
Poll Res. 39 (4) : 1208-1215 (2020)
Copyright © EM International
ISSN 0257–8050

POTENTIAL BIOSORBENT DERIVED FROM PHOENIX
DACTYLIFERA FOR THE REMOVAL OF HEAVY METALS FROM THE

AQUEOUS SOLUTION
R. KAVITHA SARASWATHI1, ANITHA A.2* AND VINITHA U3.

Department of Biotechnology, Nehru Arts and Science College,
TM Palayam, Coimbatore 641 105, Tamil Nadu, India

(Received 4 April, 2020; Accepted 23 May, 2020)

ABSTRACT

Many metals are termed as heavy metals because they are the toxic elements that persist in
environment for decades and will not degrade naturally. Inappropriate liberation of heavy metals
through industrial discharge such as Mercury, Lead, cadmium, copper, nickel, cobalt and zinc to the
environment could inflict harsh effects to both personal and to the environment. Most of the
industrial effluent will contain Hg (II), Pb (II) that are highly toxic in nature. Also high
concentrations of Co (II) (generally not considered as pollutant as it is essential metal for plants)
released from various industries are highly poisonous. In the present study, the date seed powder
was used as a potential biosorbent to remove Hg, Pb and Co from the aqueous solutions was
investigated. The adsorption ability of the date seed powder was examined through batch
absorption studies. The nano-characterization studies of raw date seeds as well as the respective
heavy metal absorbed date seed powder were done through FTIR and SEM-EDX analysis.The
Fourier Transform Infrared Spectrometer (FTIR) spectra illustrated the absorption of heavy metals
in the date seed since there were changes in the raw and absorbed sample. The Scanning Electron
Microscope (SEM) results allowed concluding the structural deviations of the date seed powder
and the Energy Dispersive X-ray spectrometer (EDX) graph showed the absorbed sample by
revealing the elemental composition of the samples.The studies revealed that the date seeds can
be potential biosorbent for the removal of heavy metal from the samples.
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INTRODUCTION

Rapid industrialization has seriously contributed to
the release of toxic pollutants to water streams
(Al-Gheethi et al., 2014). Among all the pollutants,
heavy metals are most dangerous one as these are
non – biodegradable and persist in environment.
Commonly encountered metals of concern include
Mercury (Hg), Cadmium (Cd), Arsenic (As),
Chromium (Cr), Thallium (Tl), Lead (Pb), Copper
(Cu), Zinc (Zn), Cobalt (Co), Nickel (Ni), and Iron
(Fe) etc. Exposure to these contaminants even in low
concentrations in the environment is harmful to
human health. Increasing concentrations of the
metals in the ecosystem constitute a severe health

hazard due to their toxicity, accumulation and
magnification throughout the food chain. Thus,
increasing risks of diseases such as Insomnia,
Nausea, Anemia, Liver Damage and Skin Irritations
to the humans (Shamsudin et al., 2016).

Different conventional methods used to treat the
metal contaminated effluent such as precipitation,
ion exchange, electrolysis separation by membrane,
adsorption, etc., but they are inefficient or expensive.
Adsorption is one of the more popular methods for
the removal of metals ions from the aqueous
solutions. Natural materials that are available in
large quantities or certain waste from agricultural
operations may have potential to be used as low cost
adsorbents, as they represent unused resources,
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widely available and are environmentally friendly
(Bhatnagar et al., 2010).

Date palm is a principal fruit grown in many
regions of the world. Date seed represents
approximately 11-18% of the total weight of date
fruit (Abdolali et al., 2014). As a result, a large
quantity of date waste is generated annually. Date
seeds can be used to develop inexpensive and
effective biosorbent that is easily available in large
quantities and feasible economically for multiple
metal ions in solution. The present study mainly
focused on utilization of waste material (date seed)
for the removal of metal ions [Hg (II), Pb(II) and
Co(II)] from aqueous solutionin batch system.

MATERIALS AND METHODS

Sample collection and preparation

The date fruits used in this study were obtained
from a Local Supermarket, Coimbatore. Date fruits
were taken and flesh was separated from the date
pit gently. The pits were washed thoroughly, air
dried and followed by shade dried. The seeds were
toasted and stirred on low flame for 30-40 mins till
the qitmeer (the fragile protective layer over the
seed) separates from the seeds. Then the seeds were
sieved properly to take out the burnt qitmeer,
crushed using a mixer grinder and stored in an air
tight container.

Preparation of Metal solutions

Metal salts of Mercury (HgCl2), Lead (Pb(NO3)2) and
Cobalt (CoCl2) were added individually to the de-
ionized water to prepare metal ions (1000 mg/L)
solution. The pH of the stock was adjusted to 3 using
the standard solutions HCl and NaOH. Working
solution was prepared in 0.5 mg/mL or 500 µg/mL
concentration by taking 66 mL of stock and diluting
it with 144 mL of water (1:2 ratios) to make up the
heavy metal solution up to 200 mL.

Batch absorption studies

The date pit powder alone was immersed in plain
distilled water to check the adsorption differences.
The adsorption ofHg, Pb and Co by date pit
adsorbent were carried out by immersing 1.2 g of
date pit powder into 200 mL of heavy metal ion
solution in 250 mL Erlenmeyer flaskto give
concentrations 500µg/mL with the pH of 3.0. The
metal solutions were agitated using anorbital shaker
for 60 mins at 100 rpmin order to study the kinetics
of the adsorption process. All batch adsorption

experiments weredone at room temperature (25 ±
2°C). The samples were subsequently filtered off and
the filtrate was allowed to dry at room temperature
and then taken for further analytical studies for
determining the adsorption of heavy metals onto the
date pits (Samra et al., 2014).

Fourier-Transform Infrared Spectroscopy (FTIR)
analysis

The functional groups present in both the rawseed
powder and heavy metal absorbed seed powder
were analyzed using FTIR according to the
manufactures instruction at Department of
Nanotechnology, PSG College of Technology,
Coimbatore (Make: IR affinity from Shimadzu,
Japan).

Scanning Electron Microscopy-Energy Dispersive
X-ray (SEM-EDX) analysis

SEM analysis was done to find the surface
morphology and the elemental analysis was
examined through EDX for both the raw and the
heavy metal absorbed date seed powder. The
analysis was done at Department of
Nanotechnology, PSG College of Technology,
Coimbatore (Make: Carl Zeiss EVO 18, Germany).
The sample was placed on the aluminum holder
stub using a double sticky carbontape.  Then it was
completely dried in the drying oven at 60 ºC for 3
hrs and the stubswere placed into the mounting
holes. Surface morphology was observed at different
magnifications. Further the acceleration voltage was
set to 20 KV to generate higher energy spectrum of
x-ray emission (Mortada et al., 2015).

RESULTS AND DISCUSSION

The dates were purchased from a local supermarket,
Coimbatore; they were healthy and free from
injuries. About 98g of seeds was obtained as waste
from 500g of Fruits.

Nano-characterization of date seeds as absorbent

To carry out the heavy metal absorption study, the
date seed powder was used as adsorbent and nano-
characterization studies such as FTIR and SEM-EDX
was carried out before and after the reaction with
metals to reveal the chemical compositions at atomic
level.

FTIR analysis of raw date seed powder

Fig. 1 Aexhibited the FTIR spectrum of the raw date
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seed powder and the functional groups identified.
The peak 424 cm-1 represented to the Alkyl halides.
Vibration in C-O in Alcohol hydroxyl group is
represented by the peak 1018 cm-1 and stretching in
Alkenyl C=C were described by peak 1595 cm-1. A
carbonyl group C=O was represented by the peak
1744 cm-1. The peak 2305 cm-1 represented alkyne
group C=H. Alkane group C-H stretch is
represented by the peak 2855 cm-1. A carboxylic
group (OH strong bond) was represented by the
peak 2924 cm-1. The peak 3725 cm-1 attributed to the
polymeric OH stretch. A single bond stretching
vibrations in C-H and N-H group was represented
by the peak 4620 cm-1 and 4454 cm-1 respectively.

FTIR analysis of metal absorbed date seed powder

Fig. 1B showed the FTIR spectrum of Mercury
absorbed date seed powder and the functional
groups identified. They are: The peak 424cm-

1represented the iodo group of halogen compound.
Some addition peaks than the FTIR spectrum of raw
date seed powder were 488 cm-1,542 cm-1, 586 cm-

1,680 cm-1 represented by the chloro group of the
halogen. The peak 1016 cm-1 was assigned to the
Alkyl amine. Aromatic C=C were represented by the
peak 1595 cm-1 and peak1744 cm-1 attributed to the
Carbonyl group. Peak at 2305 cm-1 was represented
to Alkyl group.

The peaks at 2855 cm-1 represented to stretch in
Alkanes. A strong carboxylic group was represented
by a peak at 2924 cm-1. A single bond stretching
vibrations in C-H was represented by the peak 4614
cm-1. There was a strong stretch and peak variation
from 488 cm-1 to 680cm-1 in the FTIR spectrum of
mercury absorbed date seed powder which was
absent in the raw date seed powder. Therefore the
absorbance of the heavy metal Hg in the date seed
powder are represented by the appearance of the
additional peaks at 488 cm-1 to 680 cm-1 in the FTIR
spectra and was absent in the raw date seed.

Fig. 1C showed the FTIR spectrum of Lead
absorbed date seed powder and the functional
groups identified. They are: The peak 418cm-

1represented to the iodo group of halogen
compound. The peak at 495 cm-1 represents the
chloro group of the halogen. The peak 1447 cm-1 was
assigned to the Nitrosamine. The peak 1744 cm-1

attributed to the Ketones. The peaks at 2853 cm-1

represented to stretch in Alkanes. A strong
carboxylic group was represented by a peak at 2922
cm-1.

It was observed that there was a shift in wave
number as well as a significant change in absorption
intensity of absorption band. A peak representing
the halogen compound was shifted from 424 cm-1 to
495 cm-1. Therefore the absorbance of the heavy
metal Pb in the date seed powder are represented by
the shift in the peaks 424 cm-1 to 495 cm-1  in the FTIR
spectra which was absent in the raw date seed.

Fig. 1D showed the FTIR spectrum of Cobalt
absorbed date seed powder and the functional
groups identified. They are: The peak 453 cm-

1represented to the chloro group of halogen
compound. The peak at 511 cm-1 represents the iodo
group of the halogen. The peak 1161 cm-1 was
assigned to the vibration of C-O in alcohol hydroxyl
group. Aromatic C=C were represented by the peak
1539 cm-1 and peak 1744 cm-1 attributed to the
Carbonyl group. The peaks at 2853  cm-1 represented
to stretch in Alkanes. A strong carboxylic group was
represented by a peak at 2926 cm-1. A OH stretching
vibration of alcohol group was found at the peak
3597 cm-1. The peak representing the chloro and the
group was shifted from 424 cm-1 to 453 cm-1. A peak
representing the vibration of C-O in alcohol
hydroxyl group was shifted from 1016 cm-1 to 1161
cm-1. The carboxylic group which was observed in
the raw date seed powder at 2924 cm-1 was shifted to
2926 cm-1.

 Therefore the absorbance of the heavy metal Co
in the date seed powder are represented by the shift
in the peaks 424 cm-1 to 453 cm-1, 1016 cm-1 to 1161
cm-1 and 2924 cm-1 to 2926 cm-1 in the FTIR spectra
and was absent in the raw date seed. From FTIR
analysis, the shift in wave number and change in
absorption intensity can be related to the adsorption
mechanism involving several functional groups
such as hydroxyl, carboxylic, amine groups and
halogen groups.

Similarly Shamsudin et al., (2016) demonstrated
the IR spectra of the heavy metal absorbed date seed
samples – Pb, Cu and Zn, and emphasized different
stretches enabling the comparison between all of
them. They reported thatchanges in functional
groups were happened by process of absorption and
the pH of the solution doesn’t play any role in the
absorption process. Furtherthey added that Cu (II),
Pb(II) and Zn (II) removal was through complexion
mechanism. In the same wayAbdolali et al., (2014)
and Singha and Guleria, (2014) discussed the
possible involvement of complexion mechanisms in
metal ion adsorption by lignocellulosic materials.
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Fig. 1. FTIR spectra of raw date seed powderbefore absorption (A) and after interaction with (B) Mercury (C) Lead (D)
Cobalt



1212 SARASWATHI ET AL

SEM-EDX analysis of raw date seed powder

SEM-EDX studies of the raw date seed powder
helped to study the magnified structure as well as
elemental composition. The SEM images observed
in different magnifications were showed in Fig. 2 (A
and B) and the raw date seed powder displayed a
dense, smooth and solid surface texture. The EDX
image of the raw date seed powdercontains 54.8%
Carbon, 33.9% Oxygen and 16.43 % platinum (Fig.
3).

SEM-EDX studies of metal absorbed date seed
powder

Surface morphology of mercury absorbed date seed
powder was revealed in Fig. 2 (C and D). Interaction
of date seed powder with the Hg resulted in
formation of crumble like structure on its surface
and its texture became rough and porous. The EDX

image of the mercury absorbed date seed powder
contains 54.8% carbon, 33.9% oxygen, 16.43%
platinum and 10.82% mercury (Fig. 4).

The surface morphology of lead absorbed date
seed powder revealed in Fig. 2 (E and F) showed the
appearance of a lump - like deposits with irregular
and twisted structure. The EDX image showed the
elements of 54.8% carbon, 33.9% oxygen 16.43%
platinum and 13.42% lead (Fig. 5).

The interaction of the date seed powder with the
metal cobalt made its smooth and even surface into
rough and irregular texture and also uneven tiny
crystal-like formation was foundin Fig.5 (G and H)
and the elemental composition of 54.8% carbon,
33.9% oxygen 16.43% platinum and 15.62 % Cobalt
was observed in EDX image (Fig. 6). From the
results it has been concluded that the differences in
the surface morphology of the samples may be
because of the heavy metal absorption into the date
seeds. The EDX elemental spectra also confirmed
the absorption of heavy metals.

To examine contribution of ion exchange
mechanism to metal ion binding, the solution pH
was measured before and after adsorption process.
There was no great difference in pH value of the ion
solution before and after adsorption. Therefore the
absorption mechanism of the heavy metal into the
date seed powder observed was not via ion
exchange but may be due to the physical and
chemicalinteraction of the functional group present
in the seed powder and the metals thus caused the
absorption of the heavy metal ions onto them.

In connection with the present, Samra et al.,(2014)
explained the morphological changes in the surface
of the adsorbents in the coverage of pores of the DP
due to the adsorption of Pb(II) in the SEM image of
DP before and after lead adsorption. Shamsudin et
al., (2016) demonstrated the changes in the surface
morphology of KBF after interaction with Cu (II), Pb
(II) and Zn (II). KBF had a groove, uneven and
tousled surface texture whereby the KBFsurface
changed irregular and rough textureafter the
absorption of the heavy metals. In the same way
changes in the surface of the metal adsorbed
sawdust was described by Ahmad et al., (2009).

The investigation of natural Kenaf Bast Fiber
(KBF) for the removal of Cu(II), Pb(II) and Zn(II)
from aqueous solution in single and multi-metal
systems are demonstrated by Shamsudin et al .,
(2016) and showed that the heavy metal absorption
on the date seeds were not based on the ion
exchange mechanism because the platinum that was

Fig. 2. SEM images of raw (A) 200X  (B) 500X,
Mercury(C) 200X (D) 500X, Lead(E) 200X (F) 500X,
and Cobalt(G) 200X (H) 500X
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used for the coating of the  raw seed samples before
EDX analysis to avoid charge were still present in
the after the absorption of heavy metal  and
concluded that the heavy metal was absorbed on the
date seeds through complexation mechanisms. In
the same way EDXgraph showed the presenceof the
Pb2+ after its adsorption on DP was reported by
Samra et al.,(2014).

The results from FTIR analysis revealed that there

were variations in the functional groups and shifts in
the wave number represented the absorption of
heavy metals into the seed powder. The distortion in
the SEM images and the EDX image of the heavy
metal absorbed samples confirmed the absorption of
heavy metals within them. The overall study
concluded that the waste from the date fruits can be
taken and used as a potential source for heavy metal
absorption. The future works embraces the

Fig. 3. EDX spectrum of Raw date seed powder

Fig. 4. EDX spectrum of mercury absorbed date seed powder



1214 SARASWATHI ET AL

utilization of date seeds as a biosorbent of different
metals in different concentration and optimization of
the metal concentration, temperature, pH and other
physical parameters and then finally employing it in
large scale treatment of heavy metals.
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