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Characterization of Doum Palm Seed Kernel as Natural Sorbent for Metal
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DOI: 10.22178/pos.48-2 Abstract. Water pollution is one of the major challenges in cities and
industrialized areas of the world. The effluent from Gombe ternary wastewater
pollutes the surrounding waters thereby constituting health threat to the
populace within its vicinity. In view of the above, a bio-sorption study of zinc and
lead ions from Gombe ternary wastewater using doum palm seed kernel was
carried out. The wastewater was characterized and was found to contain 0.03
mg/I lead metal ion and 0.81 mg/I zinc ion. The doum palm kernel bio-sorbent
was obtained after oil extraction from the seed and processed as contained in
the method mentioned in this paper. The kernel residue was characterized for
functional groups using FTIR, surface morphology using SEM, surface area using
BET, and elemental composition using XRF. The results indicated that the doum
palm kernel is harmless, and possesses functional groups on its surface, which
may be substituted with the metallic ions present in the wastewater. This gives
the kernel the ability to adsorb positively charged ions on its surface by simple
chemisorption. This mechanism is supported by the rough surface observed in
the scanning electron microscopy. Adsorption and desorption of nitrogen was
made at STP and the curve indicated very high correlation of close to unity. The
surface area measured by multi BET method was recorded as 13.464 m%/g. This
value is not high enough to adsorb metals by physical adsorption.
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INTRODUCTION zinc, excess zinc can be harmful. The free zinc ion

The pollution of water resources due to the dis-
posal of heavy metals has been causing world-
wide concern. The main sources of these metals
are mining, metallurgical, chemical manufactur-
ing, tannery, battery manufacturing industries,
fossil fuel, the modern chemical industry is based
largely on catalysts, many of which are metals or
metal compounds, production of plastics, such as
polyvinyl chloride, involves the use of metal
compounds, particularly as heat stabilizers, etc.
The effects of heavy metals such as copper, zinc,
mercury, chromium and cadmium on human
health have been investigated extensively. Zinc is
one of these heavy metals which is considered as
toxic materials if it exceeds the acceptable level.
Its oxide is widely used as a white pigment in
paints, and as a catalyst in the manufacture of
rubber. Zinc waste causes environmental and
public health problems. Although humans can
handle proportionately large concentrations of
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in solution is highly toxic to plants, invertebrates,
and even vertebrate fish. Excess amount of zinc
may cause zinc toxicity which leads to a severe
hemolytic anomie, liver and kidney damages;
vomiting and diarrhea are possible symptoms
[23]. The consumption of fruit juices stored in
galvanized cans has resulted in mass parrot poi-
sonings with zinc [4].

Leather manufacture is a water-intensive process
and generates a significant volume of liquid and
solid waste. Only about 50 % of the raw hide col-
lagen ends up as finished leather whereas only
about 20 % of the large number of chemicals
used in the process is absorbed by leather [7].
Typically, one ton of wet salted hide generates
about half a ton of solid wastes (of different dry
matter content) and almost as much of sludge
dewatered to about 30 % of dry matter content.
Untreated liquid, solid and air emissions gener-
ated by the tanning industry can thus pose a se-
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rious threat to the environment, particularly to
surface and ground water. Lower production
costs because of lower wage levels and less strin-
gent environmental protection laws are consid-
ered the primary factors responsible for reloca-
tion of the tanning industry to the South during
the last 2-3 decades [6].

Water is a very vital substance to all natural and
anthropogenic activities. It regenerates and
shape, oceans, seas, rivers, lakes and forests, be-
coming part of the identity of environments and
landscapes and of paramount importance for the
development of ecosystems and human life [11].
Water is a vital resource needed for the suste-
nance of life including aquaculture. Living organ-
isms requires water for existence, growth and
proliferation. Furthermore, water is also essen-
tial for socioeconomic development and mainte-
nance of the ecosystem. As such, water is an im-
portant component of all living things. Interest-
ingly, nearly 70 % of the earth is occupied by wa-
ter including fresh, brackish and marine [13]. Ba-
sically, water exist in the form of solid (ice), fluids
(vapor and liquid). Besides the usefulness of wa-
ter to living organisms, it has found applications
in several areas including industries, agriculture,
transportation, energy and domestic uses. Water
is a natural resource of fundamental importance.
It supports all forms of life and creates jobs and
wealth in the water sector, tourism, recreation
and fisheries. Without water life as it exists on
our planet is impossible. 97.5 % of water on the
earth is salt water, leaving only 2.5 % as fresh
water of which over two thirds is frozen in gla-
ciers and polar ice caps. The remaining unfrozen
fresh water is mainly found as groundwater, with
only a small fraction present above the ground or
in the air. Freshwater is a renewable resource,
yet the world's supply of clean, fresh water is
steadily decreasing. Water demand already ex-
ceeds supply in many parts of the world, and as
world population continues to rise at an un-
precedented rate, many more areas are expected
to experience this imbalance in the near future
[1, 25].

Water pollution is a major problem for the envi-
ronment and can negatively affect the sustain-
ability of water resources. Coagulation-
flocculation is an important unit operation for
the primary treatment of wastewater whereas
activated carbon is a secondary treatment for
wastewater. Coagulation removes dissolved and
colloidal substances in wastewater by overcom-
ing the interparticle repulsive energy barrier by
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simply increasing the ionic strength and destabi-
lizes colloids by neutralizing the forces that keep
them apart. Flocculation occurs through the
bridging between particles to form larger flocs
for sedimentation to take place natural coagu-
lants have been proven to be effective in treating
wastewater. Today, the prime concern of the en-
vironmental engineers is how to lower the co-
agulants and flocculants cost and to improve the
characteristics of the produced sludge for safe
utilizing. Aloe Vera can be promoted as a good
natural flocculant in surface water for the re-
moval of turbidity [17].

Zinc is one of the trace elements that occur in or-
ganisms, mainly in the liver, kidneys and in the
bones. The metabolism of zinc and of other ele-
ments is subject to hormonal regulation with
participation of glycol-corticoids, insulin and
catecholamine. Also, zinc transformations are
aided by interleukin-1, related with the immune
system, inflammatory conditions and stress [18].
Its most important function is participation
maintaining the activity of numerous enzymes
which determine the proper course of physio-
logical processes. The human body contains ap-
proximately 2.3 g zinc, and it has a dietary value
as a trace element. Its functions involve mainly
enzymatic processes and DNA replication. The
human hormone insulin contains zinc, and it
plays an important role in sexual development.
Minimum daily intake is 2-3 g, this prevents defi-
ciencies. The human body only absorbs 20-40 %
of zinc present in food, consequently many peo-
ple drink mineral water rich in zinc. Symptoms of
zinc deficiencies are tastelessness and loss of ap-
petite. Children's immune systems and enzyme
systems may be affected. Higher zinc application
appears to protect people from cadmium poison-
ing. Zinc may also decrease lead absorption. The
relation copper/zinc in the human body is an im-
portant characteristic. One may also absorb zinc
overdoses. This does not occur very regularly.
Symptoms include nausea, vomiting, dizziness,
colic, fevers and diarrhea and mostly occur after
intake of 4-8 g of zinc. Intake of 2 g of zinc sul-
phate at once cause acute toxicity leading to
stomach aches and vomiting. Strikingly, zinc be-
longs to the same elemental group in the periodic
chart as cadmium and mercury, which are both
toxic. Examples of zinc-related health effects also
include mucous membrane infection from zinc
chloride (lethal dose 3-5 g), and zinc vitriol poi-
soning (lethal dose 5 g). Lead is very poisonous.
It can damage kidneys, male reproductive sys-
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tem, liver, lungs, spleen, bone marrow, and bone.
It may cause anemia, and possibly affect the
memory [12]. The effects of lead on adults are
generally reversible, but not for children under
six years of age. Lead intake can affect a child’s
mental and physical growth, and learning ability.
A particular concern is water used for formula
fed infants as it can contribute 40-60 % of an in-
fant’s lead intake [12].

Many physicochemical methods for heavy metal
removal from aqueous solution have been devel-
oped. These methods include precipitation, resin
chelation, electrochemical deposition, reverse
osmosis, ion exchange, coagulation and solid-
phase extraction [19]. These techniques how-
ever, have disadvantages such as incomplete
metal removal, high reagent and energy re-
quirements and generation of toxic sludge.

The environmental pollution is becoming the
most challenging threat to the human beings as a
result of rapid industrialization and growth
population throughout the world. Mostly the ar-
eas situated around industrial belts are under
stress due to the continuous disposal of the un-
treated wastes from the various industries. The
quality of water is continuously deteriorating due
to addition of toxic as well as colored effluents
from various industries [15]. There are many
types of wastewaters that pollute the environ-
ment especially the aquatic ecosystem. Textile
wastewater, industry used water, landfill
leachate, ternary wastewater, and oily wastewa-
ter are the examples that causes pollution to the
environment [14]. Ternary wastewater also con-
tains high BOD and COD value, suspended solids
and toxic compounds. Colored wastewaters or
ternary wastewaters also introduce the potential
danger to human being through the process of
bioaccumulation [14]. Wastewater discharge
from chemical industries contain high amount of
heavy metals such as Cr, Cu, Cd, Ni, As, Pb, Hg,
and Zn which are hazardous to the environment
[14]. The introduction of chemicals into the envi-
ronment by human activities can represent a se-
rious risk to environmental and human health.
The Chemical Abstract Service database at pre-
sent includes more than 33 million organic and
inorganic substances and over 59 million se-
quences. This database is updated daily and, on
average, approximately 4000 new substances are
added each day [16]. Therefore, it is important to
remove heavy metals from the waste stream. The
removal of heavy metals from industrial effluents
is a field of research that has attracted increasing
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attention from the scientific community as the
quest for green chemistry takes center stage.
Heavy metals in wastewaters are hazardous to
the environment and therefore their removal be-
fore waste water discharge is apparent [19].
These substances are stable and persistent envi-
ronmental contaminants since they are non-
biodegradable [19]. Chromium is one of the toxic
metals often found in effluents discharged from
industries involved in paints, pigments, dyes, tex-
tiles, leather tanning, electroplating, metal finish-
ing, nuclear power plants and chromate prepara-
tion. Chromium can exist in several oxidation
numbers but only chromium (III) and chromium
(VI) are stable enough to occur in the environ-
ment. The hexavalent form is more toxic than the
trivalent one.

The continuous discharge of contaminated water
into a body of water and soil prevents their capa-
bility for self-purification. Thus, the organic and
inorganic compounds in wastewater must be
eliminated by specific treatments [22]. The proc-
ess type and sequence depend on the origin of
wastewater and the destination and/or the use it
will have. The wastewater characterization is
also essential for an adequate design of efficient
treatment technologies. The treatment of indus-
trial wastewaters is more complex than sewage
wastewater, and therefore often requires terti-
ary/advanced treatment. Heavy metals released
to environment have continuously increasing
trends as a result of industrial activities and
technological developments, which is a signifi-
cant threat to the environment and public health
due to their toxicity, accumulation in food chain
and persistence in nature. Toxic heavy metal ions
introduced to the aquatic streams by means of
various industrial activities viz. mining, refining
ores, fertilizer industries, tanneries, batteries,
paper industries, pesticides, etc. [5]. Several epi-
sodes due to heavy metal contamination in
aquatic environment have increased the aware-
ness about the heavy metal toxicity. Moreover,
high intakes of these metals can cause liver, kid-
ney and pancreas damage [5].

Contamination of aquatic environments by acidic
drainage and associated toxic metals is a wide-
spread problem in watersheds affected by hard-
rock mining. Adverse effects of acidity and asso-
ciated toxic metals on aquatic ecosystems may
extend far downstream from sources of acidic
drainage [6]. Water quality and the risk to wa-
terborne diseases are critical public health con-
cern in many developing countries. It observed
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that close to a billion people most living in the
developing world do not have access to safe and
adequate water. Most water sources in develop-
ing countries are polluted by both organic and
chemical pollutants which include heavy ele-
ments [8].

Heavy metal contamination of aquatic ecosystem
has long been recognized as a serious problem, it
may have lethal effect on ecological balance of
recipient environment and diversity of aquatic
organism. Water is a finite resource that is very
essential for human existence, agriculture and
industry. Without doubt, inadequate quantity
and quality of water supply have serious impact
on water resources management and environ-
mental sustainability [9]. National Pollutant Dis-
charge Elimination System (NPDES) permit de-
velopment at the Savannah River Site (SRS), lim-
its for Zn were proposed based on a simplified
“recalculation” method. The recalculation was
performed in 2007 resulting in a proposed limit
for Zn of 153.2 pg/1[10].

Rapid industrialization and development re-
leased excessively heavy metals into the envi-
ronment. Industries such as mining, metal plating
and battery manufacturing, result in the release
of heavy metals to aquatic ecosystem. Hence, it is
important to remove heavy metal from the waste
stream [20].

Toxicity of stream water was associated with
elevated concentrations of several dissolved
metals, especially zinc and copper. Laboratory
tests demonstrated that dissolved zinc was
highly toxic to amphipods, less toxic to fathead
minnows, and least toxic to brook trout,
Salvelinus fontinalis, and the predominant fish
species in the Animas River watershed study
area. Significant toxic effects of zinc on early life
stages of brook trout occurred at concentrations
of 960 pg/1 or greater [6].

Interestingly, the present study tries to address
the polluting effect of Gombe ternary wastewater
using doum palm seed kernel which is also a
waste contributing nothing to the environment
when thrown other than litter.

METHODOLOGY

Ternary wastewater was obtained from Gombe
and fully analyzed physically and chemically. The
analysis on the effluent water from the ternary
for the presence of heavy metals was made using
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atomic adsorption spectrophotometer (AAS). All
other water parameters were measured using
DR2000 spectrophotometer. Sorption study was
conducted using 6-cell jar test kit under batch
study. Doum palm seed was obtained and proc-
essed from Gombe. FTIR Spectroscopy was used
to determine the frequency changes in the func-
tional groups in the doum palm sample. The
spectra were collected using Shimazu FTIR-
8400S equipped with diffuse reflectance acces-
sory within the range of 400-4000 cm-1. The
samples were ground in an agate pestle and mor-
tar. A small amount of sample was transferred to
diffuse reflectance rods in the form of thin film.
The samples were dried for 6 h in a heating oven.
With regard to recording the spectra, 16 scans
and 8 cm! resolutions were applied in accor-
dance with [1]. The background obtained from a
scan of empty rod was automatically subtracted
from the sample spectra. All spectra were plotted
using the same scale on the absorbance axis. The
surface area and pore analysis was made using V-
Sorb 2800P surface area and Porosimetry Ana-
lyzer. This was made at ambient temperature
and the sample was degassed at 100 °C using ni-
trogen. Surface morphology of the material was
determined using scanning electron microscope
(SEM) at 15kV-mapping and 5000 magnifica-
tions.

RESULTS AND DISCUSSION

Table 1 presents the result obtained for the
analysis of Gombe ternary effluent. The concen-
trations of zinc and lead in the wastewater efflu-
ent are 0.81 and 0.03 milligram per liter respec-
tively. This may be harmful to aquatic life, and
may have a long term accumulative effect on hu-
mans.

Table 1 - Values of heavy metals detected in Gombe
Ternary effluent using AAS

No | Metal detected Concentration (mg/1)
1. | Lead 0.03
2. | Zinc 0.81
3. | Copper 1.10
4. | Iron 0.50
5. | Manganese 0.40
6. | Calcium 28.1
7. | Potassium 26.0
8. | Magnesium 19.7
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Different measured quantities of the processed
doum palm seed kernel (DPSK) powder was
charged into each of the 6-cell jar test apparatus
and stirred for 30 minutes. The following results
were obtained as presented in Table 2.

Table 2 - Result of batch sorption study on Gombe
Ternary effluent using (dpsk) at 30 minutes’ contact
under variable dosage

Metal concentration (mg/1)
Dosage (ppm) Zinc Lead
0 0.81 0.03
167 0.07 0
334 0.06 0
500 0.03 0
668 0.01 0
835 0 0

Table 3 presents the result obtained when time
was varied at constant speed and optimum dos-
age.

Table 3 - Effect of time on zinc removal from Gombe
Ternary wastewater at room temperature

Zinc conc. Time Zinc removal
(mg/1) (min.) (%)
0.81 0 0
0.5 32 38
0.24 40 70
0.08 48 90

Table 4 presents the effect of temperature on
zinc removal from Gombe Ternary wastewater.

Table 4 - Effect of temperature on zinc removal from
Gombe Ternary wastewater

Zinc Zinc Zinc
Temperature
°C) conc. uptake removal
(mg/l) | (mg/l) (%)
25 0.81 0 0
30 0.65 0.16 20
40 0.2 0.61 75
45 0.08 0.73 90
50 0 0.81 100

Figure 1 presents the FT-IR spectrum of doum

palm kernel.
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Figure 1 - FT-IR spectrum of Doum Palm Seed kernel

The FTIR Spectroscopy is an important analytical
technique which detects the vibration character-
istics of chemical functional groups in a molecule.
On interaction of an infrared light with the mat-
ter, chemical bonds will stretch, contract and
bend. As a result, chemical functional group
tends to absorb infrared radiation in a specific
wavelength range regardless of the structure of
the rest of the molecule. Based on these princi-
ples, effect of pre-treatment on the surface func-
tional groups of doum palm kernel was ade-
quately studied in the range of 400-4000 cm™1 as
shown in Figure 1.

FTIR analysis for doum palm kernel was taken
before any uptake of pollutant. The main func-
tional groups present on surface of doum palm
kernel were amino, carboxylic, phosphate and
carbonyl. The spectra of the kernel showed peaks
at 3747.81, 3456.55 cm~! which resulted from
presence of hydroxyl group and NH stretching
respectively, while peak at 3244.38 cm-! resulted
from presence of ammonium ion on the surface.
Peak at 2191.21 cm resulted from the presence
of medial alkyne C=C (acetylenic compounds).
The spectra showed the presence of olefenic al-
kene group in the structure of the kernel as it de-
picts a peak at 1643.41 cm'l. Aromatic ring
stretching of C=C-C group resulted when the
spectra showed a peak at 1506.46 cmL. The peak
at 1402.30 cm! indicates the presence of phenol
or tertiary alcohol OH bend. The C-C bond stretch
resulting from aryl skeletal vibration has a peak
at 1247.99 cmL. An indication of the presence of
aliphatic chloro compounds showed a peak at
779.27 cm1. Alkyne C-H bend has peak at 613.38
cm1 while alcohol OH out of plane depicts its
peak at 478.36 cm1. The presence of OH- ion on
the surface will have a good chemisorption abil-
ity between the surface and the Zn2* from the
ternary wastewater.
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Adsorption and desorption of nitrogen at stan-
dard temperature and pressure (STP) was per-
formed using and data plotted using linear iso-
therms as presented in Figure 2.

2.5 4
y =1.5213x + 1.8055
R*=10.9433

15 ® Desorption
# Adsorption

y=8.1027x+0.0293
R?*=0.9993

Quantity adsorbed/desorbed
(cm3/g at STP)

0 0.05 0.1 0.15 0.2 0.25 03
Relative pressure (P/Py)

Figure 2 - Linear isotherm plot for nitrogen
adsorption/desorption at STP on Doun Palm kernel

The volume adsorbed and desorbed correlated
very well with both R2 close to 1. The surface
area was measured using multi BET method. The
surface area by this method was found to be
13.46 m2/g while the surface area by Langmuir
technique 31.25 m?/g.

Scanning electron microscopy (SEM) analysis
was performed to study the morphology of the
adsorbent material. The samples were mounted
on brass stubs using double-sided adhesive tape.
SEM photographs were taken with a scanning
electron microscope at various magnifications.
The working distance of 12.5 mm was main-
tained, and the images were collected at an accel-
eration voltage of 5 kV while using a secondary
electron detector. The scanning Electron Micro-
gram which depicts the surface morphology of
doum palm kernel was made as shown in Fig-
ure 3.

Figure 3 - Scanning Electron Microgram of doum
palm kernel
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SEM microgram showed asymmetric pores that
were rough and cylinders on the surface of the
doum palm kernel before ion adsorption. These
cylinders seem to be composed of multicellular
tubes bound together by lignin. The rough sur-
face of the doum palm kernel can improve the
interaction with metal ions. This conform very
well with [3] and [21] who studied the adsorp-
tion of Cu?* on date palm trunk fiber.

In X-ray fluorescence (XRF) spectrometry, the
characteristic spectral line radiation emitted by
the analyte is measured to determine the concen-
tration of elements in a given sample [24]. From
the spectroscopy results, doum palm kernel was
found to contain oxides of the following metals as
presented in Table 4.

Table 4 - Elemental Composition of Doum Palm
Kernel as Measured by Xrf

No Elements Composition (%)

1. P 7.3
2. S 3.6
3. K 43.4
4. Ca 13.2
5. Ti 0.2
6. Mn 1.5
7. Fe 2.0
8. Ni 0.4
0. Cu 0.9
10. Se 4.0
11 Mo 2.0
12. Ag 18.0
13. Ba 0.4
14. Re 3.1

Total 100
CONCLUSION

Doum palm seed kernel was successfully proc-
essed and characterized using FTIR for functional
groups present, SEM for surface morphology,
multi BET for surface area, and XRF for elemental
composition. Sorption of lead and zinc ions were
made simultaneously using batch adsorption
technique on Gombe ternary wastewater and
was found suitable in removing all the lead and
part of the zinc present. The result of the FTIR
indicated that doum palm kernel is anionic in na-
ture and hence adsorb positively charged ions
present by chemisorption. The elemental compo-
sition of doum palm seed indicated its harmless
properties. The chemical composition of Gombe
ternary wastewater indicated 0.03 mg/l lead
(Pb), and 0.81 mg/1 zinc (Zn).
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Effect of dosage, time and temperature on lead available lead in the wastewater sample was re-
and zinc biosorption were investigated. It was moved in less than 30 minutes while 90 % of zinc

found out that at the available metal concentra- was removed in 48 minutes at room tempera-
tions, lead has an optimum dosage of 167 mg/1 ture. When temperature was varied, 100 % zinc
whereas 835 mg/l was the optimum for zinc. removal was achieved at 50 °C.

When time was taken into consideration, the
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