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Abstract—Heavy metals are prevalent environmental
pollutants that pose significant concerns due to their
toxic, persistent, and non-degradable characteristics.
The biological factors associated with metals in plants
are crucial for the phytoremediation process, as they
provide insights into the plants' capacity to uptake
metals, their translocation within plant tissues, and their
storage in above-ground biomass. This information is
essential for identifying suitable macrophytes capable of
absorbing substantial amounts of these elements.
Consequently, this study aims to assess and evaluate the
Bioconcentration Factor (BCF), Bioaccumulation Factor
(BAF), Metal Enrichment Factor (MEF), and Metal
Translocation Factor (MTF) of the submerged
macrophyte species Ceratophyllum demersum through a
hydroponic bioassay.

The hydroponic bioassay was conducted from June 2018
to December 2022, exposing Ceratophyllum demersum to
a mixed metal solution to evaluate its ability to absorb,
transfer, accumulate, and enrich heavy metals, thereby
determining its potential for phytoremediation
applications. The findings of this study highlighted the
phytoremediation  capabilities and accumulation
patterns of ten heavy metals: As, Cd, Cr, Co, Cu, Fe, Mn,
Ni, Pb, Sr, and Zn across various plant organs of
Ceratophyllum demersum. The results indicated that the
order of BCF for the metals analyzed is Fe > Zn > Mn >
Cu >Pb > Cd > Cr > Co > As > Ni > Sr, while the order
of MEF is Fe > Zn > Mn > Cu > Cd >Pb > Cr > Co > As
> Sr > Ni. The BAF for the studied metals follows the
order Zn > Fe > Mn > Cu > Cd>Pb>Cr > Co > Sr > As
> Ni, and the MTF is ranked as Zn > Sr > Fe > Cu > Cd
> Mn > Pb > As > Co > Cr > Ni. Notably, Ceratophyllum
demersum acts as a hyperaccumulator for Zn, Fe, Mn,
Cu, Cd, Pb, Ni, Co, Cr, and As, with the exception of Sr,
which has a BCF of less than 1.
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. INTRODUCTION

The contamination of aquatic ecosystems by heavy
metals poses significant environmental and public
health challenges. Unlike other pollutants, heavy
metals are non-biodegradable and tend to accumulate
within living organisms [1], [2]. This issue has become
increasingly pressing in contemporary society due to
its widespread occurrence, the complexities involved
in remediation, and the substantial risks it poses to
human health [3], [4]. In India, traditional physico-
chemical methods for cleaning heavy metal
contamination are often prohibitively expensive and
technologically demanding, costing as much as Rs.
25,000 per cubic meter of soil or wastewater, making
them largely impractical for developing nations.
Consequently, there is a growing interest in alternative
remediation strategies, such as phytoremediation. In
recent decades, research has highlighted the potential
of certain plant species to remediate metal-
contaminated sites, particularly their remarkable
ability to absorb heavy metals at concentrations up to
100 times greater than those typically found in their
aerial parts [5],[6].

Numerous experts and authorities have acknowledged
the potential of phytoremediation, referring to it as
"green technology” [7], [8] & [9]. Despite this
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recognition, there have been limited practical efforts
to harness these potentials, particularly in light of the
widespread heavy metal contamination across various
regions of the country. Most phytoremediation
research has primarily focused on mining areas [10]
often overlooking or giving minimal attention to other
locations that may also be affected by similar heavy
metal pollution. Aquatic macrophytes found in rivers,
marshes, and other water bodies present a promising
solution to address heavy metal contamination. Plants
are classified into three categories based on their
growth strategies in metal-contaminated soils: metal
excluders, indicators, and accumulators or
hyperaccumulators [6], [9].

Metal excluders are plant species that effectively
restrict the movement of heavy metals within their
structure, maintaining relatively low concentrations in
their aerial parts across a variety of soil conditions;
however, they may still accumulate significant
amounts of metals in their root systems. Metal
indicators are plants that gather metals in their
aboveground tissues, with the metal concentrations in
these tissues typically mirroring the levels found in the
surrounding soil. Nevertheless, persistent absorption
of heavy metals can lead to the decline of these plants.
Metal accumulators, also known as
hyperaccumulators, are species that can concentrate
metals in their aboveground tissues at levels
significantly higher than those found in the soil,
wastewater, or in nearby non-accumulating species.
These plants have the ability to extract heavy metals
from the soil and store them in their shoots. Given this
context, it became evident that prior to developing
phytoremediation strategies for wastewater, it was
essential to first assess the response of aquatic
macrophytes to heavy metals. The current study aims
to evaluate the phytoremediation potential and
accumulation characteristics of ten heavy metals—As,
Cd, Cr, Co, Cu, Fe, Mn, Ni, Pb, Sr, and Zn—in various
organs of the Ceratophyllum demersum macrophyte.
The concentrations of metals measured were utilized
to calculate the Bioconcentration Factor (BCF) and the
Translocation or Transfer Factor (TF), which
quantitatively indicate the plants' tolerance or
avoidance of these metals.
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2. MATERIALS AND METHODS

A. Overview of Ceratophyllum demersum
Macrophyte:

Ceratophyllum derives its name from the Greek words
"keras," meaning 'horn," and "phyllon," meaning 'leaf,’
which describes the horn-like appearance of its leaf
branches. The term "demersum" comes from the Latin
"demerge,” which translates to 'sink’ or ‘plunge,’
highlighting the plant's tendency to grow submerged.
Commonly known as ‘hornwort,’ this plant is
recognized for its distinctive leaf structure. In India, it
is referred to by various names, including
ambuchamar, ambutala, araka, hathaparni, haval,
honaal, Jalaja, jalakesha, jalakuntala, jalanchana,
jalamandapi, jalanili, jalaprishthaja, jalashuka, ka,
karimpayal, kavara, Manjula, nasu, neeti sambraani,
saivala, saivalah, salilakundala, sevar, shaiwal,
shaiwar, sheoyala, sheshana, shevala, shivala, sivara,
and souvala [11], [12].

Ceratophyllum demersum is a perennial macrophyte
that typically grows with its stem base embedded in
sandy or silty substrates. It is commonly found floating
in stagnant or slow-moving waters. This delicate, free-
floating aquatic plant lacks roots but is characterized
by its dense foliage, which can resemble a bushy
animal tail at the tips. It reproduces both vegetatively
and through seeds. Hornwort thrives in warm, shaded
waters with gentle flow (approximately 1 cm per
second) and is sensitive to turbidity and salinity. This
aquatic plant enhances water oxygenation, serves as a
food source for herbivorous species, and is seldom
problematic. Ceratophyllum demersum, commonly
known as Coontail due to its compact whorls
resembling a raccoon’s tail, or Hornwort, is a
cosmopolitan, perennial, obligate aquatic plant. The
name "hornwort" derives from the Greek words
"keras," meaning horn, and "phyllon,” meaning leaf.
This species has been a part of the aquarium trade for
many years and is readily available. It is also
commonly found as a substrate in ponds [13].
Ceratophyllum demersum is a perennial submerged
macrophyte that typically thrives with its stem base
anchored in muddy or silty substrates.

B. Collection and Sampling of Ceratophyllum
demersum:

Natural and artificial water bodies, including both
stagnant and flowing waters as well as reservoirs, were
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surveyed for the presence of Ceratophyllum
demersum. The macrophytes were manually observed,
sampled, and collected from the Marathwada study
area without inflicting any physical harm. They were
uprooted or sampled using appropriate scientific
techniques, rinsed with water to eliminate excess dirt
and mud, and carefully wrapped in paper. The
collected specimens were in a fresh, green state and
placed in adequately sized transparent polyethylene
bags. Each sample contained at least ten healthy
macrophytes. These were replanted within four to five
hours of collection to acclimatize in metal-mixed
synthetic wastewater within rectangular test chambers
measuring 1 meter by 1 meter and 10 cm deep,
maintaining a 2 cm freeboard.

A separate collection of samples was taken to the
laboratory, where they were rinsed with gently
flowing tap water while adhering to appropriate safety
measures, air-dried, and identified using various
literature sources for qualitative floristic data, focusing
on species and community characteristics rather than
solely on their physical structures and appearances.
The photographs and samples were forwarded to
botanical research specialists in the relevant fields for
verification and confirmation of the identified
information, including essential details, prior to
drawing final conclusions, thereby providing an
authentic and supportive second opinion. The
macrophyte Ceratophyllum demersum was chosen for
this investigation due to its local prevalence, allowing
for collection from any area within the study region for
further research.

C. Studies on Metal Accumulation Potential:

The macrophytes were selectively thinned by
eliminating those that were infected or unhealthy. The
remaining healthy specimens were then relocated to a
laboratory-scale test bath. These test baths,
constructed from small plastic tanks, were designed to
assess the adaptability of the macrophytes to the new
local conditions. The selected healthy macrophytes
were subjected to the local climatic environment for a
sufficient duration to ensure they acclimated and
achieved full growth in a synthetic wastewater test
bath containing metals. In this study, the
acclimatization period was set at one month. Growth
continued for an additional month in a metal-mixed
synthetic wastewater test bath, utilizing stock
solutions with concentrations of 100 ppm. The bath
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solution was freshly prepared to contaminate tap
water, allowing for the periodic creation of the
synthetic wastewater test bath, alongside a control set
without synthetic wastewater. Various metal salts,
including NazAsO4-12H,0, CuS04-8H;0, PbO,
FeS04-7H,0, CdS04-8H,0, NH4SO4-NiSO4-6H,0,
CO(NO3)2'6H20, ZnSO4-7H20, SI’(OH)z, and
MnClz-4H,0, were utilized according to established
standard procedures [14],[15],[16] & [17]. Following
the designated growth period, the macrophyte plants
were harvested and analyzed to determine their
capacity for metal accumulation, with adjustments
made to account for the control group results using
normal water. This assessment aimed to evaluate their
potential and suitability for application in
phytoremediation processes. The  complete
methodology employed for assessing heavy metal
absorption capabilities is outlined below:

The plant materials of Ceratophyllum demersum were
initially rinsed with tap water before being transported
for laboratory analysis. They underwent a second wash
with gently flowing tap water, followed by a rinse with
double distilled water to eliminate any dirt and
impurities. The macrophyte samples were then air-
dried and cut with stainless steel scissors to separate
the shoots, roots, stems, and leaves. Each of these
components was oven-dried at 60 °C until a constant
weight was achieved, then ground in a pestle and
mortar to create a homogeneous mixture, which was
subsequently stored for analysis. For the determination
of metal content, 500 mg of each plant material was
digested using H.O, and H,SO.. The resulting
digested aliquot was analyzed for various heavy
metals using appropriate methods. The heavy metals
from the prepared aliquot were examined using
Atomic Absorption Spectroscopy (AAS) and Gas
Chromatography (GC) in other laboratories, based on
sample and metal-specific rates, or through suitable
methods referenced from credible literature or
research publications, depending on the availability of
necessary facilities for the required analysis. The
methods employed for analysis encompassed a variety
of techniques, including the Cobalt by cobaltous
pyridine method, the Iron (Fe) analysis via the
Dichromate method, and the Zinc (Zn) assessment
using the EDTA Complexometry-Back Titration
method, Manganese (Mn) was analyzed using
Volhard’s method, while Copper (Cu) was determined
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through  Sodium  Thiosulphate titration, with
confirmation provided by the Spectrophotometric
method [18]. Lead (Pb) was assessed using the EDTA
Complexometric method, and Manganese (Mn) was
also analyzed via the Periodate Oxidation Method.
Chromium was evaluated using the Diphenylcarbazide
Spectrophotometric method [19] (IBM, 2012), and
Cadmium (Cd) was analyzed through a
spectrophotometric approach [20]. Additionally,
Chromium  (Cr) was assessed using the
Diphenylcarbazide Method [21]. and Cobalt (Co) was
analyzed through a colorimetric method [22].

A collection of samples was processed and digested
using an automated program in the NuWav-Ultra
Microwave Digestion Extraction System. The metal
contents, including As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb,
Sr, and Zn, were analyzed in another laboratory using
the Shimadzu Atomic Absorption Spectrometer 6300
model and the Agilent 725 ICP-OES instrument for
confirmation, as required. Most results were validated
through random cross-checks against established
standard methods to ensure analytical simplicity and
accuracy, as referenced in various studies [23, [24],
[25], [26], [27], [28], [29], [30], [31], [32], [33], [34],
[35] , [36].

D. Chemicals and Reagents

All chemicals, reagents, and solvents utilized in this
research were of analytical reagent grade or possessed
the highest levels of purity, and they were prepared
fresh prior to application. Doubly distilled water was
consistently employed throughout the experimental
procedures. The glassware was meticulously cleaned
by soaking in acidified solutions of potassium
permanganate (KMnQO.) or potassium dichromate
(K2Cr207), followed by treatment with concentrated
nitric acid (HNOs) and several rinses with doubly
distilled water. Calibration curves, which acted as
standard references for solutions with known
concentrations of the respective metals, were
established. These curves were subsequently used to
ascertain the concentrations of substances in unknown
samples. The calibration curves for heavy metals were
specifically applied in the analysis of concentrations
within the test samples.

E. Assessment of Factors Affecting Heavy Metal
Mobility Potential:
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The capacity of Ceratophyllum  demersum
macrophytes to facilitate the movement of heavy
metals from contaminated substrates into their root
systems, as well as their ability to store these metals in
various plant tissues, was analyzed. This evaluation
encompassed the transfer of metals from the roots to
the above-ground harvestable parts and the potential
for metal accumulation. Several metrics were
employed in this assessment, including the bio-
concentration factor (BCF), bioaccumulation factor
(BAF), metal translocation factor (MTF), and metal
enrichment factor (MEF). These indicators were
utilized to determine the viability of using
Ceratophyllum  demersum macrophytes  for
phytoremediation, offering significant insights into
their effectiveness in restoring metal-polluted
environments.

I. Bioaccumulation Factor (BAF):

The bioaccumulation factor (BAF) quantifies the
degree to which a substance, particularly a heavy
metal, accumulates within an organism or biological
system. For heavy metals, the BAF is defined as the
ratio of the concentration of the heavy metal present in
the organism to its concentration in the surrounding
environment.

The Bioaccumulation Factor (BAF) was determined
using the following formula:

BAF = [Concentration of heavy metal in aerial parts] /
[Concentration of heavy metal in the source]

For specific metal, it can be expressed as;

[Metal content in aerial parts]
BAF wmetal =

[Metal Concentration in Source]

= Cap/Cww
Where BAF et Stands for bioaccumulation factor for
a specified metal, Cap represents specific Metal
Concentration in aerial parts expressed in mg/kg and
Cww represents Metal Concentration in growth
environment-source like wastewater expressed in
mg/Kkg.

I1. Bioconcentration Factor (BCF):

The bioconcentration factor (BCF) is defined as the
ratio of the total concentration of metals in the roots to
that in the surrounding environment, which may
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include contaminated soil or wastewater [37], [38],
[39]. The BCF quantifies the degree to which a
chemical, particularly heavy metals, accumulates
within an organism or biological system from its
environment. This factor indicates the ability of plants
to absorb metals from the soil [40]. The BCF is
determined using the following formula:
BCF =[Concentration of heavy metal in the organism]
/ [Concentration of heavy metal in water]
The BCF for macrophytes was assessed using the
equation established [41].
For a specific metal, the bio-concentration of a
specified metal is calculated using the following
equation;

[Metal Concentration in root]

BCF wetal =
[Metal Concentration in Source]
= CR/CWW

Where BCFwmetal Stands for bio-concentration factor for
a specified metal, Cr represents specified Metal
Concentration in root expressed in mg/kg and Cww
represents  Metal  Concentration in  growth
environment-source like wastewater expressed in
mg/kg, wherein for this particular study the metal
refers to any of the all eleven metals studied.

I11. Metal Enrichment Factors (MEF)

Metal Enrichment Factors (MEF) were employed to
assess the degree of metal contamination in sediment,
adhering to the methodology proposed [42]. A
commonly accepted approach for evaluating
anthropogenic impact involves the calculation of a
normalized enrichment factor (EF), which is based on
metal concentrations derived from uncontaminated
background levels, as highlighted by [43], [44], [45].
The purpose of calculating the EF is to reduce the
variability in metal concentrations that may result
from different source ratios, thereby serving as an
effective analytical instrument. This technique
normalizes the observed concentrations of heavy
metals against a reference metal, such as (Fe) iron or
(Al) aluminum [46].

[Metal content in only shoot]

MEF meta =
[Metal Concentration in Source]
= Cos/Cww
Where MEFweta Stands for specific metal enrichment
factor, Cos represents specified Metal content in only
shoot expressed in mg/kg and Cww represents Metal
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Concentration in growth environment-sources like
wastewater expressed in mg/kg.

IV. Metal Translocation Factor (MTF):

The metal translocation factor (MTF) is defined as the
ratio of the total concentration of metals in the shoots
compared to that in the roots [47], [48]. This factor
reflects the relative concentration of metals in the
shoots in relation to the roots. An MTF value greater
than 1 indicates that the plant is capable of effectively
transporting metals from the root system to the shoots
[49]. The metal transfer factor is a useful measure for
evaluating the mobility of metals from their source to
macrophytes. The MTF for specific metals can vary
significantly based on the species of macrophytes and
the environmental conditions present. Key factors
influencing MTF include the physical and chemical
properties of the source, the behavior of trace metals
in both the source and the macrophytes, as well as
variations in environmental conditions. The transfer
factor from soil to plants is determined by calculating
the ratio of metal concentration in the plants to that in
the source [50], [51], [52].

[Metal Content in only shoot]

MTF meta =
[Metal Concentration in root]
= Cos/Cr

Where MTFweta Stands for specific metal translocation
factor, Cs represents_Metal content in aerial parts
expressed in mg/kg and C; represents Metal
Concentration in root expressed in mg/kg. It is also
called as shoot-root quotient and may be denoted as
MTF in general.

3. RESULTS AND DISCUSSIONS

There are various types of pollutants in the
wastewaters from various sources such as industrial
discharges, trade effluents, municipal sewage which
enter the water sources. Among these organic and
inorganic pollutants, including heavy metals, most of
these can cause danger directly on the lives of most
aquatic organisms and human life by entering the food
chain due to their accumulation potentials. The
presences of elevated levels of the trace metals in plant
tissues have detrimental toxic effects on the animals,
especially on the consumption. For instance, the zinc
and copper are trace metals those are needed in minute
quantities for the healthy growth. Though are essential
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for plant growth as well as animal and human
nutrition, but at elevated concentrations they can lead
to phytotoxicity in plants and zootoxicity in animals
[53], [54].

The mobility potentials of macrophytes for the heavy
metals from the polluted growth media into the roots
of the plants and the ability to accumulate in different
parts, translocate the metals from roots to the
harvestable aerial part and potential to enrich by metal
in  Ceratophyllum demersum were evaluated
respectively by means of the bioconcentration factor
(BCF), bioaccumulation factor (BAF), the metal
translocation factor (MTF) and the metal enrichment
factor (MEF) to assess the feasibility of the
macrophytes for phytoremediation to provide insight
for the use of native macrophyte plants to remediate
metal contaminated sites.

Heavy metals have become widespread pollutants
globally, raising significant environmental concerns
due to their persistence in non-degradable forms. They
can have toxic effects on ecosystems by infiltrating the
food chain, ultimately posing various threats to human
health [55], [56], [57]. Their presence is evident
throughout contaminated water bodies, from the
bottom sediments to the surface. The behavior of
heavy metals in water and wastewater is influenced by
factors such as sediment composition, water
chemistry, salinity, redox potential, and pH [58]. This
situation  necessitates the implementation of
submerged macrophytes for the remediation of water
and wastewater across varying depths.

Uptake Potentials of Metals in Ceratophyllum
demersum:

The aquatic macrophyte Ceratophyllum demersum
exhibited variations in metal content, suggesting
differing capacities for the uptake of each metal, a
finding consistent with previous research [59], [60],
[61], [62]. The concentrations of metals in the roots,
shoots, and aerial parts of Ceratophyllum demersum
are detailed in Table 1. Figure 1 provides a
comparative analysis of metal concentrations in the
roots, shoots, and aerial components of this submerged
macrophyte species. The highest concentration of iron
(Fe) was found in the roots, measuring 3739 ug/g,
followed by zinc (Zn) at 2643 pg/g, manganese (Mn)
at 2189 ug/g, and copper (Cu) at 1549 ug/g. The
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lowest concentration of strontium (Sr) recorded in the
roots was 86 pg/g. The sequence of metal
accumulation in the roots of Ceratophyllum demersum
was determined to be Fe >Zn>Mn > Cu >Pb > Cd >
Cr>Co>As>Ni>Sr.

In contrast, the accumulation of metals in the shoots
was generally lower than that in the roots across all
measured metals. The highest concentration of iron in
the shoots was 1285 ug/g, followed by zinc at 960
pg/g, manganese at 649 pg/g, and copper at 528 pg/g.
Other metals accumulated in the shoots included
cadmium (Cd) at 317 pg/g, lead (Pb) at 298 ug/g,
cobalt (Co) at 63 pg/g, arsenic (As) at 35 pg/g,
strontium (Sr) at 31 pg/g, and nickel (Ni) at 25 pg/g,
which was the lowest among the metals measured. The
order of metal accumulation in the shoots differed
from that in the roots, with the sequence being Fe > Zn
>Mn>Cu>Cd>Pb>Cr>Co>As>Sr>Ni.

The accumulation of metals in the aerial portions of
Ceratophyllum demersum was found to be lower than
that in the roots and shoots, as indicated in Table 1.
Among the metals, zinc exhibited the highest
concentration in the aerial parts, measuring 526 ug/g,
followed by iron at 504 pg/g, manganese at 354 ug/g,
copper at 274 ug/g, cadmium at 138 pg/g, lead at 123
Mg/g, chromium at 37 pg/g, cobalt at 25 pg/g,
strontium at 16 pg/g, and both arsenic and nickel at 14
pg/g each. The hierarchy of metal accumulation in the
aerial parts of Ceratophyllum demersum is as follows:
Zn>Fe>Mn>Cu>Cd>Pb>Cr>Co>Sr>Ni &
As.

Table 1: Metal concentrations in the roots, shoots and
aerial parts of submerged macrophyte species
Ceratophyllum demersum recorded during
phytoremediation bioassay

Metal Conc. in Conc. in Conc. in
roots shoots (1g/g) aerial parts
(kg/9) (kg/9)
As 149 35 14
Cd 965 317 138
Cr 685 142 37
Co 286 63 25
Cu 1549 528 274
Fe 3739 1285 504
Mn 2189 649 354
Ni 139 25 14
Pb 1078 298 123
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Sr 86 31 16

Zn 2643 960 526

The Metal Transport Factor (MTF) refers to the
internal metal transportation capability [60], [39]. It
states that both the Bioaccumulation Factor (BCF) and
MTF are useful for assessing a plant's potential for
metal phytoremediation. The BCF measures a plant's
capacity to accumulate metals in its roots, while the
MTF evaluates its ability to move these metals from
the roots to the aerial parts of the plant. Plants with
BCF values below one are deemed ineffective for
phytoextraction [39]. Conversely, plants that exhibit
both BCF and MTF values exceeding one (BCF > 1,
MTF > 1) are considered suitable for phytoextraction.
Additionally, plants with a BCF greater than one and
an MTF less than one (BCF > 1 and MTF < 1) are
recognized for their potential in phytostabilization. A
hyperaccumulator plant is characterized by having
either a BCF or TF greater than one, along with a total
metal accumulation exceeding 1000 mg kg—1 for Cu,
Co, Cr, or Pb, or over 10000 mg kg—1 for Fe, Mn, or
Zn [63].

Metal concentrations in the
roots, shoots and aerial parts of
submerged macrophyte species

Cerartophyllum demersum

He/g
F=y
2
(=)

1206 L L L
560 _LiL. L

AsCd CrCoCuFe M NiPbSrZn
n

B Concentration in

Conc. in roots
(ue/g)
Conc.in shoots 4o, ) 16352126425293196
(ug/g)
Conc. in aerial
parts (ug/g)

1496682815372113108626

1413372527503514121652

Fig. 1: Comparative levels of Metal concentrations in
the roots, shoots and aerial parts of Ceratophyllum
demersum submerged macrophyte species

Table 2: Bioconcentration  Factor  (BCF),
Bioaccumulation Factor (BAF), Metal Enrichment
Factor (MEF) and Metal Translocation Factor (MTF)
in submerged macrophyte species Ceratophyllum
demersum recorded during phytoremediation bioassay

Cr 6.85 1.42 0.37 0.2073
Co 2.86 0.63 0.25 0.2203
Cu 15.49 5.28 2.74 0.3409
Fe 37.39 12.85 5.04 0.3437
Mn 21.89 6.49 3.54 0.2965
Ni 1.39 0.25 0.14 0.1799
Pb 10.78 2.98 1.23 0.2764
Sr 0.86 0.31 0.16 0.3605
Zn 26.43 9.60 5.26 0.3632

Metal BCF MEF BAF MTF

As 1.49 0.35 0.14 0.2349

Cd 9.65 3.17 1.38 0.3285
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In this study, the bioconcentration factor, metal
enrichment factor, bioabsorption factor, and metal
transfer factor for each tested metal were determined
for the submerged aquatic plant Ceratophyllum
demersum, as shown in Table 2. The bioconcentration
factor for iron (Fe) was the highest at 37.39, followed
by zinc (Zn) at 26.43, manganese (Mn) at 21.89,
copper (Cu) at 15.49, lead (Pb) at 10.78, cadmium
(Cd) at 9.65, chromium (Cr) at 6.85, cobalt (Co) at
2.86, arsenic (As) at 1.49, nickel (Ni) at 1.39, and
strontium (Sr) at 0.86. The ranking of bioconcentration
factors for the metals analyzed is Fe > Zn > Mn > Cu
>Pb>Cd>Cr>Co>As>Ni>Sr.

The metal enrichment factor (MEF), which reflects the
capacity of macrophytes to accumulate metals, was
highest for iron (Fe) at 12.85, followed by zinc (Zn) at
9.60, manganese (Mn) at 6.40, copper (Cu) at 5.28,
cadmium (Cd) at 3.17, lead (Pb) at 2.98, chromium
(Cr) at 1.42, cobalt (Co) at 0.63, arsenic (As) at 0.35,
strontium (Sr) at 0.31, and nickel (Ni) at 0.25. The
order of MEF for the metals examined is Fe > Zn >
Mn > Cu>Cd>Pb>Cr>Co>As> Sr>Ni.

BCF, BAF, MEF and MTF in
Ceratophyllum demersum
submerged macrophyte species

10
g.ll.l ‘.I_

As Cd Cr Co Cu Fe l\r':] Ni Pb Sr Zn

BCF,/BAF,/MEF/MTF
=
n

mBCF 15976929 15 37 22 14 11 09 26
MEF 0.4 32140653 13 6503 3 0396
BAF 0.1 14040327 5 3501120253
MTF 0.2 0.3 0.2 020303030.2030404

Fig. 2: Comparision BCF, BAF, MEF and MTF in
Ceratophyllum demersum.
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The bioaccumulation factor (BAF) was found to be
highest for zinc (Zn) at 5.26, followed closely by iron
(Fe) at 5.04, manganese (Mn) at 3.54, copper (Cu) at
2.74, cadmium (Cd) at 1.38, lead (Pb) at 1.23, cobalt
(Co) at 0.25, strontium (Sr) at 0.16, and both arsenic
(As) and nickel (Ni) at 0.14 each. The ranking of BAF
for the analyzed metals is as follows: Zn > Fe > Mn >
Cu>Cd>Pb>Co>Sr>As&Ni.

In contrast, the metal transfer factor (MTF) exhibited
a different trend compared to the metal enrichment
factor (MEF). The highest MTF was observed for Zn
at 0.3632, followed by Fe at 0.3437, Cu at 0.3409, Cd
at 0.3285, Mn at 0.2965, Pb at 0.2764, As at 0.2349,
Co at 0.2203, Cr at 0.2073, and Ni at 0.1799. The
sequence of MTF for the studied metals is as follows:
Zn>Sr>Fe>Cu>Cd>Mn>Pb>As>Co>Cr>
Ni.
4. CONCLUSION

The bioconcentration factor (BCF), bioaccumulation
factor (BAF), metal enrichment factor (MEF), and
metal translocation factor (MTF) in the submerged
macrophyte species Ceratophyllum demersum, as
revealed by phytoremediation bioassays, indicate its
potential for the remediation of metal-contaminated
wastewater. The order of BCF for the metals examined
isSFe>2Zn>Mn>Cu>Pb>Cd>Cr>Co>As>Ni
> Sr, while the order of MEF is Fe > Zn > Mn > Cu >
Cd > Pb > Cr > Co > As > Sr > Ni. The ranking of
BAF for the metals studied is Zn > Fe > Mn > Cu > Cd
> Pb > Cr > Co > Sr > As & Ni, and the order of MTF
isZn > Sr>Fe > Cu>Cd>Mn>Pb>As>Co>Cr
> Ni. The aquatic species Ceratophyllum demersum
acts as hyperaccumulator for the metals studied except
Sr indicated by BCF<L1.
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