
INTRODUCTION
At present, wastewater contaminated with dyes is mainly 
obtained from textile industries such as clothing, paper, leather, 
cosmetics, rubber, food, plastic and pharmaceutical industries. 
Because this polluted water resulting from industries is 
discharged into clean water in large quantities, this leads 
to the formation of highly toxic complexes in very large 
quantities that are difficult to remove and cause danger to living 
organisms and also cause environmental pollution. Present 
treatment ways for pollutants contain chemical, physical, and 
biological ways, and so on. Several removal methods have been 
studied via adsorption, photocatalytic degradation, oxidation, 
biological treatments, liquid membrane separation, chemical 
coagulation, and electrolysis.1-4

Adsorption studies are usually focused on adsorbent 
selection, and articles, which estimate its performance for 
pollutant removal can be generally created on the literature: 

Agro-industrial by-products, activated carbon, chitosan, 
industrial waste, limestone, refuse concrete, marble, granite, 
refuse cement, shell, mineral zeolite, minerals, bacterial and 
fungal biomass, amid others has already been considered. The 
studies involving this material presented that it could be a more 
efficient and low-cost material for drug uptake.5-12

Marble waste is preferred over other absorbent materials in 
the treatment and removal of wastewater due to its very high 
effectiveness in removing pollutants and it is also available, 
cheap and inexpensive. Studies have shown that marble 
waste is considered a good absorbent material for removing 
pharmaceutical preparations.13,14 One of its distinctive 
characteristics is its cost and availability in the environment 
compared to activated carbon. Marble is a type of metamorphic 
rock created from limestone, which results from the exposure 
of rocks to high pressure and heat in the ground. Limestone, 
known as marble, is a type of sedimentary rock that consists 
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of animal skeletons and marine corals from the sea. Marble or 
limestone is composed of the mineral calcite. The crystals of 
calcite dissolve and crystallize several times to become coarser 
and larger crystals that intertwine, and then the carbonate rock 
known as limestone (marble) forms a shiny, clean, pollution-
free marble.15,16

AMX is one of the types of antibiotics that belong to the 
amino penicillin group, which is classified as a penicillin group 
as shown in Figure 1. Amoxicillin has important therapeutic 
uses, including the treatment of bacterial infections, skin 
infections, urinary tract infections, pneumonia, strep throat, 
dental infections, and middle ear infections. In general, the 
medication is taken orally.17-20 In this study, use a surface 
from white marble waste, which is environmentally friendly, 
available and advantage of highly efficient in removing of 
AMX drug from an aqueous solution. Several factors affecting 
the adsorption process were studied, such as the effect of 
equilibrium time, the effect of drug concentration, the effect 
of the weight of the adsorbent, and the effect of temperature. 
Two types of adsorption isotherms were also studied, and the 
results obeyed the Freundlich isotherm.

MATERIALS AND METHODS

Preparation of White Marble Powder
The white marble utilized in this research was purchased in 
the form of stone from the local market in Hilla, Iraq. The 
stone of white marble as a waste was ground to obtain fine 
powder to be utilized as an adsorbent to remove AMX drug. 
After a process of preparing the white marble powder, it is 
divided into three parts, each part contains 10 g from powder. 
The first part is activated and treated with a solution of (0.1 N 
HCl ), the second part solution of (0.1N H2SO4) and the third 
part (0.1N HNO3). Leave with continuous stirring for a period 
of (24 hours) at room temperature. After that, washed with 
distilled water to remove all water-soluble impurities, then 
dried in oven at 150°C for 6 hours. The samples were ground 
and sieved to obtain a fine powder. It was kept in glass bottles 
and used in all experiments.
Optimization of Adsorption Parameters
The effect of the initial concentration AMX drug , adsorption 
dose, temperature, solution pH and equilibrium time via 
changing concentration drug from 10–50 mg/L and adsorption 
dose of white marble from (0.02–0.2 g), pH solution from (2–10) 
, solution of temperature from (10–40℃) were investigated. 
The equilibrium time was 60 minutes for 350 rpm to remove 
the adsorbent and were measured at a wavelength for maximum 
absorbance (λ max is 272 nm for AMX drug).

RESULTS AND DISCUSSION

Characterization
Figure 2 (a and b) shows image field emission scanning 
electron microscopy (FESEM) of white marble before and 
after the adsorption process. The FE-SEM images (a) show 
surface asymmetry and also have a rock-like morphology. It 
agglomerates on a surface and was also found to contain small 
aggregates growing on rocks, mainly due to the components 
present. On the surface of white marble. And FE- SEM 
micrograph of white marble after the adsorption process in 
Figure 2 b indicated that the surface became spherical and 
uneven with random aggregates with an increase in surface 
porosity.21,22 Many pores were well developed in white marble 
and this results in white marble with a high and good porosity 
structure that is suitable for the adsorption process successfully. 
The morphology of the prepared surface was analyzed using 
transmission electron microscopy (TEM) analysis (50 nm), as 
shown in Figure 2 c. It was evident that a more agglomerated 
black cloud formed on the surface and the formation of a new 
geometry, which was attributed to the process of treating the 
surface with acid, where the presence of agglomerations and 
the formation of dark colors were observed.23

Effect of contact time
The drug solution (30 mg.L-1) is prepared and placed in conical 
flask 100 mL with a weight of white marble (0.15 g/100 mL) in a 
water bath shaker at 25. Use a spectrophotometer to evaluate the 
concentration of the AMX drug, at the equivalent wavelength 
of maximum, centrifugation is used to isolate samples at 
different time intervals Figures 3.

The influence of equilibrium time was studied with the of 
30 mg/L AMX drug concentrations at 25oC. The adsorption 
efficiency as a function of equilibrium time and concentration 
of drug. The adsorption rises quickly at the primary 10 minutes; 
the uptake rate is originally fast until an equilibrium value 

Figure 1: Chemical stretcher of amoxicillin AMX drug
Figure 2: Image FE-SEM a) White marble before and b ) after the 

adsorption process and c) TEM of white marble.

a) b)

c)
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is reached next 60 minutes of contact. When 30 mg/L of 
concentration AMX drug was raised at 25℃, the adsorption 
efficiency raised from (9.55–16.67 mg/g), while the percentage 
removal increased from (49.72–84.26%).24,25

Effect weight of white marble
The impact of the weight of white marble was required to 
observe the smallest probable quantity, which illustrates the 
best adsorption capacity. The weight of white marble was 
different from (0.02–0.2 g) . The data appear in Figure 4. 

The influence of the dosage white marble on the removal of 
E% AMX drug adsorbed from an aqueous medium presented that 
raising the dosage white marble steadily enhanced the elimination 
of AMX., increasing the mass t of white marble from 0.02 to 0.2 g 
are followed by raising the removal E% from 40.639 to 98.085%. 
Increasing the weight of white marble results in a decrease 
adsorption efficiency of AMX from 16.39 to 40.08 mg/g.4,18,26 
Further increasing in the amount of white marble used from 
0.08 - 0.1 g had no influence on E% of AMX removed.18,27,28

Effect of solution pH
The effect of solution pH is one of the most important factors 
that must be studied when analyzing adsorption behavior with 
adsorbent materials. According to the results shown in Figure 5. 
presents the influence of solution pH from (2–10) onto adsorption 
efficiency AMX on white marble. At the best optimum conditions 
(25℃, 30 mg/L and 100 mL) AMX adsorbed on 0.15 g white 
marble, 1-hour equilibrium time. The adsorption capacity for 
AMX was maximum at pH 10 (19.306 mg/g) , lowest adsorption 
was reached at pH 2 (7.46 mg/g). Also, the removal percentage% 
decreased with increased pH solution and the best E% at pH 10 
(99.11%) , lowest adsorption was reached at pH 3 (37.44%).22,29

Effect of solution temperature
Temperature is considered an important influence on the 
adsorbate and adsorbent in order to get rid of contaminants, 
as an adsorption study was conducted for a concentration of 
30 mg/L AMX drug at different temperatures of 10, 20,30 
and 40℃, at a pH of 6. As shown in Figure 6, the adsorption 
efficiency versus different temperatures. It was observed that 
the adsorption of removal percentage of AMX drug increases 
from 33.43 to 90.45% as the solution temperature increases 
from 10 to 40°C, which indicates an endothermic reaction.30-32

Adsorption isotherm
Analyzing the equilibrium isotherm result of the adsorption 
model by fitting into two models is an important step to find 
the appropriate isotherm that can be used for design purposes. 
In this work, two adsorption models, Langmuir isotherm and 
Freundlich isotherm, in their nonlinear forms, were applied 
to the equilibrium data of AMX drug adsorption by white 
marble. The values of the isotherm constants are the correlation 
coefficients R2 given in Table 1 and Figure 7. The calculated 
R2 values proposed for the Langmuir isotherm and Freundlich 
isotherm models fit well with the result on the adsorption 
equilibrium of the AMX drug. The best (qmax) according to the 
Langmuir isotherm model was found to be 80 mg/g at 25°C.33 

The isotherm Langmuir assumes uniform energies of 

sorption onto the surface and no transmigration of sorbate 
in the plane of the surface.34 The equation linear of isotherm 
Langmuir model in equation (1)

   (1)

Figure 3: Effect of equilibrium time onto removal of AMX drug

Figure 4: Effect of weight of white marble on to removal AMX drug

Figure 5: Effect of solution pH on white marble on the removal AMX 
drug

Figure 6: Effect of solution temperature on white marble on the 
removal AMX drug
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In Freundlich isotherms, the value of n (0.232) indicated 
favorable adsorption of AMX drug onto white marble via 
physicochemical adsorption on the heterogeneous surface 
of the white marble. It has been suggested that a value of 
n between 1 and 10 represents a useful absorption mode. 
The calculated KF value in Freundlich isotherms was 86.54 
indicating efficient adsorption of AMX drug via white 
marble.30, 35 Freundlich isotherm is an empirical equation based 
on adsorption onto surface hetero-geneous. The equation linear 
of isotherm Freundlich model in equation (2)

   (2)

Activated and treatment of white marble surface 
The white marble surface was activated using three acids (HCl, 
HNO3,and H2SO4), and from the results shown in Table 2, 
it was found that the efficiency of the surface increases by 
activating it with hydrochloric acid, as it works to increase the 
active sites on the surface and increase the surface area, thus 
increases its efficiency in removal pollutants from aqueous 
solution.15

CONCLUSION
White marble appeared to be an excellent alternative for 
the elimination of AMX drug from aqueous solution. The 
adsorption process offers important advantages owing to the 

utilization of natural adsorbents, like white marble waste for 
the removal of AMX drug, due to easy availability, ease of 
operation low cost, ecological nature, ease of design, flexibility, 
and great affinity for the drug. The removal percentage 
and adsorption capacity of the removal drug increase with 
increasing surface area, and equilibrium time, decreasing 
with an increase of concentration AMX drug solution and the 
adsorption capacity (Qe mg/g) decreasing with an increase of 
weight of white marble. The adsorption contact time of AMX 
drug reaches 60 minutes. The best value of Qe (mg/g) was 
found at a solution temperature 40℃. Exclusively effective 
parameters give the best fitting of model Freundlich better 
than model Langmuir.
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