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(" ABSTRACT

Purpose: Adding unwanted toxic substances to water and soil degrades the quality of food and nutrients.
The main cause of pollution on land and water surfaces is industrial discharge. Heavy metals found in
industrial effluents include aluminum (Al), zinc (Zn), lead (Pb), chromium (Cr), arsenic (As), mercury
(Hg), and cadmium (Cd). Chromium is considered one of the most perilous, poisonous, and carcinogenic
heavy metals among them. The continuous use of these metals causes harm to the agro-biological system.
Though the physical and chemical approaches are extremely expensive, ineffective and unsuitable for our
environment but still are in use for getting rid of heavy metals.

Research Method: The current analysis focuses on existing knowledge in the form of research
papers available on google scholar and Scopus, issues associated with chromium pollution, such as
its environmental, plant development, and human health toxicity as well as its prompt eradication through
ornamental plants with high accumulation potential and contamination acceptance.

Findings: There is a necessity for green and cost-effective technology for polluted soil and industrial
wastewater. Phytoremediation has been considered the most encouraging and suitable green technique to
remove contaminants in recent decades due to its low cost and environmental friendliness.

Originality/ Value: Ornamental plants appear to be more viable options than edible crops and
therapeutic plants as they provide several benefits, including heavy metal pollution removal, environmental

-

embellishment with revenue generation and rare connection in the food chain.
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INTRODUCTION

The majority of regions of the Earth have become badly
polluted via heavy metals and suffering significantly as
an outcome of numerous anthropogenic activities and
over-exploitation of natural resources, proportionately
many toxic heavy metals that cause destructive impacts
to biota have been incorporated in water and soil,
including zinc (Zn), lead (Pb), chromium (Cr), arsenic
(As), mercury (Hg) and cadmium (Cd), (Fu et al., 2017;
Bali et al., 2020). Some heavy metals are required to
run life at a relatively low-level quantity, but at large
concentrations, they induce toxicity, carcinogenicity
and allergenicity and can change the activity of
sensitive enzymes (Koropatnick and Leibbrandt, 1995).
These metals are to blame for decreased profitability
as well as damage to agro-biological systems., and

inflicting harm on humans in direct or indirect
ways. They enforce stress on plants and have an
antagonistic effect on their physiology. Among these
metals, Chromium is also considered very hazardous
to the environment.Textiles, tanneries, electroplating,
metallurgy, aircraft production, electronics, nuclear
reactor vessels, paper industries, negative-film making,
cement-producing plants, pyrotechnics, wood preserva-
tion, glassware, ceramic ware, and dye synthesis are all
major sources of chromium waste (Lu et al., 2013).
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The most plentiful mineral Chromium is found in the
Earth and is present in the form of chromite (FeCr204)
ore. Nicolas Louis Vauquelin discovered chromium in
1798. Cr is a transitional metal that has a 24 atomic
number and has a relative atomic mass of 51.996, its
melting and boiling points are 1890°C and 2482°C
respectively. The oxidation states of Chromium range
from -2 to +6. The trivalent and hexavalent forms of
Chromium (Cr) are often stable. Cr in its 0 oxidation,
having a pure metal state is biologically inert, has
no negative effects, and does not occur naturally
on the Earth’s surface, whereas Chromium (III) and
Chromium (VI) which are derived from industries
effluents, are biologically active and causes destructive
effects on living beings. Trivalent chromium is not as
hazardous as hexavalent chromium.

According to the Indian standard maximum tolerance
for total chromium in the water supply is 0.05
mg/L. The stability and low biodegradability of
chromium allow it to persist for extended periods in
the atmosphere, soil, and water, where it can have
numerous detrimental impacts. (Li et al, 2020). Table
1 shows the destructive effect of chromium on soil,
plants,, and human beings.

Chromium in the environment

Cr is a hazardous contaminant that poses a severe
environmental risk. It enters the environment through
the burning of fossil fuels, airborne emissions from
chemical plants, incineration facilities, electroplating,
effluents from chemical plants, cement dust, catalysts,
chromium steel, fertilizers, contaminated landfills, oil
drilling sites, and metal tanneries. High Chromium (VI)
content present in the soil causes soil degradation, and
microbe damage and reduces plant productivity (Wani
et al., 2019; Peng and Guo, 2020). The chromium
hexavalent form is sensitive to the redox potential value
of the soil, when its value is low, the reduction process
stops, while when the redox potential is high, the
oxidation process takes over (Rinklebe and Shaheen,
2014). The soil’s reductive property leads Chromium
(VD) to be changed into chromium (III), and Chromium
(III) to get immobilized as a precipitated form (Shahid
etal., 2017).

Effects of chromium on human health

Chromium and its derivatives are absorbed into the
human body via oral, dermal, and inhalation routes.
Cr (IID) trivalent chromium- when administered orally,
99% of the dose is recovered in the feces, while 94%
is retrieved by duodenal administration. Only 0.5%

was eliminated through urine in both cases, indicating
low Cr (IIT) absorption. Human inhalation raises Cr
content in urine, indicating respiratory absorption, and
substantial research indicates that Chromium (III) has
less absorption and toxicity is mostly due to the Cr(VI)
form (Dayan and Paine, 2001). Cr (V]) is the second
most constant type of Cr and a powerful oxidizer. Cr
(VD) interacts with oxygen to generate chromate and
dichromate. Chromium(VI) can pass cell membranes
via anion channels, react with nucleic acids and
proteins, delayed contact sensitizer, has the kidney as
its primary target organ, and is categorized as a group-
I human carcinogen (Mancuso, 1997). According to
fecal testing, 10% of the dosage is absorbed the in
gastrointestinal tract. Hexavalent Chromium enters the
bloodstream, where it is taken up by RBC, reduced, and
bound to hemoglobin. Because of the high oxidizability
of Chromium (VI), it has been linked to asthma,
allergic reactions, cardiovascular and neurological
illnesses, cancer, and organ failure (Gupta and Kumar,
2012). Granular Chromium (VI) is a known carcinogen
in the lungs of humans (Browning and Wise, 2017).

A chromosomal instability, breakage, or deletion has
been linked to Hexavalent chromium-triggered malig-
nancies and generates an early warning role in these
processes (Ventura et al., 2021). The mitochondrial
genome particularly is susceptible to a variety of
environmental toxic substances and prone to damage
due to the special structure of DNA and the absence of
a repair system (Fontana and Gahlon, 2020).

Chromium toxicity and plants

Heavy metals, depending on their valence states, can be
exceedingly reactive, producing plant cell abnormali-
ties from a variety of angles, Cr (II) is a trace element
for healthy mammals as it is involved in the absorption
and breakdown of carbohydrates, proteins, lipids and
enhance the action of insulin hormone but not for plants
(Shahid et al., 2017). Symptoms of Cr (VI) toxicity
create noxious disorders in plants including a decrease
in plant biomass, leaf deformation, chlorosis, necrosis,
inhibited enzyme activity, protein deformation, blocked
mineral absorption and transportation, low grain
production, reduced photosynthesis, cell membrane
damage, chromosome aberration and ultimate death
of the plant. Excess Cr was found to impair critical
mineral intake by obscuring sorption sites and creating
insoluble complexes. Under excessive Cr exposure,
paddy plants (Oryza sativa L..) showed a steady decline
in the absorption of micronutrients such as copper
(Cu), zinc (Zn), manganese (Mn) iron (Fe), and
macronutrients such as potassium (K), phosphorus (P)
and nitrogen (N) (Sundaramoorthy et al., 2010)
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Table 1: Heavy metals with their effects on soil, humans, and plants.

Heavy Atomic

Hazardous effects

S. No. . Effects on humans  Effects on Plants References
metals no. on soil
Restricts the Forgetfulness, Suppression of l;;;)ti;.lszewska,
| Al 13 uptake of essential  anemia, depression, cell division, ’
' nutrients and inability to cell expansion, . .
. . . Crisponi et al.
nitrogen fixation concentrate and transportation. 2013
Cytoplasmic . .
. leaf deformation, Baruthio, 1992;
. protein and .
Causes nutrient chlorosis, and
. DNA damage, .
imbalance, root allereic and necrosis, reduced Mahurpawar,
2. Cr 24 injury, and & . biomass decreased  2015;
C eczematous skin ..
inhibiting . enzyme activity,
.. reactions, .
enzyme activity . . and low grain Gupta and
gastrointestinal .
production. Kumar, 2017.
hemorrhage.
Soil pH Bronchitis, reduc.es s.eed Lone et al.,
. e . germination, 2008;
. imbalance, inhibits  sickness
3. Ni 28 .. . root and shoot
seed germination,  cardiovascular
lant erowth Jamage growth, Bhalerao et al.,
plant & &% and chlorosis. 2015.
Higher metabohc Fernandes and
. disturbances, .
concentration in . . Henriques,
soil affects seed Liver damage, growth inhibition, 1991 -
4, Cu 29 . Wilson disease, blocking of ’
germination, . . .
insomnia photosynthetic
root development, Gupta and
X electron
and plant vigor. Kumar, 2017
transport
Signes-Pastor
Higher Causes respiratory et al., 2008;
concentrations ailments, skin Cell membrane
5 As 33 in the soil can diseases, damage, reduction =~ Mahurpawar,
' damage the gastrointestinal in leaf and fruit 2015;
plasma membrane  complications, formation
of living beings. and carcinogenic. Gupta and
Kumar, 2017.
An increasin cell structure Koeppe
& Kidney damage, destruction, pp
percentage of degeneration of antioxidant 1977;
6. cd 48 Cd in soil g
bones, system damage,
becomes carcinogenic and metabolic Gupta and
nutrient-deficient g ) . Kumar, 2017.
obstruction.
Kidney damage., growth retardation, ~Mahurpawar,
mental retardation, .
Suppress plant . reducing seed 2015;
deafness, digestive L
7. Hg 80 growth and even viability,
. problems, and .
kill them and denaturing Gupta and
adverse neuro .
. of proteins. Kumar, 2017
disorders.
i(rjllileizliatietisorjl()) lfd reduction in the Mahurpawar,
Jant root Renal and nervous growth of the roots, 2015;
8. Pb 82 p system disorders, decreases enzyme
growth, and . .
inhibits cell Mental retardation,  activities, Gupta and Kumar,
JoIs ce ATPase inhibition. 2017
division.
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Figure 1: Toxic effect of Chromium on plant

Plants may be capable to survive in severely polluted
surroundings and tolerate high quantities of hazardous
chemicals in their tissues. In phytoremediation,
numerous plants from the representative families
Solanaceae, Asteraceae, Rosaceae, Betaceae, Poaceae,
and Caryophyllaceae are utilized to absorb, breakdown,
digest, metabolize, evaporate, and detoxify heavy
metal pollutants (Gawronski and Gawronska,
2007). Phytoremediation of chromium (Cr) from
contaminated soil is a cost-effective green approach
that includes the provision of income generation,
environment beautification, cut-flowers, and other by-
product benefits (Nakbanpote et al., 2016).

This strategy employs a diversity of plant varieties
including ornamental plants. Ornamental plants
are produced to decorate and beautify indoor and
outdoor spaces like parks, roadsides, shopping areas,
workplaces, landscapes, etc. They give visual effects,
and foraging opportunities for pollinators, boost
positive energy, and make people feel relaxed.
Ornamental plants, as proven by the current COVID-
19 outbreak, are not just pleasures, but also human
necessities.

Heavy metal phytoremediation plant selection
and preference

The selection of suitable plant species is critical to
the effectiveness of phytoremediation; they should
have a high tolerance and accumulation of heavy
metals, rapid development, should have a deep root
system, capable of absorbing heavy metals although
they are present in very low concentration, be able
to generate a high amount of biomass, should be
well adapted to their current environment and be
repulsive to herbivores to limit the danger of heavy
metal biomagnification entering the food chain (Butt
et al., 2018). The morphologies of the root, stem,
and leaf are critical in the phytoremediation process
(Wei et al., 2005). The majority of attractive plants
have high concentrations of heavy metals in their
roots. The root is the main absorption organ in plants;
root dimension, surface area, and density can affect
heavy metal absorption while microorganism growth
and reproduction in the rhizosphere can be influenced
by root exudes. (Cheng et al., 2016). The leaf
area influences biomass development by influencing
photosynthesis and the leaf surface is also an important
site for volatilization and perspiration, which is another
method of detoxification for harmful chemicals (Sun
et al., 2011). Ornamental plants require developed
stem tissue, and pollution tolerance and accumulation
are proportional to stem height as well as diameter
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Table 2: Chromium (Cr) tolerance in Ornamental plants

.. . Incubation
Ornamental . . Initial Chromium . .
S. No Cultivation site . Remediation rate  time references
plant name concentration .
(in Days)
. 30, 45
1 Zinnia Pot Experiments 25, 50, 75ppm NA and 60 Panda et al,
elegans 2020.
days
Cordase ) 0, 50, 100, 500, Akay and
2 rose Pot Experiments 1000 merkg NA NA Omar; 2022,
Tagetes . . 0, 100, and Intansari
3 erecta Growing media 500 mg/L NA NA et al., 2022.
Calendula . 5.20-6.40 Sahu et al.
4 officinalis L. Ot eXperiments mg ke—1 NA NA o,
Tagetes . Biswal et al.
5 erecta Pot experiments 30mg kgl NA NA 2022,
A non-cultivated
Convolvulus Gardea-Torresdey
6 arvensis L lot of.the . 80 mg/L NA 16 days et al., 2004.
experiment station
Red sandy .
Tagetes Chitraprabha and
7 erecta (L.) ;(():11121 y-loam 2 mg/L 4% 35 days Sathyavathi, 2018.
Indian spiked by Bhagwat et al.
8 marigold landfill leachate NA NA NA ,2023.
Silphium . 1 Nescu et al.
9 perfoliatum L. Pot Experiments 186.5 mg kg 15.25% NA 2022,
Nephrolepis . 250, 500, 750 475 to 2136 Sehrawat et al.
10 exaltata Pot experiments ma/ke ug ! 30, 60 days 2021,
. 0, 100, 500, .
11 Zlne’iz;z:sthus Greenhouses 1000, 5000, (1;'78 gle 3 months S;(())li(;) uetal
and 10,000 g/L y AU
Tagetes . 20-100 mg Pradhan et al.
12 erectd L Pot experiments K2Cr07 kgl NA 60 days 2023,
Catharanthus
13 roseus Pot Experiments 10, 20, 30, 40, 50, NA NA Ehsan et al.
. and 60 ppm. , 2016.
(Vinca rosea)
20.50 x 103
mg kg' , 408.97, 124.97,
14 Mirabilis Pot exberiments 51.25 x 103 630.16 and NA Miao and Yan
jalapa P me ke' | 57.30 , 2013.
102.50 x 10 mg kgl
mgkg!
Euphorbia . Ramana et al.
15 milli Pot experiments 50 mg/kg 80% NA 2014,
Impatiens direct injection 164.23 Campos et al.
16 walleriana tests mg kg! NA 10 days ,2017.
Miscanthus . 1976.81 0,1,3,5 Nie et al.
7 sinensis Pot experiments 200 mg/L mg/ kg and 7 days, , 2021.
. 0, 10, 50, 100,
18 Iris Pot experiments and 200 59.97 mg 5 weeks Caldelas et al.
pseudacorus L. , 2012.
gmll
Melissa . (02000 mg Rendina et al.
19 oHicinalis Pot experiments Crkg! soil). NA NA - 015,
Helianthus . 20, 40, and Fozia et al.
20 R Pot experiments 60 mg/ke NA NA . 2008.
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(Cay, 2016). The toxic metal absorption of ornamental
plants does not necessarily meet the characteristics of
a hyperaccumulator, but their faster growth and high
biomass allow for higher heavy metal accumulation
than hyperaccumulators (Marques et al., 2009).

The physiology behind heavy metal absorption
and transportation in plants

Toxic metal absorption, root captivation, root-to-
shoot transportation, cellular compartmentation, and
sequestration are some of the processes associated
with the accumulation and mobilization of heavy
metals in plants. Toxic metals mainly penetrate roots
via two different paths; symplastic (active diffusion)
and apoplastic (passive diffusion). Metal ion carriers
facilitate heavy metal uptake via the symplastic (active
transport) pathway, which is an energy-driven process
(Peer et al., 2005). Specific transporters (channel or
carrier proteins) mediate the heavy metal ion uptake by
the plasma membrane of plant cells and facilitate metal
transfer from roots to shoots by mediating influx-efflux
(Dalcorso et al., 2019).

Benefits of Ornamental plants as phytoremedia-
tors

Decorative plants are grown for their appealing quali-
ties such as flowers, leaves, scent, and general texture
of foliage. They are grown for landscape attractiveness,
ecotourism, and cut flowers in pots, gardens, and
landscape design projects (Nakbanpote et al., 2016).
Exposure to plants boosts human pleasure hormone-
like endorphin that improves our health and stress
recovery, provides a sense of calm, change people’s
mental states, and psychological and physiological
relaxation (Liu et al., 2017). Decorative plants are
grown not just for their beauty, but also to help clean
up the environment and generate income for landlords,
farmers, and for government through their by-products.
Most ornamental plants are non-edible so the heavy
metals accumulated by them do not enter into the
food chain. According to the findings, Tegetis erecta
shows 95% and Euphorbia millii shows an 80% of
phytoremediation rate (Table:02) which is quite high
so they will be a good resource for cleaning the
environment.

Limitation and futuristic approach

Phytoremediation is a time-consuming process.
Harvesting of these plants yields highly polluted bio-
waste, which, if not treated properly, can easily become
a secondary pollution source in other words shifting

the problem from one place to another (Gong et al.,
2018). After the phytoremediation of toxic metals,
disposal procedures include hydrothermal reactions,
incineration, pyrolysis, and gasification (Liu et al.,
2017; Gong et al., 2018) Acording to results obtained
by pyrolysis on 5000C of plant residues attained
after phytoremediation, could be reutilised for dye
adsorbtion (Gong et al., 2018). According to Wan
et al., 2016 in a two year phytoremediation project
conducted at Huanjiang Maonan autonomous county,
China and estimated expenditure study showed the
cost of phytoremediation is lower than the other
conventional techniques used for the removal of heavy
metals from polluted sites. Thus Phytoremediation is an
effective technique can be recommened for eradication
of soil pollutants due to its less expensive nature, more
cost effective, easier for use, environmental friendly as
compared to other conventional physical and chemical
cleanup techniques.

There are around 295,383 blooming plants scattered
across the world, yet there are extremely few instances
of decorative plant species retaining phytoremediation
capabilities (Table:2). There is a need to attract
researchers’ attitudes towards the green cleaning of
the environment by using ornamental plants so that
more accumulator plant species could be identified.
Future research and information required to investigate
the best dispose technique after phytoremediation and
suitable plant for site rehabilitation.

CONCLUSION

This review focused on the harmful effects of the
heavy metal chromium on the three main ecosystem
components—soil, plants and humans. Hexavalent
chromium is the most dangerous type of the metal.
Soil containing chromium has the ability to change its
pH and reduce microbial activity in the rhizosphere
of the cultivated sites used for growing economically
important plants which are major component of
Food chain and Food Web in an ecosystem. After
being absorbed and building up in plant cells, the
hexavalent form of chromium damages DNA, breaks
down proteins, inhibits photosynthesis, and can have a
negative impact on other physiological functions.

The absorbed and accumulated increased amount of
heavy metals in plant parts such as stem, leaves and
roots are consume by other organisms, in this way
heavy metals enters into food chain and create many
health hazards. Although numerous techniques are in
use to remediate heavy metals from agricultural soil but
they are quite expensive, less efficient and particularly
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not successful.

Phytoremediation is the cost effective environmental
restoration technology in which plants are used to
remediate the heavy metals from the soil, water and
air. Phytoremediation through ornamental plants is
more profitable because many of them are not edible
so there is very less risk to enter the heavy metals in
food chain. In addition to improve the appearance of
growth zone, ornamental plants also help to purify the
surrounding area by removal of toxic metals from the
soil, water and air. Decorative plants pose an impact
on people’s psychology and mental wellness. People
who are around plants tend to think more positively.
An individual can increase their income and expand

This review emphasises the phytoremediation activity
& role of reported ornamental plants for cleaning of
Chromium accumulated polluted sites in a eco-friendly
sustainable manner. More screening of Ornamental
plants for the identification of metal tolerant plant
species with a Phytoabsorbent quality towards heavy
metals is needed and expected for future research work.
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