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Abstract 
Urban air pollution is a major environmental concern, and it should be 
addressed on a priority basis for human health and the urban ecosystem. The 
study was performed to investigate and understand the spatial distribution 
and contamination levels in the leaves of selected plants (Eugenia 
jambolana, Morus alba, Dalbergia sissoo, Populus deltoides, Ficus religiosa, 
Ficus variegata, Cassia fistula, Eucalyptus camaldulensis, Melia azedarach, 
Psidium guajava, Pongamia pinnata, Callistemon citrinus, and Polyalthia 
longifolia) exposed to the polluted areas of Canal Road, Lahore. Metal 
concentrations (Pb, As, Cr, and Cd) in the leaves of the plants were analyzed 
using atomic absorption spectrometry (AAS). The contamination level of As 
(Average ~1.03 mg/kg) was found to be moderately low in all trees tested 
except in Eucalyptus camaldulensis (As~2.11 mg/kg). Lead (Pb) accumulation 
levels in the leaves were observed to be visibly higher in almost all samples 
(Average ~ 5.34 mg/kg) than the WHO recommended limit (2 mg/kg). Among 
all samples, Ficus religiosa was found to have the highest levels of Pb. 
The contamination trends of Cr were observed to be high (Average~1.06 
mg/kg) in non-native species, specifically in Eucalyptus camaldulensis (3.21 
mg/kg). The Cd concentrations were also found to be higher in all plant 
samples (Average ~1.90 mg/kg) than the WHO permissible limit (0.02 mg/kg) 
in plants. Principal Component Analysis (PCA), GIS, and Minitab-19 were also 
applied to the data. This work is important to set a baseline for future 
researchers to appraise pollution load in different areas in light of the 
findings of this study. 
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Introduction 

The atmosphere, a multifaceted and dynamic gaseous matrix, stands as a critical entity responsible 
for upholding and nurturing life on our beloved planet, Earth. While encompassing an intricate 
amalgamation of compounds, this atmospheric framework performs an array of indispensable functions 
(Sarmiento-Cano et al., 2022). However, the undeniable reality persists those human activities in the 
form of anthropogenic endeavours, possess the potential to significantly impinge upon the delicate 
equilibrium of our environment. Among the plethora of concerns that arise from our actions, 
atmospheric pollution emerges as a ubiquitous predicament demanding immediate attention (Ashraf et 
al., 2010; Seager et al., 2012; Manisalidis et al., 2020).  
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The influence of different meteorological conditions such as sunlight, and particulate and gaseous 
air discharge react to produce a number of toxic pollutants that are dangerous for humans, animals, and 
plants (Wu et al., 2024). Heavy metal pollution is the most prominent component in atmospheric 
pollutants that are mainly caused by immobile or mobile pollution sources, such as power generation 
services, waste incineration, domestic oil burning, vehicular traffic, industrial activities, or construction 
and demolition activities (Aziz and Bajwa, 2007; Das et al., 2023). Once these pollutant particles enter 
the atmosphere they can move easily with wind. Pollution and emission level variations depend on the 
town planning and infrastructure because buildings are also counted as pollution emission sources due 
to various power-consuming activities (Manisalidis et al. 2020).  

Pollution can affect human health in numerous ways; several factors influence human health, e.g., 
composition of air pollutants, time of exposure, and dose (Tran et al., 2023). Pollution exposure in 
humans can cause difficulty in breathing, nausea, cancer, skin irritation, birth defects, reduced activity of 
the immune system, and developmental delay in children (Santos et al., 2019). The most common heavy 
metal air pollutants are mercury, cadmium, and lead (Mitra et al., 2022; Naz et al., 2023), impacting 
adversely the environment.  

Urban areas' air pollution components due to a significant rise in air pollution emissions brought on 
by fast economic and industrial development over the past century, air quality has become a significant 
global environmental issue (Rehman, 2018). In cities, particulate matter, ozone, and nitrogen dioxide are 
the most prevalent pollutants in the air (Ritz et al., 2019). Particularly, prevalent in industrial locations is 
sulphu dioxide. Fungal spores or plant-derived particles (pollen grains and tiny elements, such as soybean 
dust and Ricinus) carry and distribute aeroallergens (D’Amato et al., 2000, D’Amato et al., 2002, D’Amato 
et al., 2005, Annesi-Maesano et al., 2007; D’Ovidio et al., 2023). According to the United States 
Environmental Protection Agency, it is estimated that more than 50% of Americans reside in locations 
where ozone, nitrogen dioxide, sulphur dioxide, and particulate matter levels are higher than the current 
national ambient quality standards (Dockery and Stone, 2007). 

The objective of the present study was to determine the concentrations of selected metals in the 
leaves of some woody species in an urban ecosystem so as to identify the pollution-sensitive species as 
bio-indicators of pollution and understand their spatial distribution pattern. 

Materials and Methods 

Study area  

A comprehensive study was conducted involving the collection of plant samples from different 
locations along the Canal bank within Lahore City (Figure 1). Specifically, the selected sampling sites 
involved the most busy and congested regions within the city, which stretch from Thokar Niyaz Baig to 
Jail Road within the Lahore city. It was within this carefully described area that a variety of plant leaves 
were systematically and randomly collected from a diverse range of plant species. The study sought to 
explain the influence of heavy traffic on various parts of the atmospheric composition. This intricate 
examination intended to unravel the complex relations between vehicular emissions, plant biology, and 
the overall dynamics of the surrounding environment. 

 

 
Figrue 1. Description of sampling site through a map (Canal road) 
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Lawrence Garden (Bagh-e-Jinnah) (Figure 2) is a large historic park in Lahore with a zoo, open-air 
theater, library, sports facilities, and about a 2 km jogging track. This park is roughly comprised of about 
140 types of shrubs, 150 types of trees, 50 varieties of creepers, 30 palms, and huge types of annual 
flowers. The annual flower show is held every spring season, and the worth visiting occasion in Lawrence 
Garden is the annual Chrysanthemum show (Qasim, 2015). 

 

 
Figure 2: Description of sampling site through the map (Lawrence Garden). 

Selection of plant species  

Thirteen common plant species were chosen for this study, comprising a variety of local and non-
native species. All of these plants are abundantly planted along the bank of the Lahore canal or at green 
belts on the canal road, and the leaves were sampled using a random selection approach. Some fruiting 
plants, such as Java plum, white mulberry, and guava, were chosen for heavy metal analysis due to public 
health concerns, as were some species with economic or beneficial significance, and some decorative 
species. 

These species were Eugenia jambolana (Java plum or jamun), Morus alba (White mulberry), 
Dalbergia sissoo (Indian rosewood or Shesham), Populus deltoides (Eastern cottonwood) Ficus religiosa 
(Sacred fig or peepal) Ficus variegata (Fig tree), Cassia fistula (Amaltas), Eucalyptus camaldulensis (Gum 
tree/safeda), Melia azedarach (White cedar/Drek), Psidium guajava (Guava/Amrood), Pongamia pinnata 
(Indian beach tree/Sukh Chain), Callistemon citrinus (Bottle brush) and Polyalthia longifolia (False 
ashoka/Ulta sauk). 

Sampling of plant leaves  

Leaves of all selected species were collected from different sampling sites selected for this study 
along the Lahore Canal. Two leaves of each plant were sampled from each site. Leaf area with the help of 
a scale was also noted for every single species. The collected leaves were fully expanded young. The leaf 
samples were made free from dust and kept in a metal-free white paper. 

Sample analysis  

Dried and processed plant samples (each 0.5 g) were taken into each of MF/HF vessels of a 
microwave oven. Three mL of concentrated HNO3 were added to the sample (in the fume hood), and 
carefully spun, then 3 mL of concentrated H2O2 and 0.5 mL of concentrated HCl were added to each 
vessel. The vessels were placed in a microwave the temperature of which was set at 100 °C for 10 
minutes, then allowed the samples to cool down. The metals such as Pb, As, Cr, and Cd were determined 
using an atomic absorption spectrophotometer. 

Statistical analysis 

Statistical analysis was done to estimate the concentration trends of heavy metals in the selected 
trees. Biomass of all trees was calculated using the tree biomass estimation formula (MT ~ exp (-2.977+in 
ρD2HT)) where Mt (kg) is dry mass above ground, D (cm) diameter, HT (cm) height, and ρ (g/cm3) is the 
wood density. The average values of every parameter were also drawn by using the MS Excel average 
formula. Minitab 19 was used to generate PCA or also to calculate dependencies of different parameters 
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and their clustering trends; GIS was also used to generate spatial distribution maps of vast data. 

Results and Discussion 

Field data obtained during the sampling is given in Table 1. In this study, we analyze the vehicular 
traffic impacts on roadside vegetation as well as on the environment by applying heavy metal detection 
tests on leaves of different tree species. The leaves of different plant species planted along the Canal 
bank or at Canal Road and 5 leaf samples from the Lawrence Garden (as control), were analyzed in this 
study. All field observations of 18 different sites and field or lab data were collected and tabulated. The 
analysis shows that all sites are considered to be heavily polluted with Pb, but the concentrations of As, 
Cr, and Cd are different in samples from different sites. This species examination shows that due to heavy 
traffic and the industrial sector, most of the sites of Lahore are affected by pollution.  
 
Table 1. Field data including longitude, latitude, tree height, and diameter, carbon mass, tree canopy, leaf 
arrangement, and other parameters 
ID Lon Lat PH LEA Dia CM TCan LAr Leaf Condition 

LTN1 74.35479 31.47125 4.27 43.9 0.182 0.27 3.05 Alternate 
Dark green/Healthy, 
disease free/Mature 

LTC2 74.31527 31.50776 9.14 40.6 0.488 3.76 7.62 Alternate 
Medium 
green/Healthy, 
disease free/Mature 

LTZ3 74.35479 31.55002 11.28 86.1 0.731 10.48 6.10 Alternate 
Dark green/Healthy, 
disease free/Mature 

LTJ4 74.34137 31.53601 9.45 62.3 0.518 4.58 7.01 Opposite 
Glossy dark 
green/Healthy, 
disease free/Mature 

LTR5 74.27798 31.45642 8.23 102.0 0.549 4.44 3.96 Opposite 
Light green/Healthy, 
disease free/Mature 

LLG6 74.33047 31.55327 12.50 86.1 0.762 13.11 5.49 Alternate 
Dark green/Healthy, 
disease free/Mature 

LLG7 74.33047 31.55327 4.57 102.0 0.213 0.41 1.83 Opposite 
Light green/Healthy, 
disease free/Mature 

LLG8 74.33047 31.55327 7.62 43.9 0.579 4.49 7.92 Alternate 
Dark green/Healthy, 
disease free/Mature 

LLG9 74.33047 31.55327 8.84 62.3 0.579 5.03 5.79 Opposite 
Glossy dark 
green/Healthy, 
disease free/Mature 

LLG10 74.33047 31.55327 11.89 40.6 0.640 8.75 7.01 Alternate 
Medium 
green/Healthy, 
disease free/Mature 

LTQ11 74.29901 31.49056 4.57 20.9 0.305 1.18 3.05 Alternate 
Glossy dark 
green/Healthy, 
disease free/Mature 

LTP12 74.25317 31.4738 6.10 51.6 0.762 3.58 5.49 Alternate 
Smooth and light 
green/Healthy/Mature 

LTB13 74.31905 31.51188 12.19 23.8 0.366 4.99 2.44 Alternate 
Bluish 
green/Healthy/disease 
free/Mature 

LTS14 74.23914 31.46908 7.62 20.8 0.305 4.49 6.10 Bi-pinnate 
Dark green/Healthy, 
disease free/Mature 

LTG15 74.32248 31.51546 4.57 52.7 0.792 1.09 2.44 Opposite 

Green to brownish 
green/May be leaf 
curling 
syndrome/Mature 

LTH16 74.27703 31.47977 5.49 61.9 0.945 1.59 3.35 Alternate 
Glossy deep 
green/Healthy, 
disease free/Mature 

LTF17 74.33458 31.52819 6.40 1.9 0.030 1.69 4.88 Alternate 
Dark green with small 
soft hairs/Healthy, 
disease free/Mature 

LTU18 74.32561 31.51901 8.23 39.7 0.610 2.89 2.74 Alternate 
Dark to lime 
green/Healthy, 
disease free/Mature 

LON = Longitude; LAT; Latitude, PH= Plant height (m); LEA = Leaf area, Dia = Diameter (m); CM = Carbon mass (kg); 
TCan = Tree canopy (m); LAr = Leaf arrangement; LC = Leaf Color/Health/Stage 
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Traffic flow 

The traffic flow was also considered to obtain useful information associated with the intensity of the 
vehicular flow. The variation of vehicular flow was estimated through direct manual observation for two 
days during three time periods in a day from 8:00 a.m. to 10:00 a.m. (morning max flow), 12:00 p.m. to 
2:00 p.m. (afternoon max flow), and 5:00 p.m. to 9:00 p.m. (evening max flow).  

Permissible limits by WHO  

The World Health Organization (WHO) has established stringent permissible limits for heavy metal 
concentrations in tree leaves due to their potential environmental and health implications (Table 2). 
When heavy metal levels exceed these specific limits, they can lead to toxicity in plants, and if consumed 
by humans, they can pose health risks. Additionally, heavy metal accumulation in plant leaves can disrupt 
food synthesis pathways and interfere with environmental cleansing processes.  
 
Table 2. WHO permissible limits of heavy metal (Cd, Cr, As & Pb) in plants (WHO, 1996). 
Heavy metal  Permissible value of plants (mg/kg)  
Cd  0.02  
Cr  1.30  
Pb  2.00  

Metal concentrations in tree leaves  

The findings show that lead (Pb) concentrations in the tree leaves from both the study and control 
sites exhibited a wide range of values, spanning from 0.6 mg/kg to 10.3 mg/kg (Table 1). In this context, 
it is important to note that the permissible limit for lead (Pb) in plants, as set by the World Health 
Organization (WHO, 1996) is 2 mg/kg of dry weight. The high concentration of Pb was observed in LLG7, 
LTZ3, and LTJ4 (Table 1), which might have been due to the heavy traffic even at the control site because 
the samples were taken from road-facing side.  

Lead is a component of older gasoline formulations and vehicles that use such fuels and can release 
lead into the atmosphere as part of their emissions (Bhasin et al., 2023). This can result in lead 
deposition on nearby surfaces, including the leaves of trees and plants (Collin et al., 2022). This study 
indicates that the more trees near a road have more exposure to vehicular traffic (cars, bikes, and heavy 
traffic) which might have resulted in high Pb concentration in leaves. On the other hand, LLG10 has a 
very low Pb concentration (Pb~0.6 mg/kg); the reason could be that these samples were taken from the 
control site with less traffic exposure. So, the Pb accumulation in leaves may be directly related to traffic 
size.  

According to the British Herbal Medicine Association (1998), the normal range of arsenic (As) in 
plants is 5 mg/kg. However, arsenic cannot accumulate up to toxic levels in plants, but still has the ability 
to cause negative impacts on plants, animals, and humans. Table 1 shows that arsenic (As) values range 
from 0.05 mg/kg to 2.11 mg/kg. The highest As concentration was recorded in LTB13 as 2.11 mg/kg and 
in LTP12 as 2.03 mg/kg, while the lowest values of As were recorded in LLG10 and LLG6 as 0.05 mg/kg. 
Generally, As level was low in those samples that were taken from off-road area, while the samples taken 
from the canal road displayed higher As concentration. The reason for high As concentration in the off-
road samples might have been due to the mixing of polluted water with canal water or it might have 
come from vehicular exhaust, ultimately accumulating in the leaves through roots or through the air 
(Deng et al., 2024).  

Table 1 also shows the concentrations of chromium (Cr) in the leaves of the trees along the Canal 
road and Lawrence Garden. Chromium concentrations in the plant samples ranged from 0.04 mg/kg to 
3.21 mg/kg. The permissible limit for Cr recommended by WHO for plants is 1.30 mg/kg. Chromium 
concentration in some plant samples like LTB13 had the highest level of Cr as 3.21 mg/kg; LTP12 also had 
the high concentration of Cr as 3.02 mg/kg. On the other hand, LTJ4 had the lowest concentration of Cr 
(0.04 g/kg). These results indicate that vehicular traffic size also affected the leaf Cr concentration. The 
sampling sites with less traffic exposure showed low Cr concentration, while the trees at the sites with 
more traffic exposure had high Cr. The concentration of chromium (Cr) in plant leaves is influenced by a 
combination of human activities and natural processes. Chromium enters the environment through 
various sources such as industrial emissions and natural weathering of rocks, and its uptake by plants 
through roots that is typically low (Hussain et al., 2006; Prasad et al., 2021).  

Cadmium (Cd) in the leaf samples was highly variable ranging from 0.7 to 6.1 mg/kg (Table 1). WHO 
recommended the permissible limit for Cd concentration in plants as 0.02 mg/kg. Thus, Cd levels in 
almost all leaf samples were higher than the recommended limit by WHO. Higher Cd concentrations 
were recorded in LLG9 (6.1 mg/kg), LTZ3 (5.71 mg/kg), and LLG6 (3.5 mg/kg). In contrast, lower Cd 
concentrations were found in LTR5 (0.7 mg/kg), LTN1 (0.848 mg/kg) and LLG10 (0.9 mg/kg) (Table 1). The 
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reason for the high Cd concentration may have been the use of fertilizers and pesticide sprays for better 
plant growth in the Lawrence Garden, because Cd concentration was comparatively high in the control 
samples as compared to those of the samples from the Canal road. In fact, there was no major chemical 
industry or use of pesticides along the Canal road, so, there is no direct connection between vehicular 
traffic and Cd concentration, and Cd can enter in the atmosphere from a source other than vehicular 
traffic (Genchi et al., 2020).  

Metal concentrations and species origin  

The study data was also analyzed to establish if the origin of selected species (native or non-native) 
affected the accumulation levels of heavy metals and species belonging to which origin contained more 
contaminations. Generally, the accumulation of different metals was higher in the native species than 
that in the non-native ones (Table 3).  
Table 3. Metal concentrations in native and exotic plant species  
Sample ID Species name Origin Pb (mg/kg) As (mg/kg) Cr (mg/kg) Cd (mg/kg) 
LTN1 Morus alba   Native 9.43 0.78 0.163 0.848 
LTC2 Dalbergia sissoo Native  5.33 0.5 0.047 1.66 
LTZ3 Populus deltoides  Native 9.1 0.23 0.2 5.71 

LTJ4 
Eugenia 
jambolana  

Native 8.3 0.25 0.04 1.8 

LTR5 Ficus religiosa Native 6.3 0.17 0.12 0.7 
LLG6 Populus deltoides   Native 2.3 0.05 0.15 3.5 
LLG7  Ficus religiosa  Native 10.3 0.71 0.3 1.1 
LLG8 Morus alba  Native 0.7 0.2 0.58 1.8 

LLG9 
Eugenia 
jambolana  

Native 6.9 1.88 1.05 6.1 

LLG10 Dalbergia sissoo Native 0.6 0.05 0.57 0.9 

LTQ11 Ficus variegata 
Non-native 
(Bangkok) 

 2.91 1.12 0.98 0.99 

LTP12 Cassia fistula 
Indian 
subcontinent 

 6.67 2.03 3.02 1.51 

LTB13 
Eucalyptus 
camaldulensis 

Non-native 
(Australia) 

 6.45 2.11 3.21 1.67 

LTS14 Melia azedarach 
Non-native 
(Australia) 

 4.56 1.95 2.91 1.34 

LTG15 Psidium guajava 
Non-native 
(Australia) 

2.86 1.76 0.32 1.45 

LTH16 
Pongamia 
pinnata 

Native 5.21 1.99 2.34 1.23 

LTF17 
Callistemon 
citrinus 

Non-native 
(Australia) 

4.38 1.53 1.96 1.04 

LTU18 
Polyalthia 
longifolia 

Non-native (India) 3.98 1.34 1.23 0.91 

Higher concentrations trend Mix trend Non-native Non-native Native 

 Local species (Native)  Exotic species (Non-native) 

Dependencies on different growth attributes  

In order to indicate the absence or presence of a direct relation between heavy metal content in 
leaves and the physical parameters of plants, scatter plot graphs were also designed for better 
explanation and to find correlation among different parameters. Figure 3a, b, c, d, and e explain the 
correlation and dependencies trends of different parameters that we analyzed during this study. Figure 
3a represents the weak relation between As and Cd, as their correlation value had been noted as 
R2~0.003, which represents the very weak correlation. 

In Figure 3b, dependencies between Cd and C mass were noted to some extent; both are directly 
proportional to each other. Cadmium concentration tended to increase in plants with higher carbon 
mass. So, plants with more carbon mass are expected to have been exposed to more Cd pollutants. Their 
correlation value was R2~0.3244 which is a comparatively strong correlation as compared to that 
between As and Cd. 

In Figure 3c, dependencies of Cr concentration on the concentration of As show that both 
parameters have a comparatively strong correlation with a value of R2~0.6632, which means in case of 
high As accumulation, Cr level must also be high. In Figure 3d the connection between the tree height 
and Pb level in leaves was measured which indicates that the level of Pb in plant leaves was not 
dependent on tree height; it may be low in tall trees and high in small trees. So, there must be some 
other reasons behind the high Pb level in leaves.  



INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2025): VOL. 4, NO. 2, 227-237 
 

233 

In Figure 3e dependency of Cr accumulation in leaves on leaf area basis is given, which indicates the 
inverse relation between Cr concentration and leaf area. For example, Cr level was high in trees with 
small leaves or low in trees with broader leaves. This may have been due to the effect of heavy metal 
contaminations on reducing leaf size. Correlation between them was also weak with a value of 
R2~0.2731. 

The number of anthropogenic or environmental factors that affect the metal concentrations in the 
environment or also in living components of the ecosystem, the climate of the area where trees are 
planted, and origin of species, are considered the environmental factors on which heavy metal 
accumulation depends (Sytar at al., 2020). Population distribution trends also have some prominent 
relation with pollution and pollutant availability in the atmosphere. The composition of atmospheric 
components is another reason for leaf contamination (Ossola and Farmer, 2024).  

  

 
Figure 3. The scatter plot graph to explain the relationship between different parameters and also the 
correlation between them. Plot (a) shows the relationship between As and Cd, (b) between carbon mass and Cd, 
(c) between Cr and As, (d) between Pb and height, and (e) between Cr and leaf area. 

Spatial distribution of different parameters 

Spatial distribution patterns of heavy metal levels are shown as maps in Figure 4. In spatial 
distribution, data was presented in the form of maps to elaborate the trend and symmetry among 
different parameters that were studied or analyzed during the research discourse. It also represents the 
location of different samples on the map with their IDs and values of specific parameters. Figure 4c 
specifies the Pb levels of the tested species, as we discussed earlier Pb contamination showed a mix and 
match trend of increase or decrease, but is affected by the traffic exhaust. 
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Heavy metal contents of arsenic (As), chromium (Cr), and cadmium (Cd) are given spatial 
distribution pattern. Figure 4a also gives an un-even symmetry because of the random selection of tree 
species. Arsenic is mostly abundant in non-native species due to which As concentrations gave an 
irregular trend on the map. Figure 4b shows the distribution pattern of Cr that gave a specific pattern 
lower at the northern side, then higher at the southern side. The spatial distribution of Cd is given in 
Figure 4c and the map shows that Cd in northern side is higher than the Cd concentrations on the 
southern side, and Cd contents were found more abundant in the native species than that in the non-
native ones. 

 
 

  
Figure 4. The map shows spatial allocation of heavy metal levels of (a) Arsenic, (b) Chromium, (c) Cadmium, 
(d) Lead based on analytical data using metal detecting instruments 

Prominent concentrations of specific metals 

From this study it was established that Pb and Cd concentrations in the samples were comparatively 
high in all leaf samples compared to As and Cr. The Pb content was almost higher in all leaf samples 
including the control samples (Table 3). Concentrations of both heavy metals in samples ranged from 
10.3 to 0.6 mg/kg for Pb and from 6.1 to 0.7 mg/kg for Cd. This trend indicates that Pb is almost high at 
every site due to the massive flow of vehicular traffic in Lahore. 

Physical attributes and metal concentrations trends 

The Principal Component Analysis (PCA) plot (Figure 5) represents the results for the first and 
second components as they are statistically closely related. Lines direction and their closeness to each 
other show that heavy metal concentrations are dependent on different factors including concentrations 
of other metals, tree height, carbon mass, canopy, and leaf area. With PCA analysis direct or indirect 
relations between different parameters could be drawn in order to establish our opinion regarding which 
factors affect the metal levels in the leaves of different trees. 
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Figure 5. PCA shows a comparison of different parameters and their trends of clustering 

Conclusion  

In this investigation, the elemental concentrations of selected metals were found to be very 
variable, with no systematic change or spatial distribution pattern detected in the sampling area. Arsenic 
pollution (Average ~1.03 mg/kg) was found to be moderately lower, indicating less metal intake by the 
trees. Lead  (Pb) accumulation levels in the leaves were found to be much higher in almost all samples 
(Average ~ 5.34 mg/kg) than the WHO recommended limit (2 mg/kg), with Ficus religiosa having the 
highest value among all samples. Chromium (Cr) contamination trends were documented to be high 
(Average ~ 1.06 mg/kg) in non-native species. Cadmium concentrations in the leaves were also found to 
be high (Average ~ 1.90 mg/kg) when compared to the WHO permitted limit (0.02 mg/kg) in plants. We 
infer from this study that the size of automobile traffic had a significant impact on heavy metal levels in 
the tree leaves as well as atmospheric compositions.  

Author(s), Editor(s) and Publisher’s declarations 

Acknowledgement 
The authors acknowledge the technical support of the laboratory staff of the Department of 
Environmental Science, The University of Lahore. 
 
Conflict of interest 
The authors declare no conflict of interest. 
 
Source of funding 
None declared. 
 
Contribution of authors 
Conceived the idea: ZA, QZ, KS. Sampling from the field: KS. Writing of first draft: KS, QZ. Statistical 
analysis of data and drawing of figures: ZA, QZ, KS. Revision of the manuscript: ZA, KS, QZ. 
 
Supplementary material 
No supplementary material is included with this manuscript. 
 
Ethical approval 
This study does not involve human/animal subjects, and thus no ethical approval is needed. 
 



Ali et al 236 

Handling of bio-hazardous materials 
The authors certify that all experimental materials were handled with care during collection and 
experimental procedures. After completion of the experiment, all materials were properly discarded to 
minimize/eliminate any types of bio-contamination(s). 
 
Availability of primary data and materials 
As per editorial policy, experimental materials, primary data, or software codes are not submitted to the 
publisher. These are available with the corresponding author and/or with other author(s) as declared by 
the corresponding author of this manuscript. 
 
Authors’ consent  
All authors have critically read this manuscript and agreed to publish in IJAaEB. 
 
Disclaimer/editors’/publisher’s declaration 
All claims/results/prototypes included in this manuscript are exclusively those of the authors and do not 
inevitably express those of their affiliated organizations/enterprises, or those of the publisher/journal 
management, and the editors/reviewers. Any product mentioned in this manuscript, or claim rendered 
by its manufacturer, is not certified by the publisher/Journal management. The journal management 
disowns responsibility for any injury to organisms including humans, animals and plants or property 
resulting from any ideas/opinions, protocols/methods, guidelines or products included in the 
publication. The IJAaEB publisher/Management stays impartial/neutral pertaining to institutional 
affiliations and jurisdictional claims in maps included in the manuscript. 
 
Declaration of generative AI and AI-assisted technologies in the writing process 
 
It is declared that the authors did not use any AI tools or AI-assisted services in the preparation, analysis, 
or creation of this manuscript submitted for publication in the International Journal of Applied and 
Experimental Biology (IJAaEB). 
 

References 

Annesi-Maesano, I., Moreau, D., Caillaud, D., Lavaud, F., Le Moullec, Y. et al. (2007). Residential proximity fine 
particles related to allergic sensitisation and asthma in primary school children. Respiratory 
Medicine 101(8):1721–1729. https://doi.org/10.1016/j.rmed.2007.02.022.  

Ashraf, M., Ozturk, M., Ahmad, M. S. A. (Eds.). (2010). Plant adaptation and phytoremediation (pp. 1-481). New 
York: Springer. https://doi.org/10.1007/978-90-481-9370-7 

Aziz, A., Bajwa, I.U. (2007). Erroneous mass transit system and its tended relationship with motor vehicular air 
pollution (An integrated approach for reduction of urban air pollution in Lahore). Environmental Monitoring 
and Assessment 137(1-3):25–33. https://doi.org/10.1007/s10661-007-9717. 

Bhasin, T., Lamture, Y., Kumar, M., Dhamecha, R. (2023). Unveiling the health ramifications of lead poisoning: a 
narrative review. Cureus 15(10):e46727. https://doi.org/10.7759/cureus.46727. 

British Herbal Medicine Association (1998). British Herbal Pharmacopoeia. https://www.pharmacopoeia.com/  
Collin, S., Baskar, A., Geevarghese, D.M., Ali, M.N.S.V., Bahubali, P. et al. (2022). Bioaccumulation of lead (Pb) and 

its effects in plants: A review. Journal of Hazardous Materials Letters 3:100064. 
https://doi.org/10.1016/j.hazl.2022.100064. 

D'Amato, G., Liccardi, G., D'Amato, M. (2000). Environmental risk factors (outdoor air pollution and climatic 
changes) and increased trend of respiratory allergy. Journal of Investigational Allergology & Clinical 
Immunology 10(3):123–128. 

D'Amato, G., Liccardi, G., D'Amato, M., Cazzola, M. (2002). Outdoor air pollution, climatic changes and allergic 
bronchial asthma. The European Respiratory Journal 20(3):763–776. https://doi.org/10.1183/09031936-
.02.00401402 

D'Amato, G., Liccardi, G., D'Amato, M., Holgate, S. (2005). Environmental risk factors and allergic bronchial 
asthma. Clinical and experimental allergy: Journal of the British Society for Allergy and Clinical 
Immunology 35(9):1113–1124. https://doi.org/10.1111/j.1365-2222.2005.02328.   

Das, S., Sultana, K.W., Ndhlala, A.R., Mondal, M., Chandra, I. (2023). Heavy metal pollution in the environment and 
its impact on health: exploring green technology for remediation. Environmental Health Insights 17: 
https://doi.org/10.1177/11786302231201259.  

Deng, S., Luo, S., Lin, Q., Shen, L., Gao, L. et al. (2024). Analysis of heavy metal and arsenic sources in mangrove 
surface sediments at Wulishan Port on Leizhou Peninsula, China, using the APCS-MLR model. Ecotoxicology 
and Environmental Safety 283:116788. https://doi.org/10.1016/j.ecoenv.2024.116788. 

https://doi.org/10.1016/j.rmed.2007.02.022
https://doi.org/10.1007/978-90-481-9370-7
https://doi.org/10.1007/s10661-007-9717
https://doi.org/10.7759/cureus.46727
https://www.pharmacopoeia.com/
https://doi.org/10.1016/j.hazl.2022.100064
https://doi.org/10.1183/09031936.02.00401402
https://doi.org/10.1183/09031936.02.00401402
https://doi.org/10.1111/j.1365-2222.2005.02328
https://doi.org/10.1177/11786302231201259
https://doi.org/10.1016/j.ecoenv.2024.116788


INTERNATIONAL JOURNAL OF APPLIED AND EXPERIMENTAL BIOLOGY (2025): VOL. 4, NO. 2, 227-237 
 

237 

Dockery, D.W., Stone, P.H. (2007). Cardiovascular risks from fine particulate air pollution. The New England Journal 
of Medicine 356(5):511–513. https://doi.org/10.1056/NEJMe068274.  

D’Ovidio, M.C., Di Renzi, S., Capone, P., Pelliccioni, A. (2023). Pollen and fungal spores evaluation in relation to 
occupants and microclimate in indoor workplaces. Sustainability. 13:3154. https://doi.org/10.3390/su1306-
3154. 

Genchi, G., Sinicropi, M.S., Lauria, G., Carocci, A., Catalano, A. (2020). The effects of cadmium toxicity. International 
Journal of Environmental Research and Public Health 17(11):3782. https://doi.org/10.3390/ijerph17113782 

Hussain, M., Ahmad, M.S.A., Kausar, A. (2006). Effect of lead and chromium on growth, photosynthetic pigments 
and yield components in mash bean [Vigna mungo (L.) Hepper]. Pak. J. Bot., 38(5): 1389-1396. 

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., Bezirtzoglou, E. (2020). Environmental and health impacts of air 
pollution: A review. Frontiers in Public Health 8:14. https://doi.org/10.3389/fpubh.2020.00014 

Mitra, S., Chakraborty, A.J., Tareq, A.M., Emran, T.B., Nainu, F. (2023). Impact of heavy metals on the environment 
and human health: Novel therapeutic insights to counter the toxicity. Journal of King Saud University – Science 
34(3):101865. https://doi.org/10.1016/j.jksus.2022.101865. 

Naz, N., Fatima, S., Hameed, M., Ahmad, M.S.A., Shah, S.M.R., Ahmad, F., ... Ashraf, M. (2023). Phytoremediation 
potential modulated by structural and functional traits in a saline desert halophyte Fagonia indica Burm. f. 
Environmental Science and Pollution Research, 30(33), 80693-80712. https://doi.org/10.1007/s11356-023-
28162-z 

Prasad, S., Yadav, K.K., Kumar, S., Gupta, N., Cabral-Pinto, M.M.S. et al. (2021). Chromium contamination and effect 
on environmental health and its remediation: A sustainable approaches. Journal of Environmental 
Management 285:112174. https://doi.org/10.1016/j.jenvman.2021.112174. 

Qasim, K. (2015). Bagh-e-Jinnah/ Lawrence Garden, Lahore history. Retrieved from http://lahore.city-
history.com/bagh-e-jinnah-lawrence-gardens.html. 

Ossola, R., Farmer, D. (2024). The chemical landscape of leaf surfaces and its interaction with the 
atmosphere. Chemical Reviews 124(9):5764–5794. https://doi.org/10.1021/acs.chemrev.3c00763 

Rehman, K., Fatima, F., Waheed, I., Akash, M.S.H. (2018). Prevalence of exposure of heavy metals and their impact 
on health consequences. Journal of Cellular Biochemistry 119(1):157–184. https://doi.org/10.1002/jcb.26234 

Ritz, B., Hoffmann, B., Peters, A. (2019). The effects of fine dust, ozone, and nitrogen dioxide on health. Deutsches 
Arzteblatt International 51-52:881–886. https://doi.org/10.3238/arztebl.2019.0881 

Santos, J.M.B.D., Foster, R., Jonckheere, A.C., Rossi, M., Luna Junior, L.A. et al. (2019). Outdoor endurance training 
with air pollutant exposure versus sedentary lifestyle: A comparison of airway immune 
responses. International Journal of Environmental Research and Public Health 16(22):4418. 
http://dx.doi.org/10.3390/ijerph16224418 

Sarmiento-Cano, C., Suárez-Durán, M., Calderón-Ardila, R., Vásquez-Ramírez, A., Jaimes-Motta, A. et al. (2022). The 
ARTI framework: cosmic rays atmospheric background simulations. The European Physical Journal C 82:1019. 
https://doi.org/10.1140/epjc/s10052-022-10883-z 

Seager, S., Schrenk, M., Bains, W. (2012). An astrophysical view of Earth-based metabolic biosignature 
gases. Astrobiology 12(1):61–82. https://doi.org/10.1089/ast.2010.0489 

Sytar, O., Ghosh, S., Malinska, H., Zivcak, M., Brestic, M. (2020). Physiological and molecular mechanisms of metal 
accumulation in hyperaccumulator plants. Physiologia Plantarum 173:10.1111/ppl.13285. 

Tran, H.M., Tsai, F-J., Lee, Y-L., Chang, J-H., Chang, L-T. et al. (2023). The impact of air pollution on respiratory 
diseases in an era of climate change: A review of the current evidence. Science of The Total Environment 
898:166340. https://doi.org/10.1016/j.scitotenv.2023.166340.  

WHO (World Health Organization) (1996). Types of pollutants https://www.who.int/teams/environment-climate-
change-and-health/air-quality-and-health/ambient-air-pollution/pollutants/types-of-pollutants. 

Wu, Q., Huang, Y., Irga, P., Kumar, P., Li, W. et al. (2024). Synergistic control of urban heat island and urban 
pollution island effects using green infrastructure. Journal of Environmental Management 370:122985. 
https://doi.org/10.1016/j.jenvman.2024.122985. 

https://doi.org/10.1056/NEJMe068274
https://doi.org/10.3390/su13063154
https://doi.org/10.3390/su13063154
https://doi.org/10.3390/ijerph17113782
https://doi.org/10.3389/fpubh.2020.00014
https://doi.org/10.1016/j.jksus.2022.101865
https://doi.org/10.1007/s11356-023-28162-z
https://doi.org/10.1007/s11356-023-28162-z
https://doi.org/10.1016/j.jenvman.2021.112174
http://lahore.city-history.com/bagh-e-jinnah-lawrence-gardens.html
http://lahore.city-history.com/bagh-e-jinnah-lawrence-gardens.html
https://doi.org/10.1021/acs.chemrev.3c00763
https://doi.org/10.1002/jcb.26234
https://doi.org/10.3238/arztebl.2019.0881
http://dx.doi.org/10.3390/ijerph16224418
https://doi.org/10.1089/ast.2010.0489
https://doi.org/10.1016/j.scitotenv.2023.166340
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/ambient-air-pollution/pollutants/types-of-pollutants
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/ambient-air-pollution/pollutants/types-of-pollutants
https://doi.org/10.1016/j.jenvman.2024.122985

