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Abstract: Heavy metals are notoriously toxic pollutants which can potentially harm living be-
ings and are serious health hazards. The aim of the present study was to assess the levels of
cadmium (Cd) and nickel (Ni) throughout the year in the urban areas of the densely populated
industrial city of Faisalabad in eight commonly raised ornamental tree species with phytoremedia-
tion potential. High levels of Cd and Ni were recorded in all study areas, with spatio-temporal
heterogeneity. Heavy metal uptake varied among plant species with Cd and Ni in soil rang-
ing between 6.78-8.57 mgkg~! and 46.31-55.85 mg kg~ ! respectively. Plant species accumulated
6.73-8.98 mg kg ! Cd and 26.42-52.50 mg kg~ Ni with Conocarpus erectus, Dalbergia sissoo and Bis-
marckia nobilis showing higher accumulation potential than others. Dalbergia sissoo accumulated the
highest levels of Ni and was shown to a good bio-indicator for this metal. The highest accumulation
of Cd was recorded in Conocarpus erectus (9 mg kg 1), followed by Dalbergia sissoo (8.2 mg kg ') and
Bismarckia nobilis (8.1 mg kg 1) while the leaves of Azadirachta indica retained the lowest (6.3 mg kg™!)
Cd levels. The highest levels of metals were accumulated by all species during the summer season
while the second highest were observed in the autumn season. The study revealed that ornamental
species can help in minimizing heavy metal pollution as well as providing green space in urban
settings for maintaining a clean and healthy environment.

Keywords: automobiles; cadmium; Conocarpus; environmental pollution; heavy metals; nickel

1. Introduction

High concentrations of metalloids and trace metals can pollute soils owing to indus-
trial emissions, metal waste disposal, pesticides, coal combustion residues, mine tailings,
leaded gasoline, paints, synthetic fertilizers, manures, wastewater irrigation, petrochemical
spillage, atmospheric deposition, and sewage sludge [1-3]. Any metallic compound with
a relatively high density that is toxic even at low concentrations is referred to as a trace
metal [4]. Trace metals include aluminum (Al), arsenic (As), beryllium (Be), cadmium (Cd),
chromium (Cr), copper (Cu), iron (Fe), lead (Pb), mercury (Hg), nickel (Ni), thallium (T1),
zinc (Zn), etc. [5]. It is commonly observed that the presence of trace metals often reduces
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the biodegradation of organic pollutants in the soil [6-8]. Utilization of poor-quality water,
land degradation, and overexploitation of cultivated lands for farming have resulted in
food insecurity at the global level [9-11]. The soils obtain trace metal pollutants from
various sources, such as metal waste disposal, industrial effluents and air pollutants [12].
One of the main sources of air pollutants is traffic load in urbanized settings, which not
only harms ecosystems and human health through the direct ingestion of contaminated
food, but also via physical contact with polluted soil, as well as through the food chain
(via soil-plant-human or soil-plant-animal-human interaction) [13]. In view of the health
risks associated with urbanization, emphasis should be placed on sustainable methods
for mitigating trace metal pollution. The use of ornamental plants for phytoremediation
and for the beautification of urban areas seems a plausible choice [14]. Pollutants that are
released into the atmosphere as suspended particles not only make the air quality poor, but,
if settled on roadside soil, could harm other living beings, and pose a significant risk to
humans via dermal contact, inhalation, or through direct ingestion [13].

Cadmium (Cd) is one of the most toxic metals, has a lethal impact on all biota [15],
and is a nuisance to urban residential areas. Industrialization at a rapid pace and the
frequent use of automobiles are the main sources of Cd pollution in urban areas. This
metal is often released from automobiles through the wear and tear of tires and brakes and
the corrosion of automobile parts [16]. Increasing traffic load underpins the worsening
situation of the pollution in megacities worldwide. Cadmium appears to be more toxic to
biological diversity than Pb [17]. The high mobility of Cd in soil makes it readily absorbable
for plants, with subsequent inhibition of chlorophyll content and its synthesis, reduction
in plant growth, and disruption to enzyme function as well as other effects on metabolic
processes [18,19]. It enters the food chain via plants and affects animal health, including
that of human beings. Cadmium is also known to disrupt cell cycle and DNA damage
leading to necrosis and cell death [15]. It has no role in plant or human physiology and
ingestion, even at low levels, can be lethal for metabolic functions [20]. Cadmium exposure
may result in renal and pulmonary disorders and can replace minerals such as calcium (Ca)
due to its equal charge, ionic radius, and chemical activity [21].

Nickel (Ni) is also a poisonous trace metal with concentrations ranging between 10 to
40 parts per million (ppm) in most soils, but exceeding 1000 ppm in serpentine soils or soils
enriched with Ni-bearing ores [22]. It is an essential micronutrient for enzymatic activities
and nitrogen metabolism in plants and is particularly associated with urease activity [23].
In excess concentrations, it acts as a toxic metal that reduces growth, photosynthesis and
transpiration and causes oxidative damage, chlorosis, necrosis, etc. [9]. In humans, nickel
acts as carcinogenic compound in the nasal cavity, lungs, and larynx and leads to cardio-
vascular and renal disorders as well as various types of allergies [24]. Excess Ni disrupts
water relations, ion homeostasis and mineral uptake, as well as photosynthesis and other
metabolic activities, resulting in oxidative stress and membrane damage in plants [25].
Contamination of Ni has increased in recent years, primarily due to its release into the
environment by human activities such as metal mining, fossil fuel combustion, and urban
and industrial waste [26,27].

The toxic effects of Cd and Ni may be avoided by eliminating/minimizing their con-
centrations to safer limits. None of the techniques (physical, chemical, mechanical) can be
practiced in residential areas except for phytoremediation, as it is cost effective [28]. Phy-
toremediation using ornamental plants may be utilized as a non-destructive tool compared
with other techniques [29]. For instance, Pelargonium hortorum and Mesembryanthemum crini-
florum are not only metal hyperaccumulators but can also be grown as ornamental species
in some areas [30]. Plants of industrial use as well as ornamental purpose are eco-amiable
and can be grown easily in all types of areas [30,31]. Many ornamental plants are used in
perfume industries and some of the known species are reported to have phytoremediation
ability which could be efficiently utilized for improving urban environments [32]. Tree
species such as Alstonia scholaris, commonly known as Dita bark tree is a beautiful evergreen
plant with a tall stem, dark green shiny leaves, and scented flowers that exude a milky
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extract on cutting. Although this plant is found abundantly in Australia, Africa, India and
Indonesia, it is successfully cultivated in Pakistan purely for ornamental purposes. This
tree is very efficient at absorbing pollutant metals from an open environment.

Azadarichta indica, belonging to the family Meliaceae, is typically grown in tropical and
semi-tropical regions, can tolerate high to extreme temperature, and can be a good indicator
for heavy metals. Similar to other tree species, such as Bougainvillea spectabilis, Conocarpus
erectus, Dalbergia sissoo, Ficus benjamina and Washingtonia filifera etc., they are grown for
their beautiful inflorescence; however, little information is available on Cd and Ni removal
ability. Therefore, the present study sought to assess the phytoremediation potential of Cd
and Ni (during 2017-2019) using eight ornamental trees in four zones of the megacity of
Faisalabad. Soil and plant samples were collected from the field and their analysis was
undertaken at the University of Agriculture, Faisalabad (Pakistan). The purpose of this
study was to check Cd and Ni accumulation in shoots for all four seasons, with a view to
creating green space in urban areas while also decontaminating metal ions and minimizing
pollution in the city. The following hypotheses were tested: (1) Cd and Ni accumulation in
shoots and soils would be site, season and species specific and (2) shoot bioremediation of
Cd and Ni would increase in summer with increases in soil metal bioavailability.

2. Materials and Methods
2.1. Study Area and Climate

Faisalabad ranks as the second-most industrial city in the central region of Punjab
province, Pakistan. It is situated 186 m (610 ft) above sea level with a highly dense
population of 3.2 million. The city experiences a wide range of average temperatures with
winter extending from the middle of November to February (January being coldest with
~8 °C), spring with warmer months during March and April, long summers from May
till September (June being hottest with ~44 °C) and a brief period of autumn with mild
temperatures (during October) of about 35 °C. The relative humidity is highest in February
(50%) while the lowest is in May (20%). Maximum day light hours are recorded in June
(~14 h) while minimum light hours are recorded during December and January (~10 to
10.5 h) (Table 1).

Table 1. Seasonal variations in average high temperatures (AHT °C), average low temperatures
(ALT °C), average humidity (AH %) and average light hours (ALH h/min) in Faisalabad city and
its vicinity.

Months January February March  April May June July August September October = November December
AHT (°C) 21 23.8 29.5 36.4 417 44.3 425 40.2 38.7 35.4 28.6 23.3

ALT (°C) 8.3 10.4 14.9 22.1 28.5 32.3 33 30.8 26.9 22.5 16.5 11.2

AH (%) 47 50 46 29 20 22 35 43 39 30 29 32

ALH (h/min) 10/22 11/5 11/59 12/57 13/46 14/10 13/58 13/16 12/22 11/25 10/35 10/9

A field survey was conducted in the urban residential areas in the surrounding of the
metropolitan to select the commonly raised ornamental plant species. The city was divided
into four zones based on geography and industrial sites. In these zones four busy roads
with heavy traffic loads were randomly selected. Eight abundantly growing plant species
in these areas, Alstonia scholaris, Azadirachta indica, Bismarckia nobilis, Bougainvillea spectabilis,
Conocarpus erectus, Dalbergia sissoo, Ficus benjamina and Washingtonia filifera, were selected
for phytoremediation studies.

2.2. Sample Collection

Fresh biomass (gm) of plant leaves was gathered randomly from three individual
plants of each species. Soil samples (0-10 cm) were also collected along with leaves,
avoiding those distributed within a road edge area. Leaf samples gathered from the
Botanical Garden University of Agriculture, Faisalabad which is located far from heavy
traffic load was considered as control. Each year a sampling of leaves and soil was carried
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out in all of the four seasons i.e., spring (March/April), summer (May/June), autumn
(October) and winter (December/January).

2.3. Sample Analysis

The collected leaf samples were shade dried and digested following USEPA (1996)
method n0.3050B, using HCl: HNOj (1:3) and H,O,. Filtrate was used for Cd and Ni
analysis through a Polarized Zeeman AAS 2800 atomic absorption spectrophotometer
(Hitachi, Tokyo, Japan). Quality assurance for precision and accuracy was determined by
recovery of the analysis of the matrix spike and reagent blank control on a batch of each of
the analyzed samples. Percentage recovery of metal analysis was calculated by using the
following formula:

Measured Value(75)
Certified Value('g)

Air CH; flame, burner head and 160 KPa oxidant gas pressure were each of the
standard type. Other conditions are depicted in Table 1. The percentage recoveries for
metal-spiked samples were within the acceptable limits of (80-120%) for metal analysis.

Limit of detection (LOD) as the lowest concentration of analyte was measured with
the help of the following formula:

x 100

S|
oQ|0q

Recovery (%) =

>

LOD =3 X sy

where, sp; is the standard deviation of method blank. The limits of detection for Cd and Ni
were 0.097 and 0.137 mg kg~ ! respectively.

Bio-accumulation factor (BAF) was estimated by dividing the heavy metal concentra-
tion in plant parts to those found in soil samples from respective locations.

M Plant

Bio-accumulation factor (BAF) = M Soil

In the above given equation, M plants and M soil denote heavy metal concentrations
in plants and soil grown in contaminated environments, respectively. The bio-accumulation
factor of the above (1) indicates a higher uptake of heavy metal in plants compared
with soil and vice versa (<1) for higher heavy metal concentration in soil than in plants.
Tables 2 and 3 show the BAF values for Ni and Cd, respectively.

Table 2. Estimated heavy metal (BAF) for Cd in the various plant samples.

Towns Bio-Accumulation Factor in Plants
D. sissoo C. erectus B. nobilis B. spectabilis E. benjamina A. scholaris A.indica W. filifera
Jinnah town 0.95 1.13 0.95 0.79 0.99 0.87 0.89 1.10
Igbal town 1.29 1.34 1.24 0.81 1.18 1.09 0.94 1.15
Lyallpur town 0.99 1.02 0.94 0.92 0.96 0.87 0.71 091
Madina town 1.17 1.35 1.24 1.18 1.02 1.04 0.84 1.03
Table 3. Estimated heavy metal bio-accumulation factor (BAF) for Ni in the various plant samples.
Towns Plants
D. sissoo C. erectus B. nobilis B. spectabilis E. benjamina A. scholaris A.indica W. filifera
Jinnah town 0.76 0.61 0.49 091 0.55 0.72 0.67 0.52
Igbal town 0.90 0.79 0.63 0.64 0.61 0.62 0.52 0.44
Lyallpur town 0.70 0.69 0.69 0.55 0.76 0.51 0.51 0.50
Madina town 0.93 0.73 0.79 0.57 0.74 0.66 0.58 0.47
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2.4. Traffic Density (TD)

Traffic density was calculated in all zones of the city for specific time intervals on
specific days. The following ranking was observed in the four zones: Igbal town < Madina
town = Lyallpur town < Jinnah town.

2.5. Statistical Anaylsis

The data were analyzed using canonical correspondence analysis (CCA) to determine
the association of plant species, sites, seasons, and metals through CANOCO computer
package for window (V.4.5). Statistical analysis was performed using COSTAT software
(Statistics 3.0) and LSD test was applied (at p < 0.05 significance level) for comparison of
metal accumulation in plant species.

3. Results and Discussion

High concentrations of soil Cd were calculated at all study areas of the city compared
with control (Figure 1), which indicated a spatio-temporal disparity. Jinnah town was
the most polluted site for Cd followed by Lyallpur town, Madina town and Igbal town
respectively. The levels of Cd differed significantly (p < 0.05) from each other except for
Madina town and Igbal town. The Cd levels ranged between 6.78-8.57 mg/kg in different
areas of the city. Although the permissible limits of soil Cd may vary in different coun-
tries [33], recommended values for soil Cd by WHO/FAO, 2007 should be <3 mg kg_1 [34].
The concentration of Cd in urban areas depends upon the number of industries and traffic
load. In the present investigation, the areas with higher traffic density indicate higher
concentrations of Cd, which in turn indicates intense automobile pollution. The age of
the road also plays a significant role in retaining heavy metals and old roads generally
have higher metal levels than the newer ones [35]. In present investigations Cd levels
have been consistently higher in Jinnah town (the oldest area) with the highest average
by human population. The canonical correspondence analysis biplot for Cd accumu-
lation in the leaves of plant species in different areas of Faisalabad city indicates that
C. erectus, D. sissoo and B. nobilis developed a strong association with Lyallpur town during
the summer while C.erectus, A. scholaris and B. indica were strongly associated with Jinnah
town during autumn, and A. scholaris, B. nobilis and F. benjamina had a close association
with Madina town. It was observed that most of the ornamental plant species formed a
strong association with Lyallpur town in almost all the seasons. However, associations of
plant species with various towns were generally strong during the summer season. Our
results suggest apparent seasonal changes, with summers showing a higher amount of Cd
released into the environment. The levels of Cd in the soil were in the following order:
summer > autumn > spring > winter. Seasonal variations may be attributed to the higher
temperatures in summers as mentioned in previous investigations [36,37]. It is generally
believed that soil metal concentration is directly related to its bioavailability, which may
increase with the rain runoff [38]. The biosorption of metals could increase in plants, which
may be attributed to the monsoon rains during summers compared with winters [39].

The metals accumulated by plant leaves in various zones of the city were not propor-
tional to soil metal levels (Tables 4 and 5). Ornamental plant species exhibited differential
Cd accumulation in their leaves (Table 4). The highest accumulation was recorded in
C. erectus (9), followed by D. sissoo (8.2) and B. nobilis (8.1) while the leaves of A. indica
retained the lowest (6.3 mg kg~ !) Cd levels (Table 4). The average range of leaf Cd in
all studied species was not only higher than the normal plants (0.03-0.70 mg kg~ !) [40]
but also crossed the suggested permissible limits (5 mg/kg) [41]. Some of the tree species
are known as ‘hyperaccumulators’ of Cd with higher values than the proposed limit of
100 mg kg~ [41], e.g., Thlaspi caerulescens (380 mg kg 1) [16] and Impatiens glanduliflora
(276-1560 mg kg 1) [42]. Although none of the tree species in the current study were found
to be hyperaccumulators, leaf Cd levels were consistently higher (Table 4) than the values
recommended by the WHO [34,38]. Plant species with Cd accumulation that varied in
different seasons was in the following order: summer > autumn > spring > winter. Based
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on their metal absorption, plants may be divided into three general categories: (1) metal
excluders (with low bio-accumulation factor), (2) accumulators (higher concentrations in
shoots than soil), or (3) bio-indicators (plants which can accumulate trace metals in aerial
parts i.e., leaf or stem, proportional to the soil) [43]. In this study, most of the plants had
BAF values >1 suggesting Cd bio-indication with the highest average values (Table 2) was
found in in C. erectus. However, this was not the case for Ni (Table 3).

[—1 Madina Town
BEZZZ Lyallpur Town
10 - Igbal Town
B Jinnah Town

g .

E .l

8

g 4
2 1
75

60 -

30 A

Soil Ni (mg kg'")
i
[9)]

15 -

Summer Autumn Winter Spring

Seasons

Figure 1. Concentration of Cd and Ni (mg kg~! dry wt.) on the roadside soils of various towns in
Faisalabad city.

Nickel concentrations in soils as per WHO/FAO, 2007 are up to 50 mg kg~ ! [34]. In
this study, Ni was highly variable in different zones of the city ranging between 46.31
to 55.85 mg/kg (Figure 1). The highest Ni accumulations were recorded in the Madina
town and Jinnah town soils (Figure 1). In most of the city areas, the circumstances seemed
almost similar to each other, except for traffic load and road conditions. The canonical
correspondence analysis biplot for nickel association in ornamental plant species revealed
that F. benjamina, B. spectabilis, B. nobilis, and W. filifera had strong links with Jinnah town
during the summer season, while C. erectus showed a strong association with Igbal town
during the same season. During the autumn season, F. benjamina, D. sissoo and W. filifera
displayed a strong association with Igbal town, whereas C. erectus, A. indica, B. spectabilis
and A. scholaris displayed a strong association with Madina town. In the winter season,
A. scholaris and B. spectabilis obtained strong links with Madina town, while D. sissoo and
A. indica developed strong associations with Igbal town [37]. Studies suggest that high
amounts of Ni are usually observed in those megacities which have a higher traffic density,
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for example up to 270 mg/kg in Bogra, Bangladesh [44] and 108 mg/kg in India [45]. On the
contrary, negligible amounts of nickel content were observed on the roads despite higher
traffic density in Riyadh, Saudi Arabia, possibly due to good road conditions and consistent
traffic flow [46]. In the present investigation soil Ni levels reached up to 55.68 mg/kg
which is in accordance with the poor road conditions in both Jinnah town and Madina
town. Literature suggests that Ni concentration in most of the cases is positively correlated
with transport activity and road conditions [47,48]. Frequent use of automobile brakes
due to poor road conditions [49], high fuel consumption [50], brake wear and tear [51],
increased tire friction [52], corrosion of shafts and valves [53], sandpaper and asphalt-like
components on the road dust, etc., could also result in higher Ni accumulation in soils.
The area with the highest Ni concentration in the current study had a comparatively lower
traffic load than other areas, which could be attributed to the poor road conditions as one
of the main conditions. In summary, the CCA for Cd and Ni accumulations indicates the
highest levels of metal accumulation by all species during summer season, followed by
autumn and a weaker association during the winter and spring seasons (represented as an
ordination diagram in which scores of influencing factors are indicated as arrows for soil
and plant properties).

Table 4. Extractable concentration of Cd (mg/kg) in the leaves of studied plant species in the various
towns of Faisalabad. Mean Cd values with different letters are significantly different at p < 0.05 (LSD).

Plants Jinnah Town Igbal Town Lyallpur Town Madina Town Cd in Plant Species

C. erectus 9.51 £0.12 8.74 £0.1 8.53 £ 0.04 9.2 £0.08 8.99a £+ 0.12
D. sissoo 8.0£0.12 8.42 4+ 0.11 8.29 +0.12 7.96 +0.11 8.17 ab £ 0.33
B. nobilis 8§+ 0.11 8.08 +0.21 79 £0.11 843 £0.14 8.1ab £ 0.34
W. filifera 9.2 £0.45 7.49 +0.02 7.62 £0.12 6.99 £0.27 7.82 ab +0.11
F. benjamina 8.35+0.23 7.67 £0.41 8.05+0.11 6.92 +0.12 7.75ab £ 041
A. scholaris 7.33 £0.11 7.12 £0.23 7.33 £0.12 7.08 £0.13 7.21bc £0.12
B. spectabilis 6.67 £0.01 53 £0.12 7.76 £0.45 8.05 £ 0.37 6.94 be+ 0.33
A. indica 7.52 £0.01 6.11 +0.14 6+ 0.12 571+ 0.12 6.33c+£0.14
Cd in towns 8.07+ 0.12 7.36 £ 0.11 7.68 £0.33 7.54 £0.12

Table 5. Extractable concentration of Ni (mg/kg) in the leaves of studied plant species in various
towns of Faisalabad. Mean Ni values with different letters are significantly different at p < 0.05 (LSD).

Plants Jinnah Town Igbal Town Lyallpur Town Madina Town Ni in Plant Species

D. sissoo 39.25+1.23 43.50 + 1.02 34.08 +1.25 52.50 +2.10 4233 a£0.12
C. erectus 31.58 +1.01 38.33 £ 1.01 33.42 +1.21 40.83 +£1.21 36.04b £ 0.12
B. nobilis 25.66 £ 1.02 30.66 £ 0.12 36.50 £2.11 4421 +£1.23 34.27b +0.14
B. spectabilis 47.01 +£1.01 31.08 £ 1.02 26.76 + 1.01 32.01 + 1.50 34.21b +£0.12
FE. benjamina 28.66 +2.10 29.66 +2.10 37.01 +1.02 41.66 + 3.56 3425b +0.11
A. scholaris 37.25+£1.20 30.33 £1.02 24.66 £ 2.31 37.25 +£4.10 32.37 bc £0.12
A. indica 34.75 +1.41 2525 +2.12 24.83 +2.10 3242 +2.31 29.19 ¢ £ 0.12
W. filifera 27.25+1.01 21.25+0.59 24.25+215 2642 +1.21 2529c¢+0.11
Ni in towns 33.92 £0.12 31.26 £0.74 30.19 £ 241 3841 £0.12

Amongst the eight test plant species, the highest Cd accumulation was recorded in
C. erectus, followed by D. sissoo and B. nobilis (8.1) while the leaves of A. indica retained the
lowest (6.3 mg kg 1) Cd levels. As for Ni, Dalbergia sissoo appeared to be the highest Ni
accumulator, followed by B. spectabalis, C. erectus, and F. benjamina i. Some other studies have
also reported D. sissoo and C. erectus as good bio-indicators for various other metals [54,55].
However, Bismarckia nobilis, a plant species with beautiful inflorescence has been tested
for its Ni and Cd biosorption potential for the first time, and appeared to be a good bio-
indicator tree species. Although the use of wild plant species for phytoremediation, such as
Calotropis procera, Cyprus aevigatus etc., has been the main focus of the past studies [56,57],
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such species cannot be potentially raised in the city areas for both beautification and
phytoremediation purposes.

Though physiochemical factors such as soil pH, bioavailability, redox potential, dis-
solved oxygen, cation exchange capacity, temperature, etc., play an important role in metal
availability [58], the accumulation of metals in the plant species is mostly influenced by
the genetic make-up of the species, the growth rate and maturity stage of the plant [59]
and the different cultivars [60]. Among these factors, temperature has a great impact on
the absorption and accumulations of metals in plants and generally warm conditions favor
higher accumulation than cold [39]. Therefore, plants with a high temperature tolerance are
deemed feasible for phytoremediation in generally hot climates. In this study, the higher
temperature during summer season (exceeding up to 44 °C) with low relative humidity
(20-22%) appeared to favor increased metal accumulation in most of the tree species com-
pared with low winter temperatures (i.e., 8-10 °C). These results are in accordance with
some other findings, which indicates a greater variability in metal accumulation with the
changes in seasons [58,60].

Our findings suggest that the anthropogenic source of the metals is related both with
automobile fluxes as well as traffic density on roads. The deposition and bioavailability
of soil metals (Cd and Ni) in summer could be a result of increasing temperatures and
rain runoff, as plants seemed to be influenced by these factors. However, the mobility of
trace metals within the soil systems and sequestration/compartmentalization in plant parts
needs further testing. The present investigation highlights the importance of cultivating
ornamental tree species as they appear to have great potential in minimizing Cd and Ni
levels, as indicated by the higher accumulation in leaf tissues and their bio-accumulation
factor (BAF). Future studies should be focused on soil moisture content and dust deposition
on foliage for metal mobilization in plants, as well as the possible role of soil microbes
under various moisture regimes. Such eco-physiological studies would further boost green
space development beyond environmental safety by reducing automobile pollution and
beautifying the roads. The use of ornamental species in place of staple food crops with
higher shoot metal accumulation would ultimately save living beings from chronic diseases
while also providing an aesthetically pleasant urban environment. In urban settings,
cultivation of tree species such as C. erectus, D. sissoo and B. nobilis is suggested to reduce
Cd pollution while D. sissoo B. spectabalis, C. erectus, and F. benjamina may be considered
appropriate species in areas heavily polluted with Ni.

4. Conclusions

The urban areas of Faisalabad, Pakistan appeared heavily polluted with cadmium
and nickel throughout the year and showed greater spatio-temporal heterogeneity. The
traffic load and poor road conditions seem to be possible reasons for the spatial variations
in both heavy metals. Differences in temperature ranges of various seasons possibly caused
temporal heterogeneity. The metal accumulation potential of eight ornamental plant species
exhibited prominent variations. Dalbergia sissoo, C. erectus and B. nobilis indicated high level
performances and emerged as the best phyto-remediator /phyto-accumulators for both
metals (Cd and Ni). Plantation of tree species with effective shoot accumulation should be
encouraged for purifying the urban environment as well as creating green space.
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