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Abstract: The main cause of soil contamination comes from wastes produced by mining, chemical,
metal processing, and other related sectors. Essential and non-essential heavy metals are an inherent
part of the environment. A rise in geologic and anthropogenic activities has led to an increase in soils
that are polluted with heavy metals. The majority of environmental pollutants include Ni, Cu, Cd, Zn,
and Pb, especially in regions with significant anthropogenic pressure. Owing to the detrimental impacts
on food security, economic benefits, and crop growth resulting from phytotoxicity, as well as on the
environmental health of soil micro-organisms, heavy metal aggregation is a significant consideration
for agricultural productivity and production in affected soils. Phytoremediation is a very good technique
to mitigate heavy metal contamination in the soil. In this article, we critically evaluated how these heavy
metals affect plants and their reproduction, development, and growth processes, due to their biological
and geological fixation in water and soil pollution. The analysis revealed that heavy metal presence
plays a role in both growth and photosynthetic pigments. Hyperaccumulator plant species (Sansevieria
trifasciata, Zea mays, Asparagus racemosus, and Asparagus racemosus) are used in the
phytoremediation process, which is a systematic way to remediate soil or land that has been
contaminated with heavy metals, to remove the harmful effects of the heavy metal that is transported
on the basis of accumulation in the soil. This appraisal underscores the significance of phytoremediation
as a viable strategy for sustainable environmental management and restoration of polluted sites.
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1. Introduction

Toxicity in heavy metals is known as an excess of needed accumulation. In some cases,
it is the unlinked form that is naturally present on the surface of the earth and becomes
concentrated during human-caused activities. When a metalloid or HM is highlighted for its
potential to cause toxicity, specifically in environmental settings, it is considered toxic.
Perceiving, diet, and manual use are all avenues through which heavy metals can enter the
human tissues, plants, and animals. They can also bind to and impair the function of essential
cellular components. Because of their toxicity, heavy metals have historically been significant
environmental pollutants for nutritional, ecological, evolutionary, and environmental factors
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[1]. These include heavy metals Ni, Cd, Fe, Pb, Co, Zn, Cr, Ag, and As. These heavy metals
and metalloids have an atomic weight higher than 4 g/cm® or even more. The term
"environment™ means the total vicinity of a condition occurring within multiple organisms or
a collection of some organisms, specifically the mix of physical factors that plays a vital role
in the organisms' survival, development, and growth. They are generally found scattered among
formations of the rock. Heavy metals were introduced into the earth’s biosphere by human
activities, with the greatest availability in soil and marine ecosystems and a comparatively
small proportion in the atmosphere as aerosols and water vapors. Since most heavy metals play
essential roles in plant reproduction, growth, and development, their toxicity levels in plants
vary with plant genus, family, or species, soil composition, soil pH, specific metal
concentration, and chemical form. Certain heavy metals, including Zn and Cu, either operate
as cofactors or enzyme activators. It displays metallic features such as malleability, ductility,
ligand selectivity, cation stability, and conductivity, and is distinguished by a high relative
atomic weight and comparatively high density [2]. Although organisms need only trace
amounts of heavy metals such as manganese, cobalt, tin, nickel, and zinc, these elements can
become toxic at higher levels.

1.1. Overview of heavy metal toxicity.

Heavy metals like Ni, Cu, Zn, Pb, and Cd, (are metalloid but normally termed to be as
an HMs) these are very harmful and poisonous to both humans, plants, microbes and animals,
because they pollute the environment and its surroundings (air, soil and hydrological parts),
which will be deadly, toxic or harmful, and will have a great effect on all living components
Figure 1. As a result, they are considered to be the ‘main threats’ because they do not have any
benefits for organisms. Selected plant species roots (Normal) are the central point of contact
for heavy metals in the environmental and ecological food energy flow, where they are
absorbed in the autotrophic stage and subsequently consumed by secondary consumer
reproduction. However, in marine systems, where floral bodies are exposed on the water
surface to these ions and particles are left on the foliar surfaces of the leaf, heavy metals (HM’s)
are directly injected into leaf parts. This essay reviews the nature, characteristics, and effects
of soil contamination with heavy metals on plant growth [3-5].
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Figure 1. Heavy metal toxicity (HMT) in the contaminated soil.
1.2. Phytoremediation mechanisms.

Heavy metal contamination is increasingly becoming a major environmental concern,
especially in urban and industrial areas where industrial discharges and vehicle emissions occur
regularly. The accumulation of roadside metals such as lead, zinc, nickel, and cadmium is
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mainly driven by tire wear, brake lining wear, fuel combustion, and atmospheric deposition
(Figure 2).

Phytodegradation is a subset of phytoremediation that uses plants and the microbes in
the rhizosphere to break down or transform toxic pollutants, such as certain metal complexes
bound to organic matter, into less harmful forms. Heavy metals benefit indirectly from
phytodegradation, despite the fact that it has historically been more effective for organic
pollutants.
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Figure 2. Overview of the heavy metals (HMs) accumulation along the roadside and around the industrial side
by phytodegradation.

2. Physiological and Biochemical Effects in Plants

Heavy metals are known to contain a multiple vital aspect in the life of plants: they are
major important components in carrying out plant anabolism, catabolism, and metabolism, but
the level of accumulation in much concentrations in the soil increases the uptake in plants and
can lead to harm or toxicity to the different parts and levels of the selected plants (grass, herb,
shrub and tree) [6-8]. By determining and understanding the chemical composition of different
plants, one can establish the features for identifying the capacity of plant families and species,
their ultimate use as sensitive bioindicators, and their role as bio-monitors for soil
contamination states with HVMs. In addition, most plants can be utilized as an agent or
component of material [9-14]. Heavy metal aggregation in some selected plant species results
from a constant interaction among the plant root system, shoots, various soil particle sizes, soil
texture, and natural minerals via interactive adsorption. A certain activity happens for the
reason of the sharing of organic acids and hydrogen ions (H*), which are produced by any type
of roots for metal () in soil. The degree of metal (*) absorbed from the rigid stage by plants or
vegetation species can differ, from hundreds to thousands of rounds. Its uptake is influenced
by various factors, including physicochemical properties, morpho-anatomical, physiological,
biochemical, and climatic conditions, across different types of plant parts [15-18]. There are
complicated interactions between heavy metals and plants. As plants need nutrients for vital
physiological functions, heavy metals require trace amounts of nutrients for healthy, adequate
growth [16]. Essential functions can be disrupted by inadequate or toxic quantities, which can
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result in ill health or death. The type of metal, its concentration, bioavailability, and the species
all affect how much toxicity or deficiency a plant can withstand to survive. Both maximum
(Max) and minimum (Min) levels of (HMs) heavy metal concentrations in roadside and
industrial side soil uptake can have an adverse effect on agricultural crop development and
proper growth because these metals interfere with plant metabolism, inhibiting respiration and
photosynthesis as well as causing organelle degeneration and even plant death Figure 3.
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Figure 3. Hyper accumulation and non-hyper accumulation efficiency of Heavy metals through the shoot
system and root system of snake plant (Sansevieria trifasciata).
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2.1. Cadmium (Cd).

Heavy metal cadmium (Cd), which is very uncommon, naturally occurs in mixtures
with other metals. Due to its prevalence in soil and car gasoline, cadmium is usually found in
roadside dust. As a result, road dust can expose people to Cd through breathing. The intake of
Cd compounds following inhalation might depend significantly on the particle ranges and their
solubility. A metal called cadmium can be extremely hazardous to people. Long-term Cd
exposure can have negative effects on a number of organs, such as the kidneys and urinary
tract, as the main target. According to ATSDR- agency for toxic substances and diseases
registry, 2012. Toxicology outline of Cd metal Table 1. The following outcomes were made
along the Islamabad Expressway on the different levels of cadmium in the samples of roadside
dust.

Table 1. Cadmium (Cd) concentration in the soil and bioaccumulation factors (BAF) in Zea mays L. (Maize)

S. No. Sampling Locations Cadmium (mg kg') | Bioaccumulation factor (BAF) | References
0.119-0.199 0.081-0.135 [19]
0.09-0.29 0.17-0.56 [20]
1. Industrial pollution (IP) 0.11-3.11 0.00076-0.0049 [21]
1.58-3.87 0.0019-0.002 [22]
0.14-0.24 0.1-0.25 [23]
- . 69.0-2300.0 0.005-0.59 [24]
2. Mining and smelting (MS) 58740 0.01.052 [25]
. 1.40-2.59 0.15-0.44 [26]
3 Dumpsites (DS) 21.9-138 0.03-0.058 [27]
L . 3.8-4.1 0.05-0.28 [28]
4, Municipal water irrigated (MWI) 0.1-027 047071 [29]
5. Battery waste dumpsite (BWD) 163.96-258.38 0.176-0.197 [30]
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2.2. Zinc (Zn).

Micronutrient zinc (Zn) is crucial for bodily processes. Zinc is a component of enzymes
and also activates a variety of enzymatic processes [31]. Numerous aspects of plant life are
significantly influenced by zinc, including nitrogen metabolism, nitrogen uptake,
photosynthesis, chlorophyll, protein quality, carbon metabolism, resilience to biotic and abiotic
stressors, and defense against additional oxidative damage. In agricultural growth deficiency
in Zn is reported frequently Zn deficient in all plants experience stress physiologically brought
on by altered metabolic processes and dysfunctional enzymes, stunted growth, inter-venal
chlorosis in pre mature leaves, necrotic tips, and has great issues with photosynthetic processes
are all indications of a deficit Zn poisoning causes plants to experience physiological stress
brought on by altered metabolic processes and dysfunctional enzymes Table 2.

Table 2. Zinc (Zn) concentration in the soil and bioaccumulation factors (BAF) in Zea mays.

S. No. Sampling locations Zinc (mg kgh) Bioaccumulation factor (BAF) | References
. ) 70.58-85.15 0.203-0.245 [19]
1. Industrial pollution (IP) 27 21-30.78 0.23-0.99 [32]
- . 260.0-5500.0 0.03-0.25 [25]
2 Mining and smelting (MS) 99.68-99.86 0.678-0.789 [33]
. 156.78-243.81 0.047-0.40 [26]
3 Dumpsites (DS) 63.0-80.2 0.07-0.40 [27]
8.47-12.13 0.1-0.26 [34]
4. Municipal water irrigated (MWI) 16.0-162.5 0.44-0.88 [35]
146.1-238.9 0.18-0.34 [28]

2.3. Lead (Pb).

A silvery-grey or slightly blue metal with an atomic mass of 207.19, and an atomic
number of 82, and has a specific gravity of 11.34, lead (Pb) at atmospheric pressure has a
boiling point of 1740°C and a melting temperature of 327.5°C. With atomic weights of 208,
206, 207, and 204, it has four naturally present isotopes (in inverse order of relative excess).
Its valence shell has four electrons, which is considerably, lead does not necessarily have an
oxidation state of +2 as opposed to +4 because only about two out of the four electrons have
the capacity to be rapidly ionized. Mostly, the inorganic salt content of lead2+, with the
exception of chlorate, nitrate, and chloride, has limited solvability in water World Health
Organization) [36, 37]. Lead toxicity or poisoning, collected or retrieved from Lead (Pb), is
among the most widespread and consistently shared trace metals today. It can be present in
many different forms in natural origins throughout the world. The (Pb) lead comes in various
ways from industrial sources, automobile exhaust, fumes, and dust, which can pollute soil and
plants within the affected vicinity. Pb?* has been discovered to be acutely harmful to humans
in maximum concentrations. Since Pb?" cannot be degraded, once soil or land has been
poisoned or when toxic elements are present, it continues to be a source of Pb?* exposure for a
considerable number of years Table 3. Heavy metal occupying soil or contamination harms
biological systems and doesn't degrade through biodegradation.

Table 3. Lead (Pb) concentration in the soil and bioaccumulation factors (BAF) in Zea mays L. (Maize).

S. No. Sampling locations Lead (mg kg?) Bioaccumulation factor (BAF) | References
34.42-42.27 0.0008-0.001 [19]
1. Industrial pollution (IP) 12135240 S L Eg}
33.62-122.1 0.007-0.009 [22]
2 | wnganasneing )[40, 2001 2
3. Dumpsites (DS) 6.36-7.76 0.06-0.32 [26]
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S. No. Sampling locations Lead (mg kgt) Bioaccumulation factor (BAF) | References
- . 34.76-39.75 0.00075-0.0086 [38]
4. Municipal water irrigated (MWI) 10.89-12.39 0.11-0.19 [34]
5. Battery waste dumpsite (BWD) 3265.8-1273.8 0.0096-0.0105 [30]
2.4. Nickel (Ni).

The earth’s crust, nickel, is naturally mixed with other elements. Every soil contains it.
It is widely observed as the sulfate or oxides of the environment when related to oxygen or
Sulphur. Additionally, power stations that burn coal, oil, and trash incinerators release nickel
into the environment. People are usually exposed to Ni by coming into contact with it at their
workplaces and, in some cases, even people living around them are at risk to their health,
according to the Occupational Safety and Health Administration (OSHA).

2.5. Copper (Cu).

One of the most common heavy metal pollutants in the environment, copper comes from both
natural and manufactured sources [39]. Although copper is essential for the best possible
growth and development of plants, it can also be hazardous [40]. Due to the careless use of
pesticides, fungicides, industrial effluents, and wastewater irrigation, copper (Cu) pollution in
agricultural soils is a significant obstacle to sustainable agro-food production, especially in
developing nations. Numerous essential enzymes involved in numerous vital biological
processes contain copper (Cu). It is a part of plastocyanin, a Cu protein that serves as the
photosystem's main electron donor. By boosting the production of ROS, copper excess puts
plants under oxidative stress [41].

Table 4. Copper (Cu) concentration in the soil and bioaccumulation factors (BAF) in Zea mays L. (Maize).

S. No. Sampling Locations Copper (mg kg?) Bioaccumulation factor (BAF) | References
1. Industrial pollution (IP) 12?'2251_'3232_9673 06?05161'%99696 Eg}
2 Mining and smelting (MS) 93:3-12-88:84 909'9911?-909'.196;1 Eg}
3 Dumpsites (05) S oe0 0066 7]
4. Municipal water irrigated (MWI) 51.9-64.3 0.06-0.12 [28]

3. Bioaccumulation Factor (BAF).

Meanwhile, the bioaccumulation factor (BAF) is also used to calculate metal transfer
from soil to various plant parts. He et al. [42] used the following equation to measure BAF:
Cc
BAF = ------- 1)
Cs

Where Cc represents the element contents (in dry matter) in the plants, and Cs shows
the element concentration in the corresponding soils. Meanwhile, [43] evaluated the BAF of
vegetables as follows:

Cplant
BAF = ----—---- (@)
Csoil

Chpiant Shows the accumulation of heavy metals in the edible part of vegetables, and Csoil
denotes the amount of heavy metals in soil. The BAF formula used [44] is as follows:
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Cgrain
BAF = - (3)
Csoil

Where Cgrain is the amount of metal determined in the grain of the crop, and Csi is the
respective metal content in the soil.

Leaves

Figure 4. Phytoremediation by young plant (Mangifera indica L.) sapling and dry climber plant species
(Asparagus racemosus Willd.).

4. Heavy Metals Permissible Status

Consequently, heavy metal concentrations or heavy metal amounts in soil and
agricultural soil depend on soil texture, soil characteristics, and the soil composition application
rate of contamination by chemical fertilizers/inorganic fertilizers, weedicides, pesticides,
herbicides, sewage sludge, and industrial/domestic wastewater Figure 4. Table showing the
standard of heavy metals limits, permissible level of heavy metals in soil or agricultural soil,
and normal heavy metals ranges in plant species.

Table 5. World Health Organization (WHO)/Food and Agriculture Organization (FAO) permissible limit levels
of toxic metals in agricultural soil [36, 37].

s Toxic WHO maximum FAO/WHO maximum Heavy metals range in plant species (mg/kg)
standard limits permissible limit Permissible Normal .
No. elements Toxic value
(ppm) values (mg/kg) value value
1 Nickel (Ni) 80 67.9 10 0.02-50 25
2 Copper (Cu) 30 73.3 10 25 30
3 Cadmium (Cd) 3 0.2 0.02 <24 3-30
4 Zinc (Zn) 300 99.4 0.60 20-100 500
5 Lead (Pb) 100 0.3 2 0.50-30
5. Natural Sources of Heavy Metals (HMs).

Among the natural sources of heavy metals, igneous and sedimentary rocks are
considered the most common. The concentration ranges (ppm) of heavy metals in the igneous
and sedimentary rocks are listed in Table 6. It has been found that elements present in one rock
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type occur in varying proportions, and the proportions of different elements vary from one rock
type to another [45].

Table 6. Natural sources of heavy metals range/concentrations (ppm) of (Ni, Cu, Cd, Zn, and Pb) in the rocks

[46].
Heavy metals | Granite igneous Black shales Basaltic igneous | Sandstone Shales and clay
Nickel (Ni) 18.0 6.4 45-410 0.2 20-250
Copper (Cu) 5-14 34-1500 48-240 2-41 18-180
Cadmium (Cd) 0.003-0.18 20.3-8.4 0.006-0.6 - 0.0-11
Zinc (Zn) 6-30 7-150 2-18 <1-31 16-50
Lead (Pb) 4-30 20-200 30-160 - 18-120

Heavy metal concentration can be determined according to the type of rocks and the
surrounding ecosystem conditions [47]. In addition, soil formation is also considered one of
the main reasons for heavy metals accumulation besides river sediments Figure 5.

The main sources of heavy metal pollutants are manmade sources (Anthropogenic) and
natural sources.

Anthropogenic
Natural
Sources
Sources (AS)
Weatherning and Orgainc and Inorganic
Abrasion of Rocks Fertilizers
Volcanic Eruptions Sewage Sludge
Forest Fires Fossil Fuel Combustion

Aerosols formation
over Seas

Industrial Activities

Figure 5. Natural and anthropogenic sources (Human activity) of heavy metals.

6. Global and Regional Accumulation Studies

Table 7 shows the variations of certain metals like Cu, Zn, Pb, Ni, and Cd in each Asian
nation. Zn concentrations in Asian nations range from 13.3 to 3840 mg per kilogram, while Pb
concentrations are between 11.1 and 1331 mg per kilogram. Ni concentrations ranged from 4.2
to 88 mg kg in different locations throughout Asia. The range of Cu concentrations reported
for Asia is from 11.3 to 350 mg kg. The results for the Asian Cd content differ widely, from
1.17 to 5.0 mg kg* (Table 7). According to Asian countries' data, the Indian city Kolkata
produces more Pd, the Pakistani city Islamabad produces more Cd, and the Chinese city Beijing
produces more Ni and Zn into the environment.

Table 7. Asian countries (India, Pakistan, and China) differentiation of the heavy metals (HMs) Cd, Cu, Pb, Zn,
Pb and Ni in roadside areas and industrial side areas.
Asian Countries (Capital) Heavy Metals

City Country Ni Pb Zn Cd Citation
Kolkata India 42 536 159 3.12 [48]
Islamabad Pakistan 23 104 116 5 [49]
Beijing China 72 126 167 1.67 [50]
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The World and Asian Countries Comparison of Roadside and Industrial areas, heavy
metals concentration on plant diversity and soil: The aim of this comparison is to know the
various effects of heavy metals (HM’s) and their impact on plant species and soil around
industrial and roadside areas worldwide to rate which continents suffers a lot, and also to
determine which species of plant are good in terms of dust capturing efficiency and heavy

metals uptake from the soil Table 8, 9 &10.

Table 8. Country-wise standards of heavy metals (HMs) in the soils (mg/kg) adapted from [51].

. Heavy Metals (mg/kg)

S. No. Name of continent | Name of country Ni Cu Cd Zn Pb
1 Europe Germany 200 200 5 600 1000
2 Europe Netherlands 100 190 13 720 530
3 Asia India 75-150 135-270 3-6 300-600 250-500
4 North America USA 72 270 0.48 1100 200
5 North America Canada 100 150 3 500 200
6 Asia China 40-60 50-200 0.3-0.6 200-300 80
7 Australia Australia 60 100 3 200 300
8 Africa Tanzania 100 200 1 150 200
9 Zealandia New Zealand NA >104 3 NA 160
10 Europe UK 230 NA 1.8 NA NA

Table 9. Range of variation and descriptive statistics for the HVMs concentrations in the contaminated land
around roads and industrial areas compared with the other countries [52].

. Concentration (ug g* soil)

Counties cd Ni Pb Zn
London, UK - - 294.00 183.00
Bangkok, Thailand 26.00 25.00 48.00 118.00
Hong Kong - - 93.40 168.00
Palermo, Italy - - 202.0 138.0
Central Jordan 83.93 - 62.17 146.94
Canada 64.00 - 70.00 200.00
Argentina 41.10 2.42* 9.42* 106.00
Changchun, China 66.00 - 35.40 90.00
China - - 55.00 209.00
Nigeria 186.20 - 469.20 168.10
Montenegro 28.59 96.59 35.35 92.84

* Sample was extracted with HCI.

Table 10. Asian countries’ analogy of HVMs Zn, Ni, Cd, and Pb at industrial/roadside [52].

Asian countries Heavy metals
Country City Zn Ni Cd Pb
China Beijing 167 72 1.67 126
China Hong Kong 168 - 2.18 93.4
China Hong Kong 3730 28.6 - 120
China Shanghai 734.8 82.98 1.23 294.9
Bangladesh Dhaka 154 26 - 74
India Calcutta 159 42 3.12 536
Jordan Amman 162-410 42-88 3.1-11.2 210-1131
Jordan Karak 13.1 4.2 - 11.4
Korea Taejon 162-215 - - 52-60
Pakistan Islamabad 116 23 5 104
Turkey Istanbul 437-584 31-33 1.4-23 105-556

6. Conclusion and Future Outlook

In heavy-metal-polluted soils, selected plant species exhibited stunted growth and
reduced biomass due to alterations in their biochemical, anatomical, and physiological
processes. Therefore, it has been clear from the results of several studies of heavy metals that,
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whether used wisely or present, they have hazardous effects on many living things after a
certain threshold. The ecological balance of our world must thus be maintained by stepping up
research to achieve a good understanding of the effects of heavy metal toxicity on plant parts
and related regions. The relationship between trees, shrubs, herbs, grasses, and heavy metals
has two sides: on the one hand, heavy metals are toxic to plants; on the other, plants have
developed defenses against heavy metals, reducing their toxicity in heavy metal pollution. The
analysis revealed that heavy metal presence plays a role in both growth and photosynthetic
pigments. Hyperaccumulator plant species are used in the phytoremediation process, a
systematic way to remediate soil or land contaminated with heavy metals, to remove the
harmful effects of the heavy metals transported by soil accumulation. Phytoextraction is a
widely accepted form of phytoremediation used to treat heavy metal-affected soil because it
ensures the complete removal of pollutants. Phytoremediation may be considered a sustainable
and cost-effective technique for mitigating heavy metal contamination in soil. Careful
observation and analysis are necessary to assess the overall environmental impact. To identify
safe delivery methods and how to combine them with other technologies, such as
nanoremediation, more research is required. To produce biodegradable and biocompatible
materials, more research is needed in addition to encouraging national policies. Large-scale,
reasonably priced production of phytoremediation solutions is necessary for wider adoption.
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