increases in carotenoid content in 
parks with higher pollution loads across all plant species.

Chlorophyll ‘a’ is found in the pigment antenna and in 
photosystem I and II reaction centers, while Chlorophyll ‘b’ 
originates entirely in the pigment antenna system. Conse-
quently, an enlargement of the PS II antenna system leads 
to a reduction of the Chlorophyll a/b ratio [80]. Chlorophyll 
a/b ratio provides a degree of tree tolerance index, and 
higher plant species typically produce more Chlorophyll 
‘a’ than Chlorophyll ‘b’ [85]. A high ratio is an indication 
of better air pollution tolerance, and the low ratio indi-
cates sensitivity [34]. A higher ratio of chlorophyll a/b in 
the Polyalthia longifolia, Ficus Platyphylla and Terminalia 
catappa leaf samples collected at the polluted site sug-
gests that these tree species are more tolerant to vehicular 
air pollution, while Mangifera indica is more sensitive to 
vehicular pollutants. Mukherjee and Agrawal [47] recorded 
a decreased ratio of Chlorophyll a/b in all other species, 
except for P. guajava in areas with higher pollution loads.

The weight ratio of Chlorophyll a and b to carotenoids 
(a + b)/(x + c) is one measure of greenness of plant. The 
lower values of (a + b)/(x + c) ratio are an indicator of senes-
cence, stress and damage to the photosynthetic system 
indicated by a faster chlorophyll breakdown than carote-
noids. A decrease in these ratios is an indicator of the stress 
and harm caused by air contaminants in automobiles.

Pb natural, normal and toxic limits are 3, 10 and 
30–300 mg/kg, respectively, for plants [5, 28, 33]. Pb accu-
mulation in the leaf samples of T. catappa, M. indica, Ficus 
platyphylla and P. longifolia trees collected from the pol-
luted site was higher than the natural limits in plants. The 
highest lead content in leaf of the studied tree species 
was observed at the polluted sites. Similar results were 
obtained by [2, 7, 17, 37, 41, 50, 66]. The translocation of Pb 
from the root of plants is not the main path for the uptake 
of Pb; however, plants can easily pick up Pb from the 
atmosphere through the leaves [29, 83]. Also, [67] stated 
that the high Pb value in plants was due to the uptake 
from the above-ground parts (leaves stem and seeds) 
due to air-borne Pb. It has been reported that an increase 
in lead content in the atmosphere occurs due to anthro-
pogenic behavior, primarily due to the past combustion 
of leaded fuel, and the persistence of Pb in the environ-
ment. Lead has also been considered as one of the most 

distinctive heavy metals attributable to vehicular pollution 
[59, 77]. Pb is one of the most common elements in pol-
luted areas; excessive lead produces detrimental effects 
on plant morphology, development and photosynthetic 
processes [10, 60].

Cu is a micronutrient related to the growth process in 
plant tissue, but it is toxic when it is in excess concentra-
tion. According to 75, 59 most plant species can accumu-
late substantial amounts of copper under different natu-
ral and anthropogenic conditions. The phytotoxic level is 
30 ppm, while the acceptable limit of copper for plants is 
between 2 and 20 ppm [28, 54]. In this study, Cu concen-
trations were within the acceptable limits, but higher in 
the polluted sites. The high concentrations of Cu at pol-
luted sites could be caused by corrosion of metal parts of 
cars derived from engine wear, brushing and metal bear-
ing [4]. Similar result was obtained by [17, 25 and 66].

Among other metals in this study, cadmium had the 
lowest concentrations. According to Hu et al. [25], Cd puts 
up in low concentrations in particulate matter, thus the 
likelihood of low Cd concentrations in the plant samples. 
The amount of Cd in all the studied tree species at pol-
luted and control sites was lower than the acceptable 
limit levels of Cd (> 10 μg g–1) in plants [43, 81], except 
for Terminalia catappa that exceeded the maximum toxic 
level of 0.5 μg g–1 for plant foods [46], an indication that 
it is not safe for its usage for medicinal purposes. Liu et al. 
[40] stated that fossil fuels combustion, vehicle tire wear 
and vehicle lubrication oil, and combustion are the main 
sources of airborne Cd to the environment.

Zinc is a vital constituent of plant protein that performs 
an essential function in biosynthesis [69]. Zinc originates 
mostly from atmospheric deposition; it may also be 
obtained from traffic [16]. The acceptable levels of Zinc 
in plant have the ranges between 10 and 150 mg/kg [54]. 
It was also observed that Zn increases were found in the 
other tree species in the polluted site compared to con-
trol except for Terminalia catappa. Our result agrees with 
[25] report of an increased Zn concentration in polluted 
sites. In their study, the highest Zn concentration was con-
tained in S. matsudana from the polluted site, while the 
minimal concentration was observed in F. chinensis of the 
control. Similarly, [17] reported elevated Zn accumulation 
in leaf tissues of all plant species the polluted localities in 
Antakya region in comparison with the control. Bargagli 
[8] recorded an increase in the concentration of zinc by 
Populus at the urban areas than in the control sites. Stud-
ies have shown that trees which accumulate Cd do not 
accumulate Zn [17, 65]. Our result is in agreement with 
this assertion; hence, zinc accumulation in all the studied 
tree species was higher than the cadmium in the studied 
sites. The microclimate factors (temperature and humidity) 
to a very large extent affect the pollutant process for on 
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road vehicles [68]. Higher relative humidity brings about 
lower concentrations of air pollutants such as NOx, SO2, 
HC and particulate matter [39]. The concentration of air 
pollution may also vary according to the local tempera-
tures, as air quality decreases as temperature increases. 
Studies have shown that emissions significantly increase 
above 2.25 ppm under high temperature [20]. However, 
this effect is not expected to bias the results presented 
in this study as local climate conditions are rather similar 
between control and polluted sites.

Significant relationships were also observed between 
the concentrations of different metals in the leaves and 
between their concentrations and the content of photo-
synthetic pigments. This relationship may have accounted 
for the metal-specific effects on the chlorophyll and carot-
enoid biosynthesis [55]. There is simultaneous accumula-
tion of different elements in the leaves of plant species 
[40]. Metal accumulation index relies upon different fac-
tors such as atmospheric chemistry of the local environ-
ment and meterology [25], including height of the sam-
pled trees, sampling time and plant characteristics [24, 89]. 
In this study the MAI value (5.35) was highest in Mangifera 
indica at the polluted site followed by Polyalthia longifolia 
(4.30) (Table 5). There were changes in MAI in all the stud-
ied tree species resulting from different pollution burden 
and an indication that the removal capabilities of plant 
species differ from each other [31]. This result agrees with 
Liu et al. [40], report of higher MAI values of plant spe-
cies collected from the distance of 1–9 m from the road, 
while the plant species obtained from 10 m had lower MAI 
values. Similarly, maximum MAI values were recorded at 
the Barjora forest surrounded by different pollution zones 
and minimum MAI values at a Wildlife Sanctuary in West 
Bengal, India, a control site without human activities. 
Hu et al. [25] also reported elevated metal accumulation 
index values at Yan’an, China. In the present study, the 
maximum MAI value found in Mangifera indica (5.35) and 
Polyalthia longifolia (4.30) reveals that they possess good 
accumulation in heavy metal when growing in a polluted 
condition. Thus, it could be used as buffer between con-
taminated and susceptible areas [25, 31, 48]. Owing to the 
complexities of the parameters of environment it has been 
challenging to calculate harmful concentrations and the 
effects of heavy metals in natural ecosystems [81]. Depo-
sition of heavy metal and translocation occurs in plants 
via the roots and leaves [29, 69], so the precise quantity 
of elements from air or soil is impossible to differentiate. 
It is evident that plants in polluted areas are rich in heavy 
metals relative to plants in stable conditions by comparing 
the results of the control site and others, independent of 
the absorption process [25].

5 � Conclusion

This study established that the studied tree species situ-
ated at the polluted sites (arterial roadsides) were nega-
tively affected by higher vehicular air pollutant concen-
trations as compared to the control. A higher ratio of 
chlorophyll a/b in the Ficus Platyphylla, Polyalthia longifo-
lia and Terminalia catappa leaf samples collected at the 
polluted site suggests that these tree species are more 
tolerant to vehicular air pollution, while Mangifera indica 
is more sensitive to vehicular pollutants. A higher metal 
accumulation index value found in Mangifera indica and 
Polyalthia longifolia reveals that they possess good accu-
mulation in heavy metal while growing in polluted envi-
ronments. The usage of urban trees as bioindicators is a 
cost-effective and simple strategy and thus provides a 
sustainable ecological method for the conservation of 
urban habitats.
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