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Abstract: Heavy metals (HMs) are widely recognized for their toxicity and have serious environ-
mental implications as technology advances and public pressure mounts to guarantee the safest and
healthiest environment. This study evaluates the phytoremediation potential of HMs i.e., Copper
(Cu), Zinc (Zn), Lead (Pb), and Cadmium (Cd) by Calotropis procera (Aiton) W.T. Aiton, also known
as Sodom apple, along an urban—-rural gradient and its effect on communities” diversity, forage and
medicinal quality in semi-arid region of Khyber Pakhtunkhwa Pakistan. The HM concentration
was investigated along with the urban-rural gradients by sampling C. procera and soil samples.
Acid-digested samples were tested for metal concentration using an atomic absorption spectropho-
tometer (AAS). We used principal component analysis and cluster analysis to identify the pattern of
metal distribution in plants and soil. To comprehend the species” diversity of plant communities in
polluted sites, the species’ composition of C. procera communities was explored. Our results showed
that the concentration of HMs in the soil and plant decreased from Zn to Cd (Zn > Cu > Pb > Cd).
Likewise, more than half of the soil metal accumulated in the roots and aerial part of the plant,
indicating the bioaccumulation potential of the plant species for these metals. Zn, Cu, Pb, and Cd
translocation ratio varied from root > stem > leaf > flower. Root to stem transfer of metal was poor,
but strongly mobilized to the leaves when available in the stems. Carthamus lanatus, Sonchus asper,
Cynodon dactylon, Xanthium strumarium, and Silybum marianum were the leading species in three
groups of 36 plant species. Pearson’s correlation revealed a significant relationship between HM
concentrations and diversity indices. Zn and Cu content in the soil influenced plant species richness,
Shannon-Wiener index (H'), and evenness index (Eh). Given the environmental toxicity of HMs, Cd
concentrations in soil exceeded the permissible level, suggesting residents should be warned about
potential health risks. As a result, the species chosen for this study can be employed as a biomonitor
and phytoremediator of soil contaminated by these HMs, as it can accumulate HMs to a toxic level.

Keywords: heavy metals; phytoremediation; Calotropis procera; species diversity

1. Introduction

Heavy metal (HM) pollution has spread across the biosphere, making it a serious
worldwide concern because of its risk to humans and animals [1,2]. Various anthropogenic
activities are mostly related to urban-rural gradients and industrialization, such as mining,
application of fertilizers, smelting and industrial manufacturing processes, which can lead
to the release of the HMs into the environment [3-5]. HMs are a serious matter of concern
as these elements are non-biodegradable and persist in the soil for a much longer time
than in other parts of the environment [6,7]. High concentrations of toxic metals, including
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Zn, Cu, and Cd are mostly due to human activities [8,9]. Metal contamination in the
environment would affect the diversity, microbial properties, and functional diversity of
soils [10,11]. Moreover, increased concentration of metal in the soils can be transferred and
deposited into plants and likewise to human beings, producing numerous serious health
disorders [6,12].

Numerous tools for remediation of contaminated soils have been undertaken, such
as chemical /physical treatment and excavation of contaminated material. However, sig-
nificant efforts have been made lately to identify cost-effective solutions for remediation
of HMs-contaminated soil [13-15]. Recently, these cost-effective approaches, such as phy-
toremediation, have become a subject of public and scientific interest to alleviate HM
pollutants from the soil, water, and air [16-18]. Phytoremediation is the use of plants to
remove contamination from the soil, sediments, and water [19]. Metal hyperaccumulator
plant species have been reported, but they are slow-growing, less abundant, and produce
little biomass [20,21]. Phytoremediation treatments may be more successful if native plant
species can overcome these hurdles. Native plants are frequently efficient in growth, repro-
duction, and survival when faced with challenging circumstances [22,23]. Therefore, the
search for native plants with phytoremediation potential is important and continues [24,25].

A few natural, well-adapted plants have been utilized extensively for HM phytoreme-
diation applications, including lemongrass (vetiver), Siam weed, wild grasses, Crotalaria,
Avena, and Sesbania species [26-28]. C. procera, a traditional medicinal plant that may
accumulate considerable amounts of HMs [29,30], is a dominating species in Khyber
Pakhtunkhwa, and has been evaluated for its phytoremediation potential in this study.
Furthermore, C. procera was chosen as a HMs pollution biomonitor for a variety of reasons:
it may be found on the roadside, in urban and rural regions; it has a wide geographical
range and ecological distribution; and sampling, identification, and cultivation are simple
and inexpensive [29,31].

The World Health Organization (WHO) and the United States Environmental Protec-
tion Agency (USEPA) have recognized strict criteria for maximum acceptable limits for
accumulation of HMs in soil. Toxicant levels in urban soils have been closely monitored and
extensively recorded in developed nations, such as North America and Europe [32,33], Still,
HM pollution and remediation data are critically deficient in underdeveloped countries.
The lack of funds for other treatments makes phytoremediation especially well-suited to
these developing nations, where labour, knowledge, and cost-cutting measures are cru-
cial [31]. This study was carried out to fill the gap by presenting a thorough picture of
HM contamination in the semi-arid region of Khyber Pakhtunkhwa, as well as identifying
prospective candidate species for effective, practical phytoremediation. The present study
aims to investigate the toxic levels of Zn, Pb, Cu, and Cd using C. procera L. as a bioindi-
cator; and to evaluate the extent of metal accumulation potential of C. procera in Khyber
Pakhtunkhwa, Pakistan.

2. Materials and Methods
2.1. Study Area and Sampling Collection

Bulk soil samples and C. procera plants were collected at 15 sites from Peshawar, Hazara,
and Malakand Divisions, which were further classified into road, urban, and rural sites in
Khyber Pakhtunkhwa province, Pakistan during the summer of 2019 (Figure 1). Among
these three habitats, 11 sites were highly polluted at roadsides and urban areas where the
heavy traffic and industries were the main sources of pollution. The roadside areas are
mainly situated along the Grand trunk road from Swat to Peshawar District. Moreover,
urban areas of Peshawar and Hazara Divisions are the industrial areas, which are densely
polluted [34]. However, the rural areas from Malakand Division are characterized by low
traffic intensity and population, which is considered as a control site. In Peshawar (34°02’
and 71°56), elevation is 372 m asl, where the highest temperature was recorded to be
42.7 °Cin June, and the lowest temperature was 15.5 °C in January. The relative humidity
ranges from 37% to 70% throughout the year.
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Figure 1. Map of study area with sampling points in Khyber Pakhtunkhwa, Pakistan. Note:
PES (Peshawar Motorway), MBP (Mardan bypass), TEA (Teera adda), HAM (Hazara Motorway),
MAN (Mansehra), AMG (Amaan Ghara), ROC (Robina clinic), YAH (Yar hussin), KHA (Khyber
Agency), SHA (Shangla), PAG (Pakhtun Ghari), NAK (Nakot), SHI (Shinkyari), GUA (Gulabad),
BAD (Badwan).

Malakand Division (34°11" and 73°15’) and Hazara Division (34°44’ and 72°21’) lie
at an elevation of 877 m and 988 m, above sea level. Hazara Division has the highest
temperature in June, which was recorded to be 33.90 °C, and the lowest was —2.20 °C in
January. The relative humidity ranges from 37.13 to 69.03% throughout the year. While the
Malakand Division has the highest temperature in June recorded to be 39.90 °C, and the
lowest temperature was 11.80 °C in January. The relative humidity ranges from 38.20 to
60.40% throughout the year [35]. Plant samples (including root, stem, leaves, and flowers)
and soil samples were collected to assess the accumulation of HMs in the species. The study
areas were waste sites along the roadside and residential areas of Khyber Pakhtunkhwa.
These areas received a lot of contamination from traffic pollution and other refuse of
human activities.

2.2. Analysis of HMs in Plant and Soil Samples

The concentration of HMs in soil samples was determined by sampling soil from the
root zone of the plant. Each soil sample was taken at a depth of 10 cm and blended to create
a composite sample. To obtain the fine particles, the soil sample was air-dried and poured
through a 2 mm sieve. The soil was then stored in bottles to be analyzed further. Plant
samplers collected were dried and estimated biomass through destructive method using
electrical balance with a precision of 0.0101 g. The plant sample was cleaned to remove dirt
and then dried for a week in a dust-free environment. After that, it was dried in an oven at
75 °C for 24 h. The dried plant samples were ground into a fine powder using a pestle and
mortar and then a grinder.

Acid digestion and metal analysis were carried out following the procedure as outlined
by Awofolu, [36]. In a 100-mL beaker, 0.25 g of dried plant material was added to 5.25 mL
of nitric acid, and then heated on a hot plate until the digest was clear. The digested
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material was filtered after cooling using a Whatman filter paper. After diluting the filtrate
with distilled water to the desired concentration, it was stored in a centrifuge tube. The
acid digested samples were analyzed for HMs (Cu, Zn, Cd, and Pb) by using the atomic
absorption spectrophotometer (AAS) at Kohat University of Science and Technology.
From the composite soil sample, N content was determined by following Kjeldahl
procedure [37], electrical conductivity was calculated using a conductivity meter (Model
CON 5) while the soil texture was determined through Bouyoucos Hydrometer [38]. In
a 1:5 soil to water suspension, pH of the soil was calculated [39]. Other important nu-
trients (potassium, phosphorus, and lime concentration) were determined by following
standard procedure [40] while organic matter was measured through dichromate oxidation
method [41]. Available water was calculated following standard procedure adopted by [42]

2.3. Heavy Metal Accumulation Matrix

Phytoremediation of selected HMs was determined by Bioaccumulation Factors (BAF)
and Translocation Factors (TF). BAF is the ratio of metals in plant parts to that in soil.
BAF < 1.0 specifies plant ability of metal absorption without significant accumulation. The
plant potential to accumulate HMs is revealed from BAF > 1.00 [36,43]. BAF and the TF
were determined using the following formula:

BAF = Cplant/ Csoil @

where Cpjan is the concentration of metal in the plant part, and C; is the concentration of
metal in the soil. Here we determined two types of BAF i.e., from soil to root (S/R) and soil
to whole plant tissues (S/P). Similarly, three types of TF were calculated i.e., root to stem
(R-S), stem to leaf (S-L) and leaf to flower (L-F).

TF (R’S) = Cstem/ Croot (2)
TF (S'L) = Cleaf/ Cstem (3)
TF (L'F) = Cﬂower /Cleaf (4)

where Croot, Cstem, Cleaf OF Chiower 18 the concentration of metal in the root, stem, leaf, and
flower, respectively.

Species diversity (Shannon index, H' and Evenness index, Eh) and soil pollution index
(SPI) were calculated by following Wu et al. [44] as

H' = =) pi (In pi) )
Eh =H'/H max=H'/InRs (6)
SPI = (Cdyii /3 + Cugi1 /100 + Pbgoy /100 + Zngyy /300)/4 ?)

where pi = proportion of species (i) to total number of species, In = natural logarithm,
H’ = Shannon index, Rs = species richness, SPI = soil pollution index. These diversity
indices were calculated using density of the individuals in the sampling site by following
Curtis and McIntosh [45].

2.4. Statistical Analyses

The studied metal concentrations were measured in soil dominated by C. procera and a
statistical analysis was performed using one-way ANOVA with the Bonferroni post hoc test
using a statistical package for social sciences (SPSS version 16.0). To ensure that BAF and
TF were statistically significant, a single ANOVA was used. Using R software, correlation
plots were drawn to investigate the relationship between species diversity indices and HMs
concentration in soil and plants in the research region (Corrplot package). Using PC-Ord
software (version 6) and Conoco software (version 4.5), a multivariate approach, two-way
cluster analysis, and principal component analysis (PCA) were performed to detect a link
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between soil and plant-HM content, BAF, and TFE. To produce a substantial value for the
primary component, an eigenvalue larger than one was used.

3. Results

The phytoaccumulation potential of C. procera with soil physiochemical properties
showed a significant variation among the studied habitats (Tables 1 and 2). The two-way
cluster analysis segregated the studied sites into three distinct habitats (roadside, urban,
and rural) based on the soil pollution index (Figure 2), i.e., the roadside areas had four
stands (PES, MBP, TEA, and HAM) with high cumulative percentage (30.42), and the urban
industrial sites (MAN, AMG, ROC, YAH, KHA, SHA, and PAG) had comparatively low
cumulative value followed by the rural areas (NAK, SHI, GUA, BAD) with the lowest
cumulative variance i.e., 29.71.

The sites showed a significant variation in soil pollution index (SPI) summarized in
Table 1. The ANOVA results showed significant difference (F-value = 6.82; p < 0.001), with
marked differences between roadsides and urban areas and less variation between urban
and rural areas. SPI at roadside and residential areas were comparatively higher than rural
sites and ranged between 1.83 £ 0.2-1.12 £ 0.14 mg kg’1 (Table 1).

Table 1. ANOVA following Bonferroni post-hoc test.

Habitats Stands Sites Codes SPI Mean + SE CV (%)
Road side 1,4,2,3 PES, HAM, MBP, TEA 1.83 + 0272 30.42
Urban 5,6,7,8,10,9,11 MAI;i_;:lY[SGI_’IE,O&gAH' 1.12 4 0.14" 34.96
Rural 12,13,14, 15 NAK, SHI, GUA, BAD 0.86 +0.10P 29.71
F-value - - 6.8426 -
p-value - - 0.0093 -
Note: SPI (soil pollution index); site codes are same as that in Figure 2. Different superscript letters (%) represents
significant variations between groups.
Table 2. Physiochemical properties of soil samples among different groups following Bonferroni
post-hoc test.
Factors Roadside Urban Rural F-Value p-Value
Clay % 32.50 + 3.58 2 32.112 42352 32.89 £3.232 1.59 0.24
Silt % 31.54 +£2454 30.73 £2.032 33.86 £ 2.65" 6.04 0.0153 **
Sand % 35.76 +3.09 @ 37.156 4+ 2.38 ab 3323 +£229P 6.62 0.0115 **
pH (1:5) 6.925 +£0.1102 6.895 +0.101 @ 6.60 +£0.182 0.53 0.60
OM % 0.710 £0.122 1.188 £ 0.19P 0.719 £ 0.149 @b 0.89 0.43
EC (dSm™1) 275.79 +£29.912 256.85 + 13.56 ° 276.68 + 35.84 2P 0.49 0.62
P (mg kg_l) 41240352 472 +0.29 42240262 0.49 0.62
K(mg kg_l) 93.25 +£11.07 2 84.55 £ 6.822 97.72 + 11.89 2 242 0.13
Lime % 896 +£0.772 7.39 +0.73 ab 8.02 +1.022b 2.99 0.09
N % 0.107 £0.034 2 0.142 + 0.03 @b 0.060 £ 0.02 ¢ 1.22 0.33
AW % 0.129 +0.004 2 0.128 £ 0.004 2 0.13 + 0.006 © 7.93 0.006 **
Biomass (g) 98.18 + 16.97 @ 78.21 +14.58 P 71.44 +28.12 b¢ 2.11 0.16
Rs 75+152 6.42 + 0.36 b2 5.75 4+ 0.36 P 2.54 0.12
H’ 2.13 +£0.062 1.82+0.04° 1.38 £0.00° 2.93 0.05
Eh 0.955 +0.012 0.904 + 0.004 2P 0.943 £0.012 0.99 0.39

Note: The data shows the mean and standard deviation from studied areas. Different superscript letters

(within each group) show a significant difference among the group (p < 0.05, LSD test). ** p < 0.01, OM (organic
matter), EC (electrical conductivity), P (phosphorus), K (potassium), N (nitrogen), AW (available water), Rs
(species richness), H’' (Shannon index), Eh (evenness index).
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Soil physiochemical characteristics and diversity indices correlated with the HM
contaminated sites are presented in Table 2. The soil texture shows a sandy texture with
higher percentage of silt and clay. The pH for soil samples was slightly acidic to neutral
ranging from 6.60 £ 0.18 to 6.925 £ 0.110. Organic matter content was quite low (roadside
=0.710 £ 0.12; urban = 1.188 + 0.19; rural = 0.719 £ 0.149) in all sites tested as the plant
prefers to grow in desert type soils having high sand contents. The sample soils of roadside
sites had a higher lime concentration (8.96 & 0.77), followed by rural and urban areas. The
lowest mean value of total bioavailable nitrogen was found in rural areas (0.060 £ 0.02),
while the highest mean value of total nitrogen was identified in urban areas (0.142 4 0.03).
The results demonstrate that the nitrogen content in all habitats is higher, except rural areas,
which has a low nitrogen concentration. Phosphorous content (mg kg~!) of soil in all the
habitats was low. Potassium content was 97.72 & 11.89 (mg kg ') in the soil of rural areas,
which is higher than the soil of all other habitats.

Table 2 shows diversity indices, origin, and sampling sites of C. procera reported from
15 different sites of Khyber Pakhtunkhwa, Pakistan. The plant was found in patches with
lower species diversity and evenness. Carthamus lanatus, Cynodon dactylon, Xanthium stra-
monium, and Silybum marianum were the dominant species of the plant communities in the
investigated areas. The Shannon diversity index was found to be highest for roadsides
(2.13 £ 0.06). The lowest Shannon diversity index was found for rural areas (1.38 £ 0.00).
Species diversity (H'), richness (Rs), and evenness (Eh) indices showed significant dif-
ferences between the three habitats. Diversity within communities decreased with the
increase in metal concentration in the soil, which is directly linked with species richness
and Shannon diversity index. The diversity indices follow the order of roadside > urban
areas > rural areas as presented in Table 2.

The HMs content of soil and C. procera are presented in Table 3, which shows the road-
side areas having the highest concentrations of HMs followed by urban site compared to
rural sites. The Zn and Pb concentrations in soil were within the range of permissible levels.
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However, the average content of Cd in soil ranged from 3.69 & 0.05 to 0.90 % 0.02 which
was two times higher than the permissible value (Table 3). The highest concentration of Zn
in plant (103.70 = 3.19) was observed in roadside areas having significant differences from
urban and rural site (p < 0.001). The average Cu concentration ranged from 23.45 £ 0.60
to 4.23 & 0.66; Zn from 103.70 =+ 3.19 to 26.15 £ 1.85; Pb from 19.45 + 0.68 to 3.29 £ 0.50;
and Cd from 2.275 % 0.15 to 1.46 £ 0.08, respectively. The statistical analysis results in
Table 3 shows that there is road to rural gradients and that the concentration differences
are significant and influence the HMs concentrations, especially for Cu, Zn, and Cd.

Table 3. Analysis of HMs concentrations (mg kg~1) in soil and Calotropis procera plants from roadside,
urban, and rural areas of the study area.

Metals Roadside Urban Rural F-Value p-Value P.L
Cu (Soil) 15.24 + 0.96 2 832+ 042" 3.82+0.37°¢ 32.7092 1.38 x 1075 #*+ 8.39
Zn (Soil) 3218+ 0.722 21.25 +0.56 P 10.26 + 0.97 23.4242 7.18 x 1075 *#+ 419
Pb (Soil) 6.08 +0.342 269 +024b 1.00 £ 0.06 P 21.4055 7.21 x 1075 %+ 8.15
Cd (Soil) 3.69 +0.052 1.79 + 0.08 P 0.90 +0.02P 25.8178 449 x 1075 #** 0.31

Cu (Plant) 23.45+0.602 12.63 +0.55P 4234 0.66° 37.2495 7.12 x 1075 *#+ 10
Zn (Plant) 103.70 £ 3.192 60.08 +£3.17P 26.15+1.85¢ 18.5073 0.0002 ** 60
Pb (Plant) 19.45 + 0.68 2 10.36 + 0.89 b 3.29 +0.50 17.1335 0.0003 ** 5.0
Cd (Plant) 2275+ 0.152 1.103 4+ 0.04 1.46 +0.08 P 7.9457 0.0063 ** 0.1

Note: ** p < 0.01, *** p < 0.001; P.L (permissible level); HMs concentration and P.L are measured in mg kgfl.
Different superscript letters (* ™ ) represent significant variations between groups.

A correlation plot (Figure 3) was used for studying the association between species
diversity indices and HM accumulation in soil and plant. The colour represents the degree
of pairwise correlation with regards to the Pearson correlation coefficient. Diversity indices
exhibited substantial negative associations with HMs in soil and plants, according to the
Pearson correlation coefficient (Figure 3). Evenness index was negatively associated with
Cu and Zn content in soil, but species richness was positively correlated with Cu and
Zn content in the soil. The accumulation of HMs has an impact on the plant density in
the community. Plant species diversity demonstrated a substantial positive correlation
with metals.
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Figure 3. Correlation plot showing association between species diversity indices and HMs accu-

mulation in soil and plants of the study area. Note: The colour represents the degree of pairwise
correlation with regards to the Pearson correlation coefficient, P (plant): S (soil).
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Phytoremediation potential of plants for Pb, Zn, Cu, and Cd was indicated by a
bioaccumulation factor (BAF) from soil to plant, and translocation factor (TF) from soil to
plant organs presented in Tables 4 and 5. The BAF in roadside areas was higher in root
than the whole plant indicating that metal is retained in the root compared to its aerial
parts. Simultaneously, the reverse is true for urban and control areas, which may be due to
low metal concentration allowing for plant growth and favouring the transfer of metal to
aerial portions, thus increasing the BAF. The BAF value for the root of plants growing on
the roadside sites was more than 1, indicating its hyper accumulation ability and can be
used efficiently in phytoremediation operations particularly for Zn and Cu. The BAF for
Pb was found to be more than 1 in roadside areas for root, which suggested that C. procera
can absorb and accumulate Pb (Table 4).

Table 4. Bioaccumulation factor of HMs from soil to root and soil to Calotropis procera intact-plant.

BAF (S/R) BAF (S/P)
HMs F-Value p-Value F-Value p-Value
Roadside Urban Rural Roadside Urban Rural
Zn 3.64 +0.07 2 1.38 £0.072 0.43 +0.06 2 1.64 0.17 1.56 +0.08° 0.41 £0.05" 0.46 +0.04? 7.90 0.003 ***
Cu 1.1+£0.14°2 237 £0.032 0.38 £0.032 1.23 0.37 0.79 £ 0.06 2 0.40 + 0.03® 045+ 0.022 1.28 0.34
Pb 1.83 £0.272 0.71+0.132 1.75 +£0.08 2 0.49 0.68 0.62 4 0.07° 0.55 +0.06 0.99 £ 0.07° 4.86 0.02 *
Cd 0.47 £0.052 0.67 £0.07 2 0.80 £ 0.072 0.58 0.43 0.44 £0.042 0.56 + 0.03 P 0.71 +£0.05° 7.98 0.002 ***
Note: *** (p <0.001), * (p < 0.05); different superscript letter (> b) show significant differences; BAF (bioaccumulation
factor); S/R (Soil to root); S/P (soil to whole plant tissue).
Table 5. Translocation factor (mobility potential) of HMs from below to aboveground structural parts
in Calotropis procera among the groups. ANOVA analysis.
Zn Cu
Metal - F-Value  p-Value - F-Value  p-Value
Roadside Urban Rural Roadside Urban Rural
TF (R-S) 1.11 £0.072 1.46 + 0.53° 092 +0.28¢ 7.88 0.006 *** 1.26 £0.152 1.0+ 0.12° 1.06 +0.25° 2.22 0.12
TF (S-L) 143 +£0.522 152 +0412 126 £0.242 0.56 0.6 1.10£0.132 1.46 +0.23° 1.1+0.382 0.10 0.63
TF (L-F) 0.80 +0.20° 0.56 + 0.06 2 0.68 + 0.06 2 294 0.02* 0.89 +0.132 0.62 +0.112 0.38 +0.072 1.07 0.31
Metal Pb Cd
TF (R-S) 0.96 +0.052 0.81 +0.14" 0.83 £0.15" 2.07 0.08 1.89 £0.132 0.74 +0.182 096 +0.142 213 0.23
TF (S-L) 1.04 £0.16° 1.10 £0.132 1.10 £ 0.172 1.08 0.53 2.70 £0.282 1.34 4+ 0.22° 1.04 +0.13° 0.56 0.57
TF (L-F) 0.82 +0.172 0.75 +0.072 090 +0.172 2.77 0.05 * 0.56 £ 0.06 2 1.04+0.12° 0.80 £ 0.25 2P 9.53 0.008 **

Note: * (p < 0.05), ** (p < 0.01), ** (p < 0.001); TF (translocation factor), R-S (root to stem), S-L (stem to leaf),
L-F (leaf to flower), different superscript (significant difference).

The translocation factor (TF) is an important indicator for the transportation of metal
in living tissues, from root to stem (R-S), stem to leaves (S-L), and from leaves to flowers
(L-F) of a plant body. Table 5 presents the TF of Zn, Pb, Cu, and Cd in different habitats.
Translocation factors for roadside areas and urban areas show a similar pattern in all the
studied sites. The TF value was less than 1.00 for R-S, and greater than 1.00 from S-L. Pb
TF values for R-S and S-L were found to be higher than 1 in roadside areas. The TF values
in most of the sites was more than 1, indicating the plant’s efficient ability to transport
metal in the upper parts of the plant. TF for Zn is R-S > to S-L > L-E. Zn translocation is
decreased in floral parts so that floral parts may receive a lower quantity of Zn compared
to Pb and Cu and Cd. The highest Cu translocation was from R-S followed by the S-L, and
less translocation is for L-F. Cd was found to be less mobile compared to Pb, Zn and Cu. Cd
translocation was found to be higher for L-F. The ANOVA result was significant, indicating
significant differences in translocation among sites and plant parts. In many cases, the
translocation factor was more than 1, indicating the ability of C. procera to accumulate and
translocate high quantities of metal and potentially be used in phytoremediation practices.

Principal component analysis (PCA) shows the relationship of plant—soil HM concen-
tration, bioaccumulation, and translocation with soil physiochemical properties (Figure 4).
The PCA biplot of samples and environmental data show a distinct scattering that was
found to be impacted mostly by metal concentration of soil (Zn, Pb, and Cu), soil texture
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(clay, silt, and sand), organic matter, electrical conductivity, biomass, cover, and available
water. Roadside sites are present at the bottom left side of plot and rural areas lie at the
bottom right side, while urban areas are present between roadside areas and rural areas.
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Figure 4. PCA-biplot of 15 contaminated sites superimposed with the corresponding influencing
factors.

The first quadrant (on bottom left) of the PCA biplot indicated that roadside areas
were mostly gathered under the influence of metal concentrations of soil, biomass, phos-
phorous, pH, and height of plants, while in the second quadrants (on bottom right), most
of the environmental variables are clustered around electrical conductivity, potassium, and
evenness index. Furthermore, the third and fourth quadrants of the PCA biplot elaborated
that urban areas were assembled under the influence of diversity indices, nitrogen, organic
matter, and cover of plants (Figure 4). The percent cumulative variance from the PCA
shows 100% of the variance. Table 6 shows the variance extracted from the first 14 Axis
where the Axis 1 shows 31.375% of the total variance, which gradually decreased to 0.332
for Axis 14.

HM accumulation in the soils and plant were compared with other studies conducted
in Pakistan and other countries with guideline values. Cu and Cd concentrations in soil
(15.24, 3.69) of roadside areas were higher due to vehicular emissions as compared to urban
and rural areas. The result of the present work in comparison with Egypt [29] except the
railway station, the thermal power plant area in India [46], and Riyadh and Ghaza [9],
showing higher concentrations of HMs in soil and C. procera. Compared to Pakistan [47],
Qatar [30], and India [31], all HM concentrations in addition to Pb and Zn (6.08, 32.18)
were higher in the roadside areas. Similarly, Cd concentrations were higher compared
to those found in roadside soil of India. Cu concentrations of the present study were
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less than those of the study conducted in Qatar, India and the study conducted in Egypt
(Table 7), indicating that soils in Pakistan were less contaminated by Cu as compared to
other countries but highly contaminated as compared to the WHO reference range.

Table 6. Summary statistics of PCA axis related with Calotropis procera.

Broken-Stick

Axis Eigenvalue % of Variance Cum.% of Var. Ei
igenvalue
1 7.530 31.375 31.375 3.776
2 3.216 13.400 44.775 2.776
3 2.846 11.860 56.635 2.276
4 2.340 9.750 66.386 1.943
5 1.782 7.426 73.811 1.693
6 1.730 7.207 81.018 1.493
7 1.375 5.730 86.748 1.326
8 1.074 4.476 91.224 1.183
9 0.762 3.174 94.398 1.058
10 0.551 2.294 96.692 0.947
11 0.419 1.744 98.436 0.847
12 0.180 0.750 99.185 0.756
13 0.116 0.482 99.668 0.673
14 0.080 0.332 100.000 0.596

Table 7. Comparison of metal concentration (mg kg~') in soils and plants of the present study to

other studies.

Soil Plant
Country Site Reference
Cu Cd Pb Zn Cu Cd Pb Zn
Roadside 15.24 3.69 6.08 3218 2345 2.27 19.45 103.7 Present study
Pakistan Urban 8.32 1.79 2.69 21.25 12.63 1.10 10.36 60.08 Present study
Rural 3.82 0.90 1.00 10.26 4.23 1.46 3.29 26.15 Present study
Qatar Industrial area 29.4 0.04 2.5 ND 57.3 04 1.6 ND [30]
. Tannery contaminated site ~ 36.95 ND 16.00 ND 27.64 ND 10.84 ND [48]
India Control site 1112 ND 1056 ND 1395 ND 11.95 ND
. . Riyadh 0.12 0.39 ND ND 0.52 6.53 ND ND
Saudi Arabia Gazan 020 03¢ ND ND 092 181  ND ND el
Residential areas 2.2 0.2 14.5 12.4 18.5 26.4 21.3 96.5
Egypt Roadside 2.6 0.2 70.0 26.6 16.9 22.2 70.0 1224 [29]
Fallow lands 12.7 0.3 6.8 17.0 13.5 29.6 47.6 69.5
Railways 60.3 4.8 224 202.9 24.2 26.9 72.9 58.5
Control ND 0.82 5.4 ND ND 2.7 124 ND
Riverbank ND 14 26.4 ND ND 3.8 32.5 ND
India Roadside ND 1.5 30.6 ND ND 3.6 45.5 ND [31]
Industrial ND 2.8 134 ND ND 6.6 135.7 ND
Residential ND 2.0 34.4 ND ND 4.8 47 ND
Saudi Arabia Mining area 48 320 105 67 344 ND 15.3 83.3 [49]
India Thermal power plant area 2.62 0.05 2.82 4.65 ND 0.14 0.88 4.98 [46]
Saudi Arabia Riyadh 80 1.00 40.8 820 49.0 41.5 8.8 191.0 [50]
M-2 Pakistan ND 0.34 2.57 96.82 ND 0.13 1.24 46.34
Pakistan Faisalabad-Sarghoda road ND 0.34 2.86 114.0 ND 0.22 2.61 47.68 [47]
Control ND 0.001 0.00 30.49 ND 0.00 0.00 8.52
Permissible level 8.39 0.31 8.15 44.19 10.00 0.10 5.00 60.00 [4,51,52]

Note: ND = not detected; bold letters show higher concentration than permissible level.

The high concentration of these metals reported in Egyptian railways may be due
to wastes generated during train maintenance. This explains why the concentrations of
metals analyzed were somewhat higher than those observed in prior research from Egypt
and other countries. This is because serious metal pollution has been recorded from several
metal processing sections i.e., battery manufacturing and smelting sectors. The mean Pb
and Zn contents of the current study (6.08 and 32.18, respectively) were lower than the
permissible level (Table 7).
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4. Discussion

The soil pollution index (SPI) is considered a key determinant of HMS contamina-
tion [53,54], and its value > 1 indicates a higher health risk [55]. Our results revealed that
SPIs of roadside areas and residential areas range between 1.83 & 0.27 and 1.12 £ 0.14
(Table 1), showing that the site was highly polluted. Similarly, Bose et al. (2008) and Alye-
meni and Almohisen (2014) [56,57] reported HM pollution in industrial and residential
areas, and densely populated commercial districts. Likewise, elevated Pb, Cd, Zn, and Cu
were identified in soil and C. procera vegetation along roadside areas and urban areas in the
current investigation, which might be attributed to traffic congestion and fast urbanization.
Many researchers, for example, Apeagyei et al. [58], Modrzewska and Wyszkowski [59],
Soltani et al. [60], and Trujillo-Gonzalez et al. [61], documented increasing HM contam-
ination near roadways and urban areas. The increasing HMs pollution along roadways
originates from various causes, including wear and tear of automotive tires, metals in cata-
lysts, deterioration of different parts, and paint erosion [62,63]. Furthermore, uncontrolled
migration from rural to urban regions has resulted in a rapid increase in industrial and
home effluents, including HMs [62].

In the current investigation, HM pollution was identified to spread from various
sources, e.g., in District Peshawar, the industrial zones at various sample sites added
pollutants. Moreover, toy manufacturers and sugar mills are the principal HM pollutant
sources in District Mardan. Furthermore, one of the primary sources of HMs in the
Malakand region is dust particles produced from crushed plant industries. Our findings
revealed substantial changes in Pb, Zn, Cu, and Cd contents in plant components from
different habitats. The order of metal contents being root > stem > leaves > flower. Cd and
Cu concentrations were found to be above the [64] permissible limit in all soil samples, but
Pb and Zn concentrations were found to be within the acceptable range values.

HMs bioavailability is influenced by external (soil-related) and internal (plant-related)
factors and is responsible for the plant’s ability to absorb HMs [65]. In external factors, soil
texture of the studied groups shows a sandy texture, having low organic matter content,
favouring bioavailability of HMs [66]. In addition, HMs may form complexes with organic
matter, limiting their bioavailability. Organic matter content is known to impact metal
bioavailability [67]. The pH varied from 6.60 & 0.18 to 6.92 &= 0.110 for soil samples that
were slightly acidic to neutral. The results obtained were compared to previous studies,
which indicated that soil pH significantly impacted metal intake and solubility [68,69]. The
electrical conductivity ranging from 256.85 £ 13.56 to 276.68 + 35.84 uS/cm indicates a
normal availability of metal in soil. These findings contrast to the data reported by Ullah
and Khan [34].

It is reported by Byrne et al. [70] that HMs concentration negatively affects the di-
versity and abundance of species in an area. Similarly, soil metal concentration directly
impacts species richness and the Shannon diversity index, impacting plant diversity [11].
The current results revealed that a community’s species richness and Shannon diversity
index decreases with increased HM contents and substantially correlates. After long-term
exposure of plant communities to HM-contaminated soil, plants may develop a mech-
anism to prevent or minimize the absorption of HMs [71]. In contrast, soil Cd and Cu
levels revealed a favourable relationship with species diversity. Cu in the soil is crucial in
controlling plant community species diversity [72].

The results in Table 3 show that the urban to rural gradients could significantly
influence the HMs concentrations, especially for Cu, Zn, and Cd. Trends of decreasing HM
accumulation with urban to rural gradients were also noted by Pouyat and Mcdonnell [64]
in a study of HM accumulation in forest soil. In the present work, similar trends were
observed in the Cu, Cd, Pb, and Zn concentrations, suggesting that these pollutants
accumulated highly in roadside areas compared to rural areas. In rural areas, a high
concentration of metals is attributed to the fact that these areas become a wasteland where
C. procera grows abundantly. The HMs have been recorded in the order: roadside areas >
residential areas > rural areas. In the present study, Zn contents in C. procera samples ranged
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from 103.70 mg kg ! in roadside areas to 26.15 mg kg~ ! in rural areas. Allen [73] found Zn
concentrations in vascular plants between 15 and 100 mg kg~ !, with 230 mg kg ! being
toxic. In contrast, Ghaderian and Ravandi [74] revealed that Zn concentrations in vascular
plants ranged from 10 to 200 mg kg~ !, with Zn essential plants [75]. In the unpolluted
region, the zinc level in the upper horizon was 9 mg kg~!, whereas in the contaminated
area, the zinc content averaged 71 mg kg ! as reported by Degryse and Smolders [76]. Zn
concentration in leaves of C. procera was shown to be safe in both rural and urban areas.

Cu is an essential element for photosynthesis and the metabolism of protein and car-
bohydrates [77]. The soil Cu concentrations ranged from 15.24 £ 0.96-3.82 + 0.37 mg kg_l
at various locations and plant components, whereas the maximum permissible level for
Cu concentration is 10 mg kg ! in plants [78]. Consequently, the plants collected from the
roadside were regarded as Cu-toxic. For photosynthesis and protein and carbohydrate
metabolism, Cu is needed [77]. There may be harmful implications if copper levels in
shoots or leaves exceed 20 mg kg ! [75]. In biochemical methods, C. procera roots were
used as a biosorbent to extract Cu from solutions with known amounts of the metal [79].

Pb has no benefit in plant nutrition and is found in plant tissues at concentrations of
1-10 mg kg~ ! [74]. Toy manufacturing, printing and the oil industry produce contaminated
water and exhaust gases, which contain Pb. Pb concentrations greater than 5 mg kg~! are
considered toxic to plants [8]. Pb levels in C. procera plants from roadside areas (19.45 =+ 0.68)
and urban areas (10.36 £ 0.89) were toxic, while rural areas (3.29 4+ 0.50) were normal. It
might be because Pb is mainly stationary in soil, lowering its bioavailability and subsequent
plant absorption [80].

The concentration of Cd in the soil of different sites and plant parts was found in
the range of 3.69 & 0.05 to 0.90 & 0.02 mg kg ! for road and rural areas and 2.275 =+ 0.15
~1.46 + 0.08 mg kg~ ! for roadside and rural areas in plants, respectively. Furthermore,
Cd is a hazardous element that occurs naturally, accompanying Zn. Cd is less readily
absorbed by soil and organic matter, making it more readily available to plants [81]. Metal
manufacturing, plastics, household wastes, automobile fossil fuels, and sewage are the
most significant sources of Cd contamination. Plants in an unpolluted environment contain
0.01-0.30 mg kg ! Cd [73]; hence, Cd concentrations in all tested environments were in the
phytotoxic range.

Tables 4 and 5 show the phytoremediation potential of Pb, Zn, Cu, and Cd using the
BAF from soil to plant and the TF in plant parts. The BAF can assess the plants ability to
take HMs from soil; however, it is not a precise estimate of HMs concentrations [82-84].
According to Sheoran et al. [85], if the BAF is <1, plants cannot be used for metal phytoex-
traction. Plants with a BAF value of <1 are not appropriate for metal phytoextraction [86].
Cd > Zn > Cu > Pb was the order of BAF for HMs by C. procera, which was similar to that
reported by Al-Farraj and Al-Wabel [49] and Galal and Shehata [87] on Plantago major L.
Zu et al. [88] showed that BAF >1 could suggest plant capacities for metal accumulation.
BAF > 1 was recorded in C. procera plant tissues (Table 4). Similarly, D’Souza et al. [31]
observed accumulation ratios under natural conditions and showed that C. procera has a
robust phytoextraction potential. Pb and Cd accumulation in leaves was greater than in
roots in the C. procera plant samples, suggesting that metals were more heavily allocated
to leaves. Waleed [89] reported that C. procera is one of the most useful bioindicators for
monitoring pollution levels in Mn, Cr, and Zn polluted areas.

The BAF in roadside areas was higher than 1 in root than the whole plant indicating
that metal is retained in roots compared to aerial parts. Significant anthropogenic activities
were present in the roadside sample, which may have contributed to the high metal content
around the soil and plants. Simultaneously, the opposite is true for residential and control
areas, which may be the cause of low metal concentrations, which would allow plant
growth and favour metal transfer to aerial portions, thus increasing the transfer factor. The
BAF was >1 at roadside areas, which indicates that C. procera can absorb and accumulate
these metals [74]. Among the studied areas (road, urban, and rural), the Cu content range
of BAF (BAF > 1) was significantly higher at roadside areas, which show the phytotoxicity
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of this metal. It was expected that this metal has a high concentration in soil because Cu is
essential for plant growth [56,90]. BAF of Pb was less than one in roots, which suggested
that Pb’s bioavailability is <1, and the plant can only absorb but not accumulate it. Pb
concentration shows a significant accumulation of BAF between the root and the whole
plant. The BAF for Cd in the studied areas was found to be less than 1.0 (Table 4), which
suggests that C. procera can absorb and accumulate Cd but less efficiently than Pb, Zn,
and Cu. The results reveal that the roots of plants tend to accumulate more Cd than the
stems and leaves as was reported by [91]. Galal and Shehata [87] found that roadside
plants had significant bioaccumulation of Cd. Cd uptake may have been linked to organic
matter [43,92] and soil pH [87].

The TF is important in relocating metal in living tissues, from root to stem, stem to
leaf, and from leaf to flower of a plant body. TFs for roadside and residential areas show a
similar pattern at all the studied sites. The TF was <1 from root to stem and >1 from stem to
leaf [90]. The results indicate that these metals are transferred marginally to the stem from
the root zones but easily mobilize to the leaf if available in the stem [93]. The Pb TF from
root to stem and leaf was >1 at roadside areas. The translocation factor in most of the sites
was >1, indicating the plant’s ability to efficiently transport metal in the upper parts of the
plant. The Zn TF order is the root to stem > stem to leaf > leaf to flower. Zn translocation
decreases in floral parts so that floral parts may receive a lower quantity of Zn than Pb and
Cu and more Cd. The highest Cu translocation was from root to stem, followed by the stem
to leaves, and less translocation from leaf to flowers. Cd was less mobile compared to Pb,
Zn, and Cu. Cd translocation was found to be higher from leaves to flowers. Only plant
species with a BAF and TF value of more than one have the potential to be employed for
metal phytoextraction, according to Yoon et al. [23].

Many studies in Pakistan, e.g., [47] and abroad, e.g., [9,29,48], have shown similar
patterns of HMs content in soils and C. procera plant parts. Compared to these reports,
minor changes in mean concentrations were found due to traffic intensity, industry type,
urbanization level, and residential sewage. The quantities of HMs in the soil and soil
parameters, such as soil texture, pH, and organic matter, influence the concentration of
HMs in plants [94].

5. Conclusions

The soils in the studied sites were highly contaminated, which is evident from the
SPI. The study found that soil organic matter and textural properties affected the HM
concentration. In addition, species diversity indices were also found to vary with changes
in HM concentration. HMs contamination sources were anthropogenic and natural, as
revealed from PCA analysis. Native plant species in the present study show a high ability
to accumulate HMs in their tissues. The plants” phytoremediation potential was evident
from the BAF and TF. There was a low transfer rate of metals in the root zone, but metals
are rapidly mobilized to the leaves once in the stem. HM uptake from soils must also be
compared to airborne deposition of metals on plant surfaces. To better understand the
distribution, accumulation, and sources of metal in the semi-arid areas, we need to conduct
more extensive monitoring. This research work provides a preliminary understanding
of the phytoremediation potential of the native plant species in Khyber Pakhtunkhwa,
Pakistan. Further investigation is required to study the phytoremediation potential of other
native plant species and compare their ability with non-native species of the regions.
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