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ABSTRACT

he exposure of heavy metals such as mercury, cadmium, arsenic, chromium,

thallium, and lead, and their interactions with soil and plants are of much concern

due to their potential health effect. Phytoremdiation is one method used by plants

to clean up soils contaminated with these heavy metals. Arsenic is a carcinogenic
substance that thwarts plant growth and causes skin cancer in humans, among other
health effects. Although arsenic decontamination by phytoremediation has been
reported, the literature is silent about the toxicity and edibility of the plant after arsenic
uptake. This study, therefore, assessed the toxicity of the Colocasia esculenta plant after
using it as a phyto-sorbent for four weeks in a simulated arsenic-contaminated soil. The
Bioaccumulation Factor (BAF) and the Translocation Factor (TF), calculated after the
experiment, were 1.43 and 1.60 respectively indicating its hyper-accumulative property
and high translocation of arsenic through the various parts. There was a decreasing trend
of arsenic concentration in the solution samples across the weeks, and an accumulation
of 58%, 28%, and 14% of arsenic in the stem, roots, and leaves of the plant respectively.
The results showed that Colocasia esculenta is a good accumulator of arsenic from the
soil. A comparison of the different arsenic levels recorded in the plant parts with
standards, presents a great concern in consuming this plant exposed to an arsenic-
contaminated environment. However, further studies should be conducted to ascertain
the bioavailable state of arsenic in the plant parts after its uptake.

Keywords: Arsenic, Toxicity, Phytoremediation, Colocasia esculenta, Edibility.

INTRODUCTION

Arsenic Poisoning and the Environment

The utilization of heavy metals from the earth’s crust through human activities and its
processing has resulted in the depositionof these metals on the surface of the earth.
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Heavy metals have the potential to
bioaccumulate in the environment since
they are non-biodegrade, hence
increasing the chances of polluting food
(Ali et al., 2019). Since heavy metals are
dangerous, there is the need to prevent
the risk and harm they bring, especially to
living things found in the environment.
Heavy metals are either carcinogenic,
mutagenic, teratogenic, or endocrine
disruptors causing disorder in neurons
and changes in attitude especially in
children (Mojiri et al., 2013; Ali et al.,
2019). As explained by Arif et al. (2016)
certain metal elements such as copper,
iron, manganese, molybdenum, nickel,
and zinc in the soil are necessary for the
normal growth and metabolism of plants
while other heavy metals like arsenic,
cadmium, mercury, lead can easily
prevent the healthy growth of plants since
they are not responsible for any known
physiological function in plants. The
poisoning of food is mostly from the

contaminated plant parts which are
transferred to animals and humans
through the food chain at higher

concentrations greater than optimal levels
required in the soil (Singh et al., 2011).
Most plants take up heavy metals
including arsenic, using their roots and
are transferred into their stems and leaves
where some are either lost, are broken
down to less harmful states, or are
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permanently stored (Chibuike & Obiora,
2014).

Arsenic is a naturally occurring heavy
metal present in the air, soil, and water
used as an industrial alloying agent, as
well as in the production of glass,
pigments, textiles, paper, metal
adhesives, wood preservatives,
pesticides, and feed additives. It seeps
into the environment through both natural
and manmade activities. Jang et al. (2016)
explain that sources of natural exposure
include weathering of rocks, volcanic
activity, and windblown dust
anthropogenic activities of man include
electroplating, gas exhaust, smelting of
metals, combustion of fuels, pesticides
usage, wood preservative, and acid mine
drainage (AMD). Arsenic can be grouped
into organic arsenic compounds (such as
those found in seafood) which are
relatively safe and inorganic arsenic
compounds (such as those found in
water) which is a known environmental
toxin and may exist as arsenite and
arsenate, with arsenite being the most
toxic, however, both are carcinogenic
(Tolins et al., 2014).

while

Arsenic poisoning is a medical condition
that occurs due to elevated levels of
arsenic in the body with lots of discomfort
in humans and growth malfunction in
plants (Davis, 2020). The accumulation of
arsenic throughout the food chain causes
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various disorders, producing potential

human health risks and ecological
disturbances (Singh et al, 2023). In
plants, arsenic is potentially toxic,

resulting in retarded growth, poor plant
yield, reduced nutrient absorption, plant
metabolism disorder, and an impaired
ability to fixate molecular nitrogen in
leguminous plants (Guala et al.,, 2010).
High exposures in humans can cause skin
and lung cancer, pulmonary sickness, skin
lesions, cardiovascular disease, diabetes,
black foot disease, brain development
retardation, hyperkeratosis, and even
mortality in young adults (Farzan et al.,
2013).

According to the arsenic fact sheet (Tolins
et al., 2014; Ng et al., 2003), World Health
Organisation’s (WHOQO'’s) provisional
guideline value for arsenic levels in
drinking water is 10 micrograms per litre
(ug/L), a range of 1-40 part per million
(ppm) with an average of 5 ppm for soil
and 20 ppm for most agricultural soil. As
a result of the harm caused to plants and
humans by the accumulation of arsenic,
arsenic uptake is of global concern due to
its tendency to be absorbed by plant roots
and transferred to man through the food
chain (Li et al., 2016).

Colocasia esculenta (Cocoyam

Plant)

Colocasia esculenta is a tropical plant
grown mainly for its edible root and
leaves. Its corm is a root commonly
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known by specific names in different
countries (Kalo in Hawaii, Arbi in India,
Madumbi in South Africa, cocoyam in
Ghana, Koko/Ede in Nigeria, etc.) It
belongs to the kingdom Plantae, Family
Araceae, Genus Colocasia and has a
species name, esculenta (Rashmi et al.,
2018; Hill, 1939). The petioles of the leaves
(stem) stand straight and tall and can
grow to lengths of about a meter. Its
leaves are shaped like hearts, are broad
and large as shown in Figure 1.

2 HIESAOGT e B R YOS A
Figure 1: Image of Cocoyam Plant (Colocasia
esculenta)

Cocoyam is among the many tropical
crops that grow in many countries,
serving as a source of carbohydrate and
food for more than 400 million people
around the world (Brown, 2000). It's also
known as one of the tropical tuber crops
such as yam, sweet potato serving as an
emergency food crop in many countries
such as Ghana, Nigeria, parts of India,
Japan, and in tropical countries where
they are grown (Owusu-Darko et al., 2014).

This plant is known to contain nutrients
that help the body to balance certain
dietary requirements and is crucial for a
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healthy functioning immune system.
According to Okpala (2015), cocoyam
contains no gluten, more starch, dietary
fiber, and higher protein contents than
similar tropical root crops. It also contains
thiamine, calcium, manganese, vitamin B,
vitamin C, vitamin E, magnesium, copper,
and riboflavin (Rashmi et al., 2018).
Cocoyam leaves are the most useful parts
of the plant because they do not only
serve as food but also contain plenty of
useful vitamins and minerals, and help
remove fats and improve major health
issues (Ukwu et al., 2022).

The high levels of iron and copper in
cocoyam makes important in the
prevention of anemia and improved
circulation throughout the body, which
aid in the production of the red blood
cells that transport oxygen throughout the
body’s system and cells (Okpala, 2015).
The health benefits of cocoyam include;
cancer prevention, reduction in symptoms
of arthritis, regulation of blood pressure,
immune system booster, maintaining
digestive health, reducing muscle cramps,

boosting vision (sight), preventing
diabetes, and, hydrating the skin
(Appiyah, 2017).

Roasting, boiling, frying, baking,

pounding, milling among others are ways
through which cocoyam is prepared for
consumption and use. In Ghana, Nigeria,
Cameroon, Cote D'lvoire, and other
countries, the corm is cooked and
prepared into dishes such as ampesi,
akaw, fufu, '3to’, ‘'fried chips and
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mpotompoto, among others. The leaves
are used to prepare dishes like palava

sauce, 'kontomire', ‘abomu’, and
'‘abunuabunu’. According to Jennings
(2009) and Rao et al. (2010), the

processing of the root of the plant into
flours enhances its economic value by
enabling its storage and later use. Snack
and food processors and manufacturers
can use the plant to produce healthy
snacks that are ready to eat or
complementary foods that are ready to
prepare.

Phytoremediation

Several ways exist for the cleaning and
protection of the environment and green
spaces, and one major way is the natural
processes of plants as they clean the air.
Plants do this by taking up carbon dioxide,
one of the major greenhouse gases, and
release back into the environment,
oxygen. Some plants use their roots to
remove potentially harmful pollutants
from the soil, collect and store the toxins
in their cells, or make them less toxic
(Chibuke & Obiora, 2014). This discovery
has resulted in the use of several plant
species that can help draw out heavy
metals like  mercury, cadmium,
nickel, lead, arsenic, and other toxins from
the soil. Phytoremediation thus refers to
the use of plants and associated soil
microbes to reduce the concentrations or
toxic effects of contaminants in the
environment (Greipsson, 2011; Ali et al.,
2013). Phytoremediation applies to all
processes (chemical or physical) that
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involve the use of plants for soil and
groundwater degradation of pollutants. It
is the natural ability of plants known as
hyperaccumulators to bioaccumulate,

degrade, or render harmless
contaminants in soils, water, or air
(Phillips, 2021). The concept of

phytoremediation has been utilized in the
removal of heavy metals, and many
researchers have employed the use of
sunflower (Helianthus annuus), or the
Chinese Brake fern (Pteris vittata), and
Cocoyam Plant (Colocasia esculenta)
among others for the remediation of
arsenic, and most of them have yielded
interesting  findings and expanded
knowledge on arsenic phytoremediation.

Previous Works

The challenge of arsenic contamination
and poisoning across theworld had
necessitated research on the removal or
reduction of the concentrations of arsenic
in the environment by the use of
Colocasia esculenta, and some of these
key researches on this subject are
highlighted. Manirul et al. (2015) evaluated
arsenic accumulation by C. esculenta
using different concentrated arsenic
contaminated soil and monitored the
experiment from July to October. The
plants were grown on the soil for this
period, and it was observed that the plant
properties and growth  decreased
significantly as the arsenic contamination
level in the soil increased. The study
confirmed the accumulation potential of
arsenic in the plants’ leaves and its runner.
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Aksorn and Visoottiviseth (2004), also
studied the plants suitable for the removal
of arsenic from water. The plants used
were Typha spp, Canna spp, Colocasia
esculenta, Heliconia psittacorum, and
Thalia dealbato J. Fraser. Their experiment
lasted for 28 days and a concentration of 1
mg/L arsenate was used. It was
discovered that Colocasia esculenta was
the best plant for the removal of arsenic
from the water, and most of the arsenic
accumulates in the plant roots. To identify
the ability of some plants to decrease
arsenic pollutants from thermal energy
wastewater using the phytoremediation
process, Yanuwiadi et al. (2013) used
Monochoria vaginalis, Salvinia molesta,
and Colocasia esculenta for an experiment
conducted from June to August. Parts of
the plants were digested in Acid and

analyzed using Atomic  Absorption
Spectrophotometer (AAS) after the
stipulated period. The results indicated no
significant difference in arsenic

absorption among the plants. Jomjun et al.
(2010) confirmed that Colocasia esculenta
can remove arsenic about 68 mg
As/m?/day, and was considered as one
with the fastest ability to absorb arsenic in
wetland environments.

All research yielded positive results and
have confirmed the possibility of arsenic
to be remediated by the cocoyam plant
(Colocasia esculenta). However, the
literature on arsenic phytoremediation
using Colocasia esculenta has failed to
analyze the toxicity of the plant after its
absorption study. Since this plant is edible
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and serves as a source of food for millions
of people, there is the need to analyze the
toxicity of this plant exposed to an arsenic
contaminated soil or C. esculenta used for
arsenic accumulation (phytoremediation).
This study, therefore, investigated the
toxicity and edibility of a cocoyam plant
(Colocasia esculenta) grown in arsenic-
contaminated soil.

RESOURCES AND
METHODS USED

Study Area

Soil sample weighing seven kilograms (7
kg) was collected from a site opposite the
main gate of the University of Mines and
Technology (UMaT), Tarkwa, a garden
where two (2) Colocasia esculenta
(cocoyam) plants of relatively equal width,
height, and biomass were also uprooted
for this study. The site where the soil and
plant samples were collected can be

<
:

Figure 2: Location of Sampling Site
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located a distance away from the main
gate of the wuniversity campus, a
community known as ‘Kamponase’ in the
Tarkwa Nsuaem Municipal area. The site in
question is known to be very fertile for
plant growth since it is a garden on which
pepper and tomatoes are grown for
personal use.

Materials Used

Two (2) mini buckets, 6 liters each, were
purchased from the Tarkwa market. The
standard arsenic solution, a four thousand
(4000) um screen, an electronic balance,
measuring cylinder, concentrated nitric
acid (HNOs), concentrated hydrochloric
acid (HCl), pH meter, and an electric
burner were available at the Minerals
Laboratory of UMaT. Shimadzu UV-3600
Plus Ultraviolet Spectrophotometer (UV)
was used to read the arsenic
concentrations  after the  analysis.

C %
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Sampling and Preparation

Samples from soil and plant parts (stem,
leaves, and root) were taken at the
beginning of the project for analysis to
ascertain the arsenic levels already
present in them before the planting and
monitoring period. The soil and plant
samples collected were air-dried and
sieved using the 4000 um screen to get
rid of rubbers, nails, stones, and other
foreign materials and portions were taken
for acid digestion from which solution
samples were collected for UV analysis.
The sample was further sub-divided into
two and each of the two planting buckets
were filled with the sub-divided soil
sample (3000 g) measured using the
electronic balance. The two (2) buckets
were labeled to represent setups X (main
experiment) for 10 ppm arsenic and setup
Y (control experiment) for no arsenic
addition. A pulp density of 50% solids was
prepared for both setups, and 3000 ml of
de-ionized water was added to setup Y.
For setup X, 10 ppm concentration of
arsenic was prepared, out of a 10,000
ppm standard solution, in 3000 ml of de-
ionized water. The constituents of both
setups were mixed thoroughly to obtain
homogeneity.

Planting

The two Colocasia esculenta plants were
planted in setups X and Y respectively.
The setups were left in the open
environment for four (4) weeks to mimic
the behavior of plants in contaminated
environments. The plants were allowed to
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grow, and the growth efficiency was
monitored throughout the experiment.
Solution samples were taken at the
beginning of the experiment, day three,
and on weekly basis for the entire period
of the experiment. From time to time, de-
ionized water was added to all two setups
to ensure constant plant growth and to
compensate for the water that was lost
through plant transpiration and
evaporation. Figure 3 shows the setup
with fresh cocoyam plants at the
inception of the experiment.

Figure 3: Setup after Planting at O hrs

Sample Analysis

All acid digested samples at the start of
the experiment and solution samples
taken during the four-(4)-week period, as
well as the solid samples digested in acid
after the experiment, were analyzed in the
Environmental Monitoring Laboratory in
UMaT wusing a SHIMADZU UV-3600
Analyser. The sampling points selected for
the Ultraviolet (UV) analysis are presented
in Table 1.
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PARTS AND TYPE OF ANALYSIS
SOIL, LEAVES, STEM, AND ROOT
ACID DIGESTION

SETUP X SETUP Y
SAMPLE TYPE (10 ppm) (O ppm)
Solution v None
Solution v None
Solution v None
Solution v None
AFTER WEEK 4 (ACID DIGESTED SAMPLES)
SAMPLES SOIL v v
TAKEN AFTER | LEAVES v v
THE ROOT v v
EXPERIMENT STEM v v
RESULTS contaminants have the tendency of

Physical Assessment

In the assessment of the plants’ toxicity
after exposure to an arsenic-contaminated
environment, physical examination aside
from the UV analysis was conducted
weekly to establish the growth and
adaption progress of the plant in its
surrounding. Contaminated soil has the
potential of transporting toxic materials
into the plants in its surrounding through
xylems in plants' roots. These

retarding plant growth and may be
observed in the growth process of the
plant (inability to grow and reproduce).
However for this experiment, within the
first week, as depicted in Figure 4, both
plants went through adaptation to the
new environment, with the original leaves
withering and falling off. By the end of the
third week (Figure 5), the plants had
adapted to their environment with new
leaves seen to have sprouted up, and by
the end of the fourth week, the plant had
grown fully and a positive growth process
was observed. The normal growth of the
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plant across the weeks portrays the ability
of a Colocasia esculenta plant to strive
and adapt well even in harsh soil
conditions. Although naturally, some soil
contains arsenic and tend to be a major
resting place after its release from the use
of pesticides, paint products, and mining
activities (Tajer, 2019), the entirety of a
Colocasia plant needs to be checked even
though it adapts and grows well in an
arsenic-contaminated environment. The
soil, plant, and arsenic interactions during
and after the experiment are further
discussed.

Figure 5: Setup within the Third Week

Soil - Plant Interaction

According to Fisher (2018), soil plays a
crucial role in a plant’s growth because it
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contains and provides nutrients, water,
heat, oxygen, and physical support
required for good plant growth. Most
plants do not exhibit early signs of heavy
metal poisoning although most minerals
in the soil dissolve in water and become
available to them for uptake at any time.
The concentration of arsenic in the soil
samples and the plant parts analyzed by
acid-digestion before the inception of the
experiment showed no significant amount
of arsenic present in the soil and the root
of the plant, while high levels of 8.5 mg/I
and 4.4 mg/l As was recorded in the
leaves and the stem of the plant,
respectively (Figure 6). These levels may
be attributed to naturally existing arsenic
levels in the soil as a result of exposure to
small-scale mining activities, discarded
batteries, wires, and arsenic-containing
sources like paints and pesticides. There
are no recorded arsenic levels in the soil
because, many metals move through the
soil to a plants’ root and up its shoot as a

result of concentration gradients of
nutrients from high to lower
concentrations  (Fisher, 2018). This

mechanism allows some metals to be
selectively absorbed up the plant
rendering concentrations in the
surrounding environment (soil) to be
lower than in the plant.

From the experiment, there were changes
observed in the plant's physical growth in
terms of adaptation because the plants
showed positive growth over the weeks
and had adapted to their surrounding
environment by the second week. The
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concentration levels of arsenic in the soil
and plant parts also took a drastic change
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the levels in the soil and plant parts did
not remain as that recorded at the

due to the mechanism of translocation as inception of the experiment.
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Figure 6: Arsenic Concentration before Planting

Bioaccumulation and
Translocation of Arsenic

The observed arsenic concentrations in
the leaves, stem, and root of the plant
were used to measure the
Bioaccumulation  factor (BAF) and
Translocation factor (TF) to determine
whether Colocasia esculenta can be
categorized as an accumulator or
stabilizer (Arnot & Gobas, 2006). The
arsenic concentrations in the filtrates after
analysis were used to calculate these
factors which is a measure of a plant’s

ability to accumulate the concentration of
a metal in the surrounding soil (Ghosh and
Singh, 2005) and its ratio/distribution
between the root and the plant shoot
respectively. These two factor-indices
were used to check the degree of transfer
of arsenic from certain parts of the plant
to other parts and also the levels of
arsenic accumulated in the various parts.

The Translocation Factor (TF) and
Bioaccumulation factor (BAF) were
calculated using Equations 1 and 2
respectively to explain the great changes
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noticed in the concentration of arsenic in
the soil and the plant parts. According to
Wang et al. (2019) plants with a BAF >>1
are considered as accumulators and TF
>>1 indicates a plants’ high translocation
capacity and its ideality for
phytoabsorption whereas TF <<1 is ideal
for phytostabilization (Yoon et al., 2006).

TF = Arsenic concentration in shoot (1)
Arsenic concentration in soil/solution
Arsenic concentration in plant
BAF = 2)

Arsenic concentration in soil/solution

The calculated BAF across setup X
indicates that Colocasia esculenta is a
potential hyperaccumulator of arsenic
demonstrated with a high BAF of 1.43 as
shown in Table 2. The TF as shown in
Table 2 indicates that a significant
amount of arsenic was translocated to the
shoot (leaves and stem) from the root and
soil.

Since higher TF values are expected in
plants for better ability to transport metals
from roots to shoots, hence its
importance in phytoremediation (Wang et
al., 2019), Colocasia esculenta can be
considered for this purpose. The
translocation of arsenic from the stem to
the leaves was very minimal, and this
explains why most of the arsenic was
concentrated more in the stem than the
leaves. The lower TF value of 0.26
calculated for translocation from the stem
to the leaves indicates this plant is a good
phytostabilizer and can be considered for
the process of phytomining. However,
these uptake factor values calculated
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explain the qualitative aspect of

accumulation and translocation rather
than the quantitative one.
Setups | Stem | Leaves TF BAF
Setup X | 5.34 1.26 1.43
Setup Y 2.93 0.33 -
Root-Stem 212 -
Stem-Leaves 0.26 -
Corm-Shoot 2.62 -

Table 2: Bioaccumulation and Translocation

Factors

Arsenic Concentration in Solution

The absorbance against wavelength graph
shown in Figure 7 depicts the trend of
arsenic concentration in the solution
samples collected on the first and third
day as well as the first and second weeks.
This graph is a plot of arsenic absorbance
in the samples collected over the weeks
against wavelength (nm) with values
comparable to an arsenic known
standard. This analysis was conducted for
the main experiment (Setup X) to monitor
arsenic left in the planting solution over
time. It can be inferred from the
comparison that there was a negative
correlation with increasing days as the
level of arsenic in solution decreased over
days and ended up with almost nothing in
solution by the second week. The 10 ppm
arsenic concentration in the soil at the
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inception of the experiment was shown to
have reduced across the days and almost
showed less arsenic absorbance by the
later weeks indicating the potential of
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arsenic uptake from the soil and up the
Colocasia esculenta plant over the
observed period.
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Figure 7: Arsenic Absorbance against Wavelength (nm)

Arsenic Levels in Soil and Plant
Parts after Experiment

Setup Y (Control) showed lower levels of
arsenic as compared to the main
experiment with the highest
concentration recorded in the soil (Figure
8) for setup X. The soil and root which
initially had no amount of arsenic at the
inception of the experiment had increased
arsenic concentrations whilst the leaves
which had the highest concentration
before the experiment gave off most of
their arsenic resulting in its arsenic
reduction. There were changes in arsenic
levels in both experiments as compared to
the initial levels already present in the

plant. Some parts lost arsenic while others
reduced, and this can be explained based
on the various exchange mechanisms that
take place in plants. Arsenic translocation
efficiency from the roots to the shoots
affects its tolerance in plants and
determines the ability of the Colocasia
esculenta to accumulate arsenic (Li et al.,
2016). However, most edible parts of a
plant as a result of long-distance
translocation of arsenic, results in
accumulation in its edible tissues, posing
serious risks to human health. In this
study, the long distance transport
mechanism resulted in the tissue transfer
of arsenic from the leaves and roots to
other parts concentrating more in the
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Comparing the initial and final
concentrations of arsenic in the various
plant parts across the setups, the levels of
arsenic in the control experiment (setup Y)
existed from arsenic already present in
the plant’s leaves and stem before the
experiment. In Setup X, the highest
arsenic level was recorded in the soil after
the experiment although no significant
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samples taken by the last week indicating
the potential of arsenic to stay in soil with
fewer traces in solution for plant uptake as
a result of its change of state. Increased
levels of arsenic in the experimental setup
by comparison with the control indicates
the uptake and translocation potential of
arsenic in the soil through different
mechanisms up a Colocasia esculenta

amount was shown in the solution plant into its parts.
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Figure 8: Arsenic Concentration after the Experiment

There was a major change in
concentration in the plant parts, and this
was due to the translocation of different
levels of arsenic across the parts as
explained with the arsenic levels in
solution over time. The loss of arsenic
found from the deduction of arsenic in the
plant before and after the experiment is
due to phytovolatilization and
transpiration which is the loss of water
and some chemical compounds from a

plant into the environment through the
leaves of the plant. In this mechanism

STEM ROOT

contaminants present in the water that is
taken up by the plant, pass through the
plant and/or are modified by the plant,
and are released to the atmosphere as
vapor. Comparatively, Figure 9 shows the
arsenic distribution across the plant parts
expressed in percentage at the end of the
fourth week. It can be seen that majority
of the metal was accumulated in the stem
followed by the root and the leaves with
percentage values of 58%, 28%, and 14%
respectively.
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Alternatively, Figure 10 shows the graph
of absorbance against wavelength based
on the UV-VIS analysis for Setups Y and X,
respectively, after the experiment
depicting the trend of arsenic present in
the plant part. Figure 10 (a) and (b)
represent the comparison made between
the control (Setup Y) and the main
experiment (Setup X). The peaks show the
level of arsenic absorbance recorded in
the solution samples analyzed. Arsenic
absorbance trend in the control
experiment was of the format Stem > Root
> Soil > Leaves and was also of the format
Soil > Stem > Root > Leaves for the main
experiment. This varying trend in arsenic
uptake in the two experiments shows that
there is no definite order for arsenic
uptake and storage in a C. esculenta plant,
however, arsenic will be absorbed up
through the plants’ root and translocated
to its shoot over some time.

=% LEAVES
9% ROOT
9% STEM

Figure 9: Arsenic in Plant Parts after Experiment
(Setup X)
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Plant Edibility

As a result of the carcinogenic effect of
arsenic in humans the World Health
Organisation’s (WHO) permissible level of
arsenic in foods and drinking water is
0.001 ppm or 10 pg/L (Rahman et al.,
2010), and a range of 1-40 ppm with an
average of 5 ppm arsenic recommended
in most soil (Ng et al, 2003), for
agricultural  purposes. According to
arsenic facts sheets, water above this
level is not safe, hence not recommended
for domestic use, and all these standards
are approved by the Food and Drugs
Authority (FDA) as well as the
Environmental Protection Agency (EPA).
By comparison of the arsenic levels in the
C. esculenta plant after the experiment as
shown in Table 3 with these
recommended standards, the arsenic
levels observed are higher than expected.
The initial and final arsenic levels in the C.
esculenta plant in this study indicate the
potential of arsenic to be accumulated
and translocated in its tissues somehow
over some time and this is a great threat
to plant and animal life. Although most of
the arsenic was accumulated in the stem
which is not edible, the consumption of
this plant (leaves and root) s
.questionable, taking into consideration
arsenic poisoning through the food chain
since knowledge of the arsenic state
(organic/inorganic) contained is not
known
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Figure 10: Arsenic Absorbance in (a) Control and (b) Main Experimental Setup

Arsenic in Plant Parts (mg/I)
Plant Part Initial Setup X Setup Y
(10 ppm) (0 ppm)
Leaves 8.50 1.26 0.33
Root 0.00 2.52 1.01
Stem 4.40 5.34 2.93

Table 3: Arsenic in Plant Parts

CONCLUSION

This study has shown Colocasia esculenta
is a potential plant for arsenic uptake from
contaminated soil and water. The evident
indicators of arsenic uptake analyzed in
this experimental work showed high
Translocation Factor (TF) and
Bioaccumulation Factor (BAF) values of
greater than 1. The BAF value greater than
one (>1) establishes that Colocasia
esculenta is an accumulator or
hyperaccumulator. The higher TF value
calculated for the soil to the shoot

indicates the plant’s high translocation
factor, hence ideal for phytoabsorption.

The lower TF value of 0.26 for the stem to
the leaves indicates that this plant is a
good phytostabilizer and can be
considered  for the process  of
phytomining. UV analysis conducted on
the weekly samples taken showed a
declining trend in arsenic concentration
levels confirming the uptake process.
With a focus on the plant, the highest
arsenic level was recorded in the stem at
58% followed by the root at 28% and the
leaves at 14%. By comparison with the
World Health Standard, it is not advisable
to consume cocoyam planted in an
arsenic-contaminated area and, hence, its
edibility is questionable. Based on the
results obtained, care is to be taken as to
where Colocasia esculenta plants are
planted, its source of irrigation, and the
nature of its environment when it is grown
as a source of food. Laboratory
experiments should be conducted to
know the state of arsenic (organic or
inorganic) in the Colocasia esculenta plant
after arsenic uptake to know the level of
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its toxicity before it is generally used for
phytoremediation  processes. Further
works could be done to establish the
actual mechanism of arsenic uptake by
the cells of the plant and the metal
inventory in the plant cells. Field studies
can also be performed for an extended
number of months to ascertain the arsenic
uptake potential and trend of the plant
over an extended period.
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