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Introduction
Toxic metals are those metals known to cause toxicity to living 

organisms. These metals can be either light metals or heavy metals.1 
The presence of these metals in our environments is of major concern 
due to their toxicity, bio-accumulation, and threat to human life and 
environment.2,3 Toxic metals such as chromium, copper, lead, zinc, 
mercury, cadmium etc., are omnipresent in our environment. Possible 
anthropogenic sources of toxic metals in our environment include 
activities, such as metal cleaning and plating baths, refineries, paper 
and pulp, tanning, and chemical manufacturing processes.4 The 
toxic metals are transported by runoff water and contaminated water 
sources downstream from the contaminant sources.5 These metals are 
non-degradable and are very resistant to biodegradation. In living 
organisms, toxic metal ions mainly bind to nucleic acids, proteins and 
small metabolites. The cells biological functions are hampered as they 
lose their homeostatic control of essential metals, resulting in fatal 
health problems.6

Cadmium(Cd) is a bluish white malleable, ductile and divalent toxic 
element. Cadmium is quite ubiquitous in nature. It ranges between 
0.1ppm to 0.5ppm. Cadmium emerged from electroplating processes 
and other electronics manufacturing applications. Furthermore, 
cadmium is also used for stabilizing poly-vinyl chloride, in television 
phosphors picture tube, in nickel cadmium batteries and even in 
controlling rods and shells in nuclear reactors. Nearly, all cadmium 
production in the world rises as by product of zinc smelting.7,8 This 
can lead to exceeding permissible limit of 3.0 ppb according to WHO 

in drinking water.9,10 Cadmium and cadmium compounds are among 
known human carcinogens. It is believed to cause several damages 
to the lungs if breathed at high level, which can cause irritation to 
the stomach leading to vomiting and diarrhea.11 Cobalt (Co) is a 
naturally occurring element in the earth crust. Plants and animals need 
cobalt for their function in trace amounts. The side effects of cobalt 

include weakening of the heart muscles (cardiomyopathy), hearing 
loss, vision loss, hypothyroidism, and cognitive impairment.12 Lead 
(Pb) contaminant comes from industrial mining, steel, automobile, 
batteries, waste from science laboratory, paints and pollutants arising 
from increasing industrialization. It can cause nausea, encephalopathy, 
headache and even mental retardation.13

 Manganese (Mn) is the 12th most abundant metal in the earth’s 
crust. Uses of manganese include the production of medical imaging 
agent, dry cell batteries, fertilizer, as additive in gasoline to increase 
octane gas rating and in pharmaceutical product.14 Manganese is 
essential and it is not toxic at a trace level. It is toxic if it accumulates 
in excess amount with serious effect to human health including 
damaging of nervous system, irritation of the lungs, pneumonia, 
sperm count reduction, kidney and formation of kidney stones etc.15 
Therefore, it is necessary to eliminate such hazardous toxic metal 
ions in waste water before discharging it into the ecosystem. To 
eliminate hazardous toxic metals there are a number of methods used 
in eliminating them from environment especially from drinking water 
source and waste water. Such methods include chemical precipitation, 
oxidation-reduction, solvent extraction, ion-exchange and the use of 
biosorbents.16 These methods, however, have merits and limitations 
in their applications and often is limited by technical and economic 
issues. The adsorption process is arguably one of the more popular 
methods for the removal of toxic metals ions. It is simple, convenient, 
and has high removal efficiency. Therefore, the use of effective 
materials as sorbents for metals removal from waste water has been 
a focus for the present study. Ajwaa dates seeds powder is capable 
of removing trace levels of toxic metal ions.17 As Ajwaa seeds are 
abundantly available, cheaper and with various functional groups 
(such as carboxylic acid, ester, carboxylate, hydroxyl, phenolic and 
amino) which can serve as adsorption sites for heavy metal ions.18 
However, to improve their absorption capacity and enhance the 
separation rate, the design and exploration of novel adsorbents are 
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Abstract

At the present time, there is continuous increase of heavy metal burden in our environment, 
which has become one of the most serious problems globally. Heavy metals cause threat 
on land and in aquatic life. The problem of metals is significantly attributed by increase of 
activities from industrial, agricultural, hospital sectors etc. Heavy metals are not degradable, 
but they are persistent in environments. The aim of this study is to prepare adsorbent 
from powder of Ajwaa date seeds (PADS). The adsorbent was applied in removing heavy 
metal ion such as cadmium, lead, copper, chromium, cobalt and manganese from aqueous 
solution. The study also examined the removal efficiency of PADS. Constant mass of 
0.1gram of PADS which was added in a volume of 50 mL of ultra-pure water reached 
maximum removal efficiency of 93.34%, 71.06%, 92.06%, 96.96%, 95.91% and 36.13% 
for Cd2+ ions, Cr3+ ions, Co2+ ions, Cu2+ ions, Pb2+ ions and Mn2+ ions respectively. The 
findings of the present study can be taken as a best solution and baseline information of 
heavy metal removal in different areas. The PADS treatment is efficient, simple, low cost 
and green alternative for heavy metal treatments methods to overcome the problems of 
heavy metals discharged in aqueous solution.
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still necessary. Another important point of the present research plan is 
that until now, there is paucity of data on the removal of toxic metals 
with adsorption onto Ajwaa date seeds powder (PADS). Hence the 
present work intends to investigate removals of toxic metals (lead, 
chromium, cadmium, cobalt, manganese and copper) from aqueous 
solution by using powder of seeds of Ajwaa dates.  

Materials and methods
Study sites

The materials used in this study were prepared in Zanzibar. 
Nevertheless, the analysis of heavy metal contamination was done at 
analytical chemistry laboratory in Brunei Darussalam (UBD).  

Equipment and apparatus 

Inductively Coupled Plasma Optical Emission Spectrophotometer, 
digital weight balance, filter paper, spatula, 100 mL beaker, 100 mL 
conical flask, 1000 mL volumetric flask and funnel were used for the 
research.

Collection of the sample 

The ICP multi-elements standard solution IV of analytical grade 
was used as control. The Ajwaa dates were purchased from Darajani 
Herbalist shop in Zanzibar. The seeds were taken out as raw materials 
for the powder. The pictures of the sample are shown in (Figure 1).

Figure 1 (a) Ajwaa dates (b) Ajwaa date seeds.

Reagents and chemicals

ICP multi-element standard solution IV and ultra-pure water 
(Figure 2) 

Figure 2 ICP multi-elements standard solutions.

Preparation of adsorbents from Ajwaa date seeds 

Date seeds of Ajwaa dates were taken out from their original date 
fruits. The seeds were washed with clean rain water several times and 
afterwards with double distilled water. They were then dried in oven 
at 80°C for 1hour. The dried date stones were removed from the oven. 
The oven temperature was adjusted to 550°C. The Ajwaa dates seeds 
were inserted again and allowed to stay in the oven for an extra 1 hour 
at a constant temperature of 550°C. After 60 minutes the samples were 
removed from the oven and transferred into a desiccators containing 
silica gel to prevent adsorption of air and for cooling in 1hour. After 1 
hour the cooled black Ajwaa date seed samples were put in electrical 
grinder. The grinder was operated until very fine black powder was 
observed. It was then sieved using a 100 µm sieve to get fine powder. 
The powder was put in an air tight plastic bag and stored it in cleaned 
desiccators. 

Preparation of standard reagent 

1000 mL volumetric flask was cleaned, dried and labeled. A Stock 
standard solution containing 1000ppm of lead (ii) ion, cadmium (ii) 
ion, copper (ii) ion, chromium (ii) ion, cobalt (ii) iron and manganese 
(ii) ion by method of continuous dilution was diluted to 100ppm. This 
was followed by a dilution to 10ppm and then finally diluted to 2ppm. 
50mL of 2ppm of prepared standard solution was put into the flask 
labeled S3. They were all stored in a cool and dry place. 50mL of 
Deionized water was used in the preparation of the above standard 
solution and then kept in another container labeled blank. The blank 
and the prepared standard solution of 2ppm were analyzed by Optical 
Inductive Coupled Plasma Spectrophotometer.  

Removal of heavy metal ions by 0.1gram of powder of 
Ajwaa dates seeds (PADS) 

Ten conical flasks were cleaned, dried and labeled A1, A2, A3, A4, 
A5, A6, A7, A8, A9, and A10. 0.1gram of PADS was added into the 
flask labeled A1, A2, A3, A4, A5, A6, A7, A8, A9 and A10. 50 cm3 
of synthetic waste water were added into each labeled flask above 
containing 0.1 gram of powder of Ajwaa date seeds. The solutions 
in the flasks were homogenized and allowed to settle overnight. The 
mixtures were then filtered to get clear solutions. The analyte was put 
in 50mL sealed container labeled A1, A2, A3, A4, A5, A6, A7, A8, A9 
and A10. The filtrate was stored in a cool and dry place. 

The preparation of multi metal standard solution

The multi metal standard solution was prepared, containing 
0.1922ppm of cadmium, 0.1645ppm of chromium, 0.1713ppm of 
cobalt, 0.1908ppm of copper, 0.1956ppm of lead and 0.2023ppm of 
manganese. 50 mL of multi metal standard reagent with 0.1gram of 
powder of seeds of Ajwaa date were transferred into conical flask, the 
mixture shaken by using rotary shaker at 200rpm and kept overnight 
so as to allow maximum removals. The mixture of adsorbent and 
adsorbate was filtered by using a filter paper. The analyte obtained 
was analyzed by Inductively Coupled Plasma spectrophotometer. 

Statistical data analysis
The experiment was carried out at room temperature, and the 

analysis was carried out using ICP – OES and repeated three times, 
the mean values from the data were taken for Statistical analysis. The 
removal efficiency of selected heavy metals in terms of percentage 
removals were calculated in excels software by typing formula:
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Where, Ci- represents initial heavy metals concentration, Cf- 
represents final heavy metal concentration. Other data analysis such 
as maximum % removal, minimum % removal, mean, standard 
deviation and variance were done by using IBM SPSS statistics 20 
version.

Results
Table 1 The removal efficiency of the heavy metal ions using 

PADS. The results showed a very high removal capacity of heavy 
metals except for manganese. This revealed that PADS are very good 
adsorbent for metals ion removals from aqueous solution.

Figure 3 The maximum removal efficiency of heavy metal ions 
were very high except for manganese. This indicates that the metals 
had high bond strength to powder of ajwa date seeds except for 
manganese.

Table 1 The percentage removal efficiency of the heavy metal ions using PADS

Range Minimum Maximum Mean Std. Deviation

[Cd]removed 0.165 0.015 0.179 0.118 0.069

[Cr]removed 0.07 0.047 0.117 0.076 0.032

[Co]removed 0.114 0.044 0.158 0.105 0.051

[Cu]removed 0.071 0.114 0.185 0.159 0.029

[Pb]removed 0.018 0.17 0.188 0.179 0.005

[Mn]removed 0.049 0.024 0.073 0.052 0.022

%Removal of [Cd] 85.59 7.75 93.34 61.613 35.791

%Removal of [Cr] 42.37 28.69 71.06 46.274 19.595

%Removal of [Co] 66.49 25.57 92.06 61.407 29.764

%Removal of [Cu] 37.11 59.85 96.96 83.084 15.29

%Removal of [Pb] 9.2 86.71 95.91 91.314 2.699

%Removal of [Mn] 24.27 11.86 36.13 25.787 10.82

[Cd]equlilibrium 0.165 0.013 0.177 0.074 0.069

[Co]equilibrium 0.114 0.014 0.128 0.066 0.051

[Cr]equilibrium 0.07 0.048 0.117 0.088 0.032

[Cu]equilibrium 0.071 0.006 0.077 0.032 0.029

[Mn]equilibrium 0.1 0.129 0.229 0.181 0.043

[Pb]equilibrium 0.018 0.008 0.026 0.017 0.005

Figure 3 Maximum and minimum % removal of heavy metal by using PADS.

Discussion
Ajwa dates are very rich in nutrients including vitamins A, B6, C, 

E and K, folate, niacin, thiamin, and riboflavin.19,20 It is quite soft and 
juicy, moderate, good in fruit flavor, and easily chewable. Ajwa dates 
are the most beneficial fruits for human health. Some proven health 
benefits according to various research include: Improvement of the 
digestive health, promotion of colon health, anti-inflammatory action, 
reduction of blood pressure, reduced stroke risk, a healthy pregnancy 
and delivery, boosting of brain health, bone health, energy and 
stamina.21 It is abundant, locally available and effective material that 
could be used as an adsorbent for the removal of different pollutants 
from aqueous solution.21

The study showed a very low level of heavy metals after treatment 
with powder of date seeds. This result is an indication that PADS are 
very goods adsorbent for metals ion removals from aqueous solution. 
The maximum removal efficiency of heavy metal ion was excellent 
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except for manganese (ii) ion. The order of removal capacity was Cu2+ 
> Pb2+ > Cd2+ > Co2+ > Cr3+ > Mn2+. This finding could be attributed 
to the bond strengths of the various metals to ajwa date seeds.22 This 
does indicate that Cu2+ ion had the highest bond strength to powder of 
ajwa date seeds followed by Pb2+ ion, Cd2+, Co2+, Cr3+ and finally Mn2+ 
ion which has the lowest bond strength. 

An important separation technique for toxic metals removals from 
effluent is adsorption,23 it can be applied to discover many tons of 
adsorbate materials.24 Adsorption takes place in two ways, that is, 
physical or chemical adsorption. Because of the stronger interactions 
between adsorbate and adsorbent, chemical adsorption is the most 
effective for toxic metals removals compared to physical adsorption.25 
The functional groups on the surface of the adsorbent provide 
interaction sites for toxic metal removals.

The relative ability of the metal species to compete for active 
surface sites of adsorbent PADS could be as a result of differences in 
electro negativity and hydrated radius of the removed heavy metals. 
The higher the electro negativity of a heavy metal, the larger will be 
its tendency to adsorb.26 Additionally, the smaller the hydrated radius 
of a heavy metal, the faster and quantitatively larger its adsorption 
over a carbon surface.27 This means that those with high electro 
negativity and small hydrated radius were highly removed compared 
to the others. Experimental and model results by some researchers 
suggested that date seed-derived bio char has high adsorption capacity 
for Pb[II] compared to other plant-based biochars.28

There is paucity of data as well as research on the use of date 
seed powders as adsorbents for heavy metals. Most research had 
concentrated on the use of date stones instead of powders as potential 
adsorbents. Some workers,29 who fed different doses of date palm seed 
on some species of fresh water fish recorded a significant decrease on 
the heavy metal concentrations of the fishes. They therefore concluded 
that feeding common carp a diet enriched with date palm seed extract 
could decrease heavy metal concentration that can cause cancer. Other 
researchers [30] tested the adsorption of targeted heavy metals by raw 
date pits and burnt date pits. The result showed that burnt date pits 
were more efficient as adsorbents and mostly adsorbing Cu(II). They 
attributed the enhanced removal efficiency to the increased area of the 
adsorbent surface made possible by the burning of the date seeds. This 
very high rate of Cu(II) adsorption was equally demonstrated in our 
study. The high removal efficiency of carbonized date seeds for the 
removal of heavy metals Cu(II) from industrial waste water collected 
from tannery had also been demonstrated by another group of workers 
[31]. Some workers,27 considered the order of heavy metals adsorption 
on dates pits adsorption carbon to be Pb(II)>Cu(II)>Cd(II)>Zn(II). 
This result was not too different from our findings. The nature and 
design of the prepared date stones could have accounted for the 
slight difference. Additionally, the observed equilibrium means, 
and standard deviation demonstrated excellent fitness of the used 
adsorbent for heavy metals removal except for manganese.

Conclusion
The powder of Ajwaa date seeds (PADS) had been converted 

into adsorbent and successfully applied in this study as a cheap and 
effective adsorbent for the recovering of copper (ii) ions, lead (ii) ions 
cadmium (ii) ions, cobalt (ii) ions, chromium (iii) ions and manganese 
(ii) ions from aqueous solution. The removal experimental study and 
mechanisms also depend on various factors such as initial metal ion 
concentration, competition of metal-metal ions to the binding sites, 

temperature, properties of metals ions, the size of ions and solubility 
of metals ions. The results of the study showed that the adsorption 
efficiency of PADS was remarkably high. The maximum metal ions 
removals efficiency using PADS were very high for most of the 
metals except manganese. It is therefore plausible that with the high 
adsorption efficiency, adsorbent (PADS) can be used to remove metal 
ions from aqueous solution.
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