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Abstract: This study was carried out to find a new, affordable, and ubiquitous adsorbent that has the ability
to remove trace metals. In this study, Cynodon dactylon dried grass was used. The proposed adsorbent
shows a faster and higher removal for Cadmium (Cd) than it was for Nickel (Ni). The removal efficiency
(R%) was decreased from 78 t052% and from 32 to 13 % for Cd and Ni respectively as the initial metal
concentrations increased from 10 to 50 ppm. while the R% increased from 52 to 63% and from 13 to 17%
for Cd and Ni respectively as the adsorbent weight increased from 0.25 to 0.5 gm and after that it reach
equilibrium. On the other hand, Cd removal was the highest in acidic conditions while Ni removal was
highest in alkaline conditions. Throughout the whole study, the proposed adsorbent shows a much higher
ability to remove Cd than it was for Ni.

Introduction

Water is the source of life, and without it, no life form can exist. Three-quarters of the living human
body consists of water, and almost 90% of the plant is water. this essential element is under ever-growing
stress due to elevated consumption and raising pollution levels caused by various anthropogenic activities,
and that goes for both developed and developing countries [1]. Among these pollutants that can pollute water
bodes heavy metals rise attention due to their effect on public health. Heavy metals can enter water bodies via
natural and man-made sources. The natural sources include weathering and erosion, while the man-made
sources include industrial, agricultural, and household wastes respectively [2]. Heavy metals are metals and
metalloids that have a density of more than 4 g cm™ They can cause cancers, heart and neuro-system diseases,
and diabetes. Heavy metals that exist in water are soluble which are beaning uptake and accumulate in the
food chain ultimately affecting human health [3]. Some heavy metals are necessary for the growth of humans,
animals, and plants but up to certain permitted levels such as iron, copper, and zinc, but above that acceptable
limit they become toxic. while, trace metals such as lead chromium, cadmium, arsenic, and mercury are toxic
at any concentrations and have no role in the development of both animals and plants [4,5]

As mentioned above humans and other living organisms do not require cadmium and it has no essential
role in their growth and development. But it’s required for a variety of industries such as batteries, plastic,
alloys, and solar cells. The anthropogenic activities accounted for most of the cadmium that exists in the
running water. exposure to cadmium can damage the immune system, growth, and reproduction as well as the
endocrines [7].

On the other hand, Nickel is ubiquitous in the environment. It acts as an essential micro-nutrient in both
hormones’ activities and in lipids metabolization [8]. correspondingly, nickel is extensively used in different
industries including stainless-steel production, alloys, batteries, coins, electronics, and electroplating. Nickel
can enter the water body through human activities such as metal-forging processes, fissile fuel burning
chemical industries wastewater as well as sewage [9]. When come to contact nickel can cause allergy, heat
and kidney illness, and damage to the lungs [10]. Nickel can be toxic, teratogenic, and carcinogenic as well
[8].

Since those heavy metals can cause such drastic effects on the environment and health the different
industries are obligated to minimize the concentrations of trace metals and other containments to the
permissible limit before releasing them into the environment. That can be done using different chemical,
physical and biological treatment methods, and among these treatment methods adsorption is considered more
eligible since it can be cheap, efficient, and easy to apply. And there is an ongoing search for low-price,
effective, available and eco-friendly adsorbent that is capable of removing heavy metals [6].
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The proposed adsorbent in this study is grass (Cynodon dactylon) which belongs to the family poeace,
it’s an ever-green grass, that is ubiquitous worldwide, especially in the hot regions. It has been used in
traditional medicine due to its antimicrobial, antiviral, and antibacterial activities, it can be used as powder,
extract and paste. It contains a variety of metabolites such as proteins, minerals, and carbohydrates as well as
many secondary metabolites [11,12]

Many studies have been carried out to treat heavy metals by using different adsorbents. Khan et al.,
2021[13] stated that charcoal produced from Wheat straw has strong efficiency in removing both cadmium
and lead. Salman et al., 2021 [14] found that activated carbon prepared from water hyacinth used as an
adsorbent has a good ability in removing both lead and cadmium. Yirga et al., 2022,[15] investigated the
ability of orange peel to adsorb both copper and cadmium. The adsorbent was able to remove both copper and
cadmium with a removal percentage of 96.9 and 98.1% respectively. The ajwa date pits were used as adsorbent
by Azam et al. 2022 [16] for the adsorption of copper from the aqueous solutions. The study state that the
ajwa date pits have the potential to act as an adsorbent for copper.

Materials and methods
Experimental work in this study was carried out according to [17, 18].

Adsorbent
In this study Cynodon dactylon was cut down dried in air and then grained by using an electrical mortar
to fine powder without activation as shown in Fig.1 A and B.

A B
Fig.1: A) the dry grass B) grinded grass

Adsorbate
A slandered solutions of Both cadmium and Nickel (with 1000 ppm) was prepared, and then the required
concentrations were set from these slandered solutions

Batch studies

Four experiments were carried out to investigate the ability of the suggested adsorbent to adsorbs both
Cd and Ni respectively. The first experiment was to estimate the best contact time for adsorption by using a
sample size 50 ml, initial metal (Cd and Ni) concentration was 50 ppm, the adsorbent dose was 0.75gm and
the samples were collected on a series of interval times (30, 60, 90 120, and 150 minutes respectively).

The second experiment was used to show the effect of the initial Cd and Ni concentrations on the
adsorption process. The sample size was 50 ml, the contact time for Cd was 90 minutes and for Ni was 150
minutes, the adsorbate dose was 0.75 gram, and a series of initial Cd and Ni concentrations (10, 20, 30, 40,
and 50 ppm respectively).

The third experiment was done to illustrate the effect of adsorbate dose on the adsorption process. The
sample size was 50ml, contact time for Cd was 90 minutes and for Ni was 150 minutes, initial dye
concentration was 50 ppm and a series of the adsorbent dose was used (0.25, 0.5, 0.75, 1, and 1.5gm
respectively).
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The last experiment was carried out to investigate the effect of the aqueous solution pH value. The
sample size was 50ml, contact time for Cd was 90 minute and for Ni was 150 minutes, initial dye concentration
was 50 ppm, the adsorbent dose was 0.75 gm and four pH value was used 3, 5,7, and 9 respectively.

The samples resulting from the four experiments were centrifuged at 5000 rpm for 5 minutes, the
supernatant was taken and recentrifuged at 5000 rpm for 3 minutes and then the supernatant was taken the
concentration of Cd and Ni was measured by using atomic absorption spectrophotometer.

Results and Discussion

The first experiment show that the proposed adsorbent has a moderate ability for removing cadmium at
an initial concentration of 50ppm and it was showing that reach the highest removal efficiency(R%) after 90
minutes and after that, there was a consistency in removal efficiency of Cd as showing in Fig.1. and finding
the best contact time is a crucial from both times consume as well as economical aspects in the treatment
applications [19] And the reason for that could be due to the fact that at early stages of adsorption there plenty
of vacant active site and after reaching equilibrium the adsorption site is filled with Cd ions which produce
repulsive force for the remaining Cd ions [20]. the findings of this study aligned with the results of [21] which
found the AMMH adsorbent shows a fast removal of Cd after 90 minutes and afterward, the adsorption slows
down [22]
While the results show that it has a weak ability in removing Ni and the removal efficiency was increased with
increase of contact time up 150 minutes as shown in Fig. 1. which suggested a slow and weak ability of the
proposed adsorbent in removing Ni. The study results aligned with the results of [23] which stated that the
removal of nickel by chitosan-g-polyacrylonitrile was increased with the rise in contact time but with much
lower removal efficiency achieved by our study.

45

P —

w w
o un

e=@==Cadmium

=N
v O

Nickel

Removal effeciency
N
(051

=
o un O

30 60 90 120 150
Time (Minute)

Fig.1: determine the best contact time for adsorption of both Cd and Ni.

There was a significant difference in the efficiency of the adsorbent in removing Cd when changing the Cd
initial concentrations, the R% was reduced from 78.4 at Cd concentration 10 ppm to 52.46 at Cd concentration
50 ppm. Also, the results show a reverse correlation between the nickel concentration and R%. as illustrated
in Fig.3 and Fig.4 respectively. This can be explained simply by the fact that as the initial concentrations of
metals increase the available active sites will be reduced significantly which lead subsequently to decreasing
the removal efficiency of the adsorbent [24]. the results are similar to the findings of [25] which found that as
the initial concentration of Cu, Zn, and Ni increases the removal efficiency decrease. It also agrees with the
findings of [26] that found the Cd removal by flaxseed reduced with the rase in the Cd concentrations.
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Fig.2: the effects of the initial Cd and Ni concentrations on the adsorption process

The adsorbent dose affects the R% of Cd, the increase of adsorbent dose up to 0.75 gm rase the R% and
above that there was a constant in R% as illustrated in Fig. 3. And that because the increase in the adsorbent
amount in the solution may cause aggregation that leads to the reduction of available active surface for
adsorption, hence, the increase in the adsorbent weight does not cause an increase in the adsorption removal
efficiency [27] that agrees with results of [28] when they use an adsorbent dose ranged from 0.1 to 4 gm the
best adsorption rate of Cd was recorded at 1.5gm and above no increase was recorded in the adsorption of Cd.

While for the Ni removal there was no correlation between Ni removal and the increase in adsorbent
dose, so that R% was dose-independent, and the adsorption was increased as the adsorbent weight increased
from 0.25-0.5gm and then decrease with the increase in adsorbent weight. This is similar to the findings of
[29] but with a much lower removal ability of Ni regarding the results of this study.
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Fig.3: the effects of the adsorbent dose on the adsorption process of Cd and Ni

The pH value of the solution affects the R% of Cd, the lowest R% was at extreme acidity (pH=3) and

at high alkalinity (pH=9), while the highest R% was recorded at Low acidity and neutral media respectively

as illustrated in Fig.4. The lower removal efficiency at lower pH value can be due to the high H+ concentration

which competes with Cd ions for the adsorption sites [30], as the pH value increases the adsorption of Cd

increase while the high PH value (Alkaline) cause the heavy metal precipitation. This agrees with the findings

of [21] which states that Cd adsorption on nano chitosan increases as the PH values increase from 2-5 up to
7.

On the other hand, the highest removal efficiency for Ni was observed in neutral media as shown in Fig.

4. And that the results can be explained by knowing that at a lower pH value of the solution the high

protonation of the active sites on the adsorbent cause repulsion of the metals ions and decrease the adsorption
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with the increase of pH value up to neutral the repulsion decrease and thus increase the adsorption of Ni, while
at high pH value the OH compete with the Ni ions for the adsorption sites [31].
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Fig.4: the effect of the pH value on the adsorption process
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