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Abstract

Metal pollution issues is becoming increasing day by day common in Egypt and elsewhere due to rapid
growth the human population, industrialization foundries, smelters and urbanization. Heavy metals are the major
problematic pollutants which poses a significant threat public health, as they are continual and non-biodegradable.
Thus, their phytoremediation becomes inevitable and extensive efforts to apply the absorption technique which
seems to be a promising alternative, less expensive, high efficiency that is being used widely for removal of heavy
metal from aqueous media. In the present study the dry mass of two weeds, Lotus corniculatus and Amaranthus
viridis were used as adsorbents to study the process of biosorption. The studied plants have not gained much
importance and are common in the Egyptian waste lands. For the present study different concentration (10, 50 and
100 ppm) of four heavy metals (cadmium, chromium, lead and zinc) were tested for the adsorption by the two
plants. Results showed that the adsorption process was very rapid for the two weeds (90% of equilibrium adsorption
capacity was achieved) for the removal of the tested heavy metals (cadmium, chromium, lead and zinc). The FT-
IR, XRD and phytochemical tests analyses have been carried out in order to find the structural and chemical
composition (functional groups) of the dry biomass of the two plants to clearly establish a protocol for the
adsorption mechanism involved for removal of heavy metals by eco-friendly and cost effectiveness technique. The
experimental results indicated that the feasibility of using effective, easy, and abundantly available dry biomass of
the tested weeds can be easily converted to good adsorbent without any pretreatment.
Keywords: Heavy metals; Adsorption technique; Amaranthus viridis; Lotus corniculatus.

1. Introduction

Heavy metals in water originated from
wastewater of numerous industries [1]. The presence
of heavy metals in agueous water streams have
become a major problem due to their harmful
impacts on human health and on the fauna and on
biota of aquatic ecosystem [2].

Different techniques are used for the removal of
heavy metals from aqueous solutions: ion exchange
[3], chemical precipitation [4], membrane separation
[5], electrochemical coagulation [6], photo-catalysis
[7], reverse osmosis [8], and electro dialysis [9]. All
these techniques are over the top expensive and
furthermore not really compelling.

Recently, impressive consideration has been
inspired to the investigation of utilization of
agricultural dry biomass as adsorbents. Adsorption
technique is known as a convenient, minimal
expense, being eco-friendly, harmless to the

ecosystem, achievability for physical and chemical
modification efficient, and great adsorption limit of
heavy metals from wastewater. The flexibility in
design and operation, high removal effectiveness and
the opportunities for the greater part of the
adsorbents to be recovered and reuse by reasonable
desorption process have made adsorption process
acquiring its prevalence [10,11].

In Egypt, Lotus corniculatus (Fabaceae) is
growing wild in the Mediterranean region, Nile
banks, cultivated ground and wetlands [12]. there are
few studies for anti-cancer and antioxidant effects
[13], as contraceptives, for the treatment of sexually
transmitted diseases and treatment of peptic ulcers,
proanthocyanidins, tannins, flavonoids, oleanolic
acid, and saponins were identified in these species
[14].

Amaranthus viridis L.is an annual herb, from
family (Amaranthaceae) a decoction of the entire
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plant is used as antioxidant, antihyperlipidemic and
antidiabetic,  [15].  Antifungal lectin  and
antiproliferative [16]. The root juice is used to treat
inflammation during urination and constipation [17].

In the present context, the dry biomass of two
plants, Lotus corniculatus and Amaranthus viridis
were used as adsorbents to test their biosorption
efficiency for removal of some heavy from aqueous
solution.

2. MATERIALS AND METHODS
2.1. Experimental Design and Apparatus
Description

In the present study, the dry biomass of Lotus
corniculatus and Amaranthus viridis were used for
the removal of some heavy metals from its aqueous
solution. Both the plants were collected from
Damietta Governorate, Egypt and cut into small
pieces and washed several times with double distilled
water, dried in oven at 55 °C for five days, then
stored in at room temperature.

The Extract was prepared by Solid-liquid
extraction using soxhlet apparatus in this process
solutes were removed from solid using liquid
solvent, in present study ethanol is taken as polar
solvent and water as non-polar solvent.

In the present study different weight of dry
masses (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 gm) of two plants,
Lotus corniculatus L. and Amaranthus viridis L.
were used as adsorbents to study the process of
biosorption. Three concentrations (10, 50 and 100
ppm) of four heavy metals (cadmium, chromium,
lead and zinc) were tested for the adsorption by the
two plants, pH 6.0 was chosen as the optimum pH for
the adsorption system.

Various analysis such as FTIR, XRD and
phytochemical tests had been carried out in Central
Laboratory of Elemental and Isotopic Analysis
(CLEIA), Nuclear Research center, Atomic Energy
Authority in order to find the structural and chemical
composition (functional groups) of the dry biomass
of the two weeds to clearly establish a protocol for
the adsorption mechanism involved for removal of
tested heavy metals.

Heavy metals determination in the two plants
were done using atomic absorption spectroscopy
(shimadzu). Standard operating parameters were set.
The hollow cathode lamps for Cr, Cd, Pb and Zn
(shimadzu) were used as radiation source and fuel
was air acetylene. All the samples and standard were
run in duplicate.

2.2. Fourier transform infrared analysis (FT-IR)

FT-IR analysis was performed using (NICOLET
iS10 model instrument) the spectra were recorded in
the range 400 — 4000 cm™.
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2.3. X-Ray diffraction (XRD) technique

X-Ray Diffraction (XRD) allows one to ascertain
the molecular structure of a crystalline material by
diffracting X-rays through the sample [18]. An XRD
analyzer obtains interference patterns reflecting
lattice structures by varying the angle of incidence of
the X-Ray beam (Rigaku MicroMax-007 X-ray
diffraction system, McCrone Associates, Inc.,
China).

3. RESULTS AND DISCUSSION
3.1. Removal of heavy metal using dry biomass of
Lotus corniculatus and Amaranthus viridis:

The plot of adsorption percentage opposed to
amount of adsorbent at different concentration of
heavy metal (10, 50 and 100 ppm) in aquatic solution
is shown in Figure (1 and 2).

In case of Lotus corniculatus (Figure 1), it is
observed that at a concentration of 10 ppm of heavy
metals the adsorption rate reaches a value of 93, 82,
90 and 73 % respectively, for cadmium (3.5 g),
chromium (2 g), lead (2 g) and zinc (2.5 g).At a
concentration of 50 ppm of heavy metals the
adsorption efficiency reaches a value of 58, 45, 72
and 39 % respectively, for cadmium (2.5 g),
chromium (2.5 g), lead (2.5 g) and zinc (4 g).At a
concentration of 100 ppm of heavy metals the
adsorption percentage reaches a value of 44, 40, 62
and 39 % respectively, for cadmium (2 g), chromium
(4 g), lead (3 g) and zinc (4 g) as shown in Figure (1).

Whereas, in case of Amaranthus viridis (Figure
2) it was observed that at a concentration of 10 ppm
of heavy metals the adsorption percentage reached a
value of 90, 68, 75 and 42 %, respectively for
cadmium (4 g), chromium (2.5 g), lead (3 g) and zinc
(3.5 g). Also, at a concentration of 50 ppm of heavy
metals the adsorption percentage reached a value of
52, 42, 48 and 28 %, respectively, for cadmium (2.5
g), chromium (3 g), lead (3.5 g) and zinc (3.5 g). At
a concentration of 100 ppm of heavy metals the
adsorption rate reached a value of 45, 27, 44 and 10
% respectively, for cadmium (3.5 g), chromium (3.5
0), lead (4 g) and zinc (4 g). In case of 100 ppm
multiple species solution much higher quantity of
adsorbent is required (Figure 1 and 2) for the two
weeds.

The purification of 100 ppm of cadmium,
chromium, lead and zinc from aqueous solution at
various bio sorbent amount of Lotus corniculatus and
Amaranthus viridis were examined. Results showed
that ion uptake increased when dry biomass of the
two plants take-up increments [19,20]. But with
further increase in bio-adsorbent after a
defined/specific quantity the adsorption becomes
constant and afterward further abatements. This
decrease is inferable from metal concentration
shortage in the aquatic solution.
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Figure 1: Impact of adsorbent quantity variation of Lotus corniculatus on the adsorption of different
concentrations (10, 50 and 100 ppm) of four heavy metals (cadmium, chromium, lead and zinc) from aqueous

solution.
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Figure 2: Impact of adsorbent quantity variation of Amaranthus viridis on the adsorption of different
concentrations (10, 50 and 100 ppm) of four heavy metals (cadmium, chromium, lead and zinc) from aqueous

solution.

Using the bio-sorbents there was an increase in metal
uptake up to 4 g biomass for selected heavy metal
ions.

The expansion in adsorption rate with the
increment in amount of adsorbent at a particular
concentration of metal ions in single as well as
multiple species can be explained on the basis that
with the increase in the quantity of dry biomass of
Lotus corniculatus and Amaranthus viridis the
availability of ionic sites increments, since the
concentration of metal ions in aquatic solution is
fixed, initially more ions get exchanged with the
metal ions but after the saturation is reached
adsorption diminishes (Figure 1 and 2).
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However, at higher concentration (50 and 100
ppm) the adsorption rate is low when the quantity of
adsorbent is small, the expansion in the quantity of
adsorbent outcomes in the increment of adsorption
rate, because the total sites of adsorption are
increased. But the impedance and rivalry between
available binding sites at higher biomass densities
caused a decline in the particular adsorption limit of
the biosorbent as in the case of the various species
solution [20,21].

3.2. Fourier transform infrared analysis (FT-IR)
and X-ray diffraction (XRD) technique

FT-IR analysis and XRD technique was carried
out in order to know the chemical and structural
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composition of the dry biomass of the two weeds
Lotus corniculatus and Amaranthus viridis that
played a strong role in the adsorption of heavy metals
(Figure 3, 4, 5, 6 and 7). The adsorption rate
behaviour of dry biomass towards metal ions is a
function of the chemical composition of the biomass.
FT-IR absorption bands of the dry biomass of Lotus
corniculatus, (Figure 3A and 6) recorded major
characteristic bands which included: 3400-2950 cm-
! indicate O-H stretch which may be carboxylic
group. Also, O-H and N-H stretching, vibration band
obtained at 3420 cm! indicate phenolic groups. FT-
IR absorption bands at 2400-1800 cm™ show C =N
or C=C, but at 1190 cm™C-O stretch is obtained this
all suggesting carboxylic group which is accountable
for heavy metal binding.

FT-IR absorption bands of the dry masses of
Amaranthus viridis (Figure 3B and 7) recorded peak
at 3200-2850 cm* showed C-H stretch which may be
of benzene. FT-IR absorption bands at peak at1550-
1400 cmtin bending may be of methylene group or
nitro or aromatic double bond stretch. Peak at 1150
cm show C-O-C stretch of ether.  FT-IR spectrum
of the dry-biomass of the two plants focuses only on
a few groups such as hydroxyls, ether, amide,
carboxylic and hydro carbons supporting for the
adsorption of heavy metals.

FT-IR spectra of the polar and non-polar extract
of the dry biomass of the two plants Lotus
corniculatus and Amaranthus viridis are shown in
Figure (4,5, 6 and 7).

The polar spectra of Lotus corniculatus (Figure
4A and 6) demonstrated that peaks at 3600-3200 cm-
! showed broad O-H stretch of carboxylic acid. Also
C=0 stretch at 1750-1700 cm™ also suggesting
presence of carboxylic acid group, also C-O stretch
at 1240 cmshows carbonyl group, thus the main
functional groups are mainly benzene and carboxylic
acid (Figure 4A and 6).

The polar spectra of Amaranthus viridis (Figure
4B and 7) shows the O-H stretch and bond stretch
peaks which are hide peaks and not appearing as
strong peaks, the groups may be benzene, C-O-C,
C=0, CH; and CHs.

FT-IR spectra of the non-polar extract of the dry
biomass of the two plants Lotus corniculatus and
Amaranthus viridis are shown in Figure (5, 6 and 7).

The non-polar spectra of Lotus corniculatus
(Figure 5A and 6), similarly show hydroxyl or
carboxylic groups as peaks obtained at 3600-3200
cm* having a broad O-H stretch and C=0 stretch was
also obtained at 1760 cmindicatingcarbonyl group
may be carboxylic acid. In addition, stretch of C=C
at 1650-1600 cm™ is the indication of benzene. FT-
IR spectra at 1350 cm® could be attributed to C-O
stretching of carbohydrates, sulfoxides,
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polysaccharides-like substances or alcohol. Thus the
major functional groups recognized are mainly
benzene and carboxylic acid (Figure 5A and 6).

FT-IR spectra of the non-polar extract
Amaranthus viridis (Figure 5B and 7), show at
intensity of 3000-3800 cm™ indicate hydroxyl (-
OH) group stretching, and at intensity of 1600-1700
cm™ indicate carbonyl (-C=0) stretching. Dry
biomass extracts the major groups further reported
were OH, C-O-C, CH,, CHs; C=0, COOH and
benzene. The main functional groups responsible for
adsorption process are the hydroxyls, amides,
carbonyls, phosphonates, phosphodiester, carboxylic
and carboxylate groups. Some of these groups are
present in the dry biomass of the selected plants and
interact with the metal ions and it directly seems that
these functional groups responsible for in heavy
metals binding process [20-25].

This may indicate the involvement of hydroxyl
groups in the binding of Cr and Cd (Figure 5B and
7). The presence of slight changes in the peak regions
refers to the presence of adsorption. Interestingly, the
peaks get shifted with the presence of metal ions
indicate an interaction of heavy metals with these
functional groups.

The important role of metal adsorption includes

electrostatic forces as wells as specific chemical
interaction [21,26]. Also, the relation between the
metal uptake efficiency and the amount of acidic
groups is related to the number of carboxylic groups
(weak acid) occurring in the biomass. These groups
play the prevailing role in metal binding [20,21].
In our study, pH 6.0 was chosen as the optimum pH
for the adsorption system. Many adsorption studies
report pH 5.0 - 6.0 as the optimum pH for heavy
metals (cadmium, chromium, lead and zinc)
adsorption by various biosorbents [27-30].

The presence of functional groups on the surface
of biosorbents was confirmed using FTIR analysis.
In addition, FTIR analysis provides information on
possible mechanisms involved in metal ion
adsorption. From FTIR study, the formation of new
absorption bands, the change in absorption intensity,
and the shift in wavenumber of functional groups
could be due to interaction of metal ions with active
sites of biosorbents. The metal ions bound to the
active sites of the biosorbents through -either
electrostatic attraction or complexation mechanism.
The electrostatic attraction was between metal ion
and carbonate group. Meanwhile, the complexation
mechanism involved electron pair sharing between
electron donor atoms (O and N). Results from this
study suggest hydroxyls, amides, carbonyls,
phosphonates, phosphodiester, carboxylic and
carboxylate are the main adsorption sites in Lotus
corniculatus L. and Amaranthus viridis L. [31].
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Figure 3: Fourier transform infrared analysis (FT-IR) for the dry biomasses absorbance in Lotus corniculatus (A)
and Amaranthus viridis (B).

s
5=

=

\M—_ . i ;;
TvA

T oafeedsg||aid

=
g

E ol e b b by
T
=
e
. —
=
s

oo lev s Lo Lo P P Lean s benna Jaag

£ 13 i s
i P I
Lotus corniculatus (A) Amaranthus viridis (B)

Figure 4: Fourier transform infrared analysis (FT-IR) for the dry biomasses polar- extract in Lotus

corniculatus (A) and Amaranthus viridis (B).
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Figure 7: X-ray diffraction analysis (XRD) for the dry biomasses in Amaranthus viridis L.
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4. CONCLUSION

Results showed that the adsorption process was very rapid
for the two weeds (90% of equilibrium adsorption capacity
were achieved) for the removal of the tested heavy metals
(cadmium, chromium, lead and zinc). The experimental
results indicated that the feasibility of using effective, easy,
and abundantly available dry biomass of agricultural wastes
can be easily converted to good adsorbent without any
pretreatment. The FT-IR, XRD and phytochemical tests
analyses were used to determine the surface functional groups
and physico-chemical properties of the two weeds.

In countries, with the push for fast commercial
improvement coupled with lack of awareness about metallic
toxicity, there's an urgent want for growing an economical and
eco-friendly technology. Adsorption technique gives
numerous advantages, inclusive of fee effectiveness, high
efficiency, minimization of chemical/biological sludge, and
regeneration of biosorbent with opportunity of metallic
recovery. Further, studies are needed to be carried out to get
conclusive results for utilizing various adsorbents for
wastewater treatment.
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