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This study aims to evaluate the efficiency of banana peel-derived activated carbon 

(BPAC) in removing cations, ions, and TDS from groundwater at Al-Raaed station for 

safe irrigation use. Al-Raaed station in Abu Ghraib, which is linked with the Ministry of 

Water Resources, relies on groundwater for irrigation. This research aims to tackle the 

issue of elevated groundwater salinity and associated pollutants (eliminate cations, ions, 

and total dissolved solids (TDS)) from groundwater (GW) in the wells, ensuring that 

groundwater treatment adheres to and is aligned with the guidelines of the Food and 

Agriculture Organization (FAO), and promoting the use of treated groundwater for 

irrigation and agricultural purposes by local farmers. The goal is to make the groundwater 

suitable for irrigation by implementing adsorption technology to reduce the concentration 

of pollutants. Banana peel-derived activated carbon (BPAC) is ready for use as an 

adsorbent. The chemical composition of the materials was examined using XRD, SEM, 

and FTIR spectroscopy. For optimal conditions to extract groundwater suited for 

irrigation, the adsorption process's four parameters—dosage, duration, agitation speed, 

and pH—were examined. When planning water management for sustainable 

productivity, it is essential to have a firm grasp of the topic of irrigation water quality. 

Key quality indicators such as pH, EC, total dissolved solid (TDS), cations, and anions 

were measured in laboratory water samples. The overarching goal of this investigation 

was to use treated groundwater for irrigating crops. The most effective clearance rates 

were 76% for Mg and 94% for K, occurring at a dosage of 2.5 g with an optimal duration 

of sixty minutes. For Ca, Na, and Cl, the removal efficiencies were 53%, 72%, and 57%, 

respectively. A removal efficiency of 47% for Ca, 43% for SO4, and 53% for Na can be 

achieved at an agitation speed of 150 rpm. Optimal acidity is at pH 5, with removal 

efficiencies of 83% for Mg, 52% for SO4, 94% for K, and 47% for NO3. The groundwater 

emerging from remediation by adsorption is suitability to FAO guidelines promoting the 

use of treated groundwater for irrigation and agricultural purposes by local farmers. The 

principles apply FAO guidelines to evaluating groundwater for irrigation for chemical 

elements such dissolved salts, sodium concentration, and harmful ions. 
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1. INTRODUCTION

Groundwater has been a vital resource for human water 

needs since prehistoric times. Pure, high-quality groundwater 

is not polluted and is rich in beneficial microbes and organic 

substances. On the flip side, groundwater may contain a 

variety of cations and anions due to salinity caused by 

dissolved salts. More than half of the world's population relies 

on underground sources for its drinking water [1].  

One of the most valuable resources our country has is 

groundwater, which is found in underground aquifers. About 

37% of the water that public water departments in counties and 

cities get for homes and businesses comes from underground 

sources.  

Wells lose their ability to access groundwater when the 

groundwater table is lowered due to excessive pumping, 

leading to increased costs. A decrease in the water table causes 

an increase in the energy required to pump water to the surface. 

The expense of using such a well might be too high in the 

worst-case scenario [2].  

Containers on land or in subterranean storage tanks are 

common storage places for hazardous chemicals. Soil and 

groundwater contamination might result from leaks in these 

storage containers and tanks. Fuel from petrol stations, 

including both gasoline and diesel, as well as solvents, heavy 

metals, and pesticides, commonly contaminates soil and 

groundwater. 

Landfills, industrial-discharge lagoons, leaking gasoline 

storage tanks, cesspools, septic tanks, pesticides, fertilizers, 

and manure applied to agricultural areas are some of the 

sources of chemicals that can be introduced to groundwater in 

this manner. 

A variety of human-generated contaminants cause 

groundwater pollution. These include the overuse of pesticides, 
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herbicides, and fertilizers; poorly managed landfills; leaking 

fuel and chemical tanks; industrial chemical accidents; and the 

drainage of household chemicals. The contamination is 

exacerbating the worldwide problem of insufficient access to 

potable water. Due to the shortage of clean groundwater 

supplies and safe drinking water, water treatment is 

recommended before use by various international and national 

bodies, including the World Health Organization [1].  

Groundwater contamination can adversely impact the 

quality of land and forests. Contaminated groundwater can 

result in soil contamination and deterioration of land quality. 

For example, in many agricultural areas in arid climates, high 

groundwater salinity is one of the key factors influencing soil 

salinization [3]. Soluble salts and other pollutants, including 

hazardous metals, can build in the root zone, adversely 

impacting vegetation growth. Contaminants in groundwater 

can be conveyed through interactions between surface water 

and groundwater, resulting in a decline in surface water quality.  

Groundwater contamination can potentially impact human 

health by affecting the food production chain. Irrigation 

utilizing groundwater contaminated by heavy metals and 

wastewater containing persistent pollutants can lead to the 

accumulation of hazardous components in cereals and 

vegetables, posing health concerns to humans [4].  

Research using hardness as a proxy for water quality has 

been ongoing for some time. Hard water causes a lot of 

problems in homes and businesses. The hardness of water is 

primarily caused by cations such as magnesium and calcium 

and, to a lesser degree, by bivalent and trivalent metals like 

aluminum and iron. To keep up with the ever-increasing 

demand for soft water of excellent quality, efficient and 

inexpensive technology is urgently required [5]. The salinity 

of groundwater is a problem all throughout the world. 

Consequently, it endangers human health, lowers agricultural 

profits and yields, degrades arable land, increases the cost of 

maintaining infrastructure and running industrial activities, 

and changes or destroys ecosystems. How the groundwater is 

utilized to meet the water demand for these processes and 

activities, as well as its salt content, determines all of this. 

Results from the research of Weert, Gun, and Reckman 

indicate [5]. 

Humanity is currently tackling the extremely challenging 

subject of a potential worldwide water scarcity. An increase in 

water consumption is a direct result of the correlation between 

a growing global population and the subsequent boom in 

industrialization, which is driven by the increased demand for 

manufactured goods. Jasim et al. [6] asserted that polluted 

water endangers human existence and civilization's 

advancement. 

Al Haider et al. [7] reported that a permeable reactive barrier 

(PRB) made of activated carbon from banana peels (BPAC) 

was investigated as a potential method for removing copper 

(Cu+2) from the polluted groundwater. By using phosphoric 

acid as a soaking agent, the banana peels were chemically 

activated to produce the activated carbon. Batch experiments 

were used to examine the effects of several parameters, such 

as the pH of the starting solution, the speed of the agitation, 

the initial quantity of copper, the contacting length, and the 

dosage of the sorbent. The variables with the most significant 

impact on copper removal efficacy (96%) are as follows: 1 

mg/100 ml, 40 minutes at 250 rpm, and 50 mg/l. Batch 

investigational data on Cu+2 ion sorption was analyzed using 

the Freundlich and Langmuir isotherm models.  

The results point to the Langmuir model as a possible 

explanation for the Cu+2 sorption onto BPAC. The one-

dimensional (1D) copper transport equations under 

equilibrium conditions have been solved by our group using 

the finite element method in COMSOL Multiphysics 3.5a. 

Both the actual results and the expected results (COMSOL 

solution) indicate that the PRB is a crucial component in 

stopping the flow of the copper plume. The impressive level 

of agreement between predicted (theoretical) and observed 

results, along with an RMSE of less than 0.1%, proves that 

these methods are practical and valuable tools for studying 

copper transport pathways [7].  

Removing anions, total dissolved solids (TDS), and 

chloride ions is necessary to make groundwater (GW) 

appropriate for irrigation, according to Raheem and Abdul-

Hameed [8]. In order to bring the experimental results into 

practice, the scientists suggest adopting adsorption technology 

to reduce the concentration of pollutants in GW. A banana-

derived graphene adsorbent (BPAC) has the potential to be 

flash-synthesized as FG. A synthetic method for producing FG 

has been developed, which involves the use of an electro-flash 

reactor to rapidly transform BPAC into graphene. With each 

cycle of 8-10 shocks administered by the reactor's manual 

circuit break, 5 grams of FG are produced from BPAC. To 

clean up the GW samples, in batch mode adsorption, one 

variable (such as agitation speed, pH value, contact period, or 

FG dosage) is changed per trial while keeping the others 

constant. The assessment of (FG) is conducted to analyze the 

chemical composition of the materials via XRD, SEM, and an 

FTIR spectrometer. To increase the adsorption capacity, a 

structure was developed with large interior pores. This 

structure not only offers a high adsorption capacity but also 

provides a significant surface area. It is effective in increasing 

the concentrations of TDS, SO4, NO3, and Cr6 in the irrigation 

water until it meets the requirements set by Iraq and the FAO.  

The possible detrimental effects of pharmaceutical 

pollutants on human health, the environment, and the economy 

are causing pharmaceutical pollutants to get increasing 

attention [9]. Cleaning up polluted areas by adsorption is one 

cost-effective option. This work employed activated carbon 

derived from banana peels, an agro-industrial waste product, 

to extract amoxicillin and carbamazepine from various water 

matrices. In order to carbonize the phosphoric acid-activated 

carbon, temperatures of 350℃, 450℃, and 550℃ were 

employed. Scanning electron microscopy (SEM) analyses of 

banana peel activated carbon (BPAC) samples showed a 

heterogeneous, semi-regular morphology characterized by 

many pores of varying sizes and shapes. According to Boehm 

titration, the activation by H3PO4 led to an increase of 0.711 

mmol/g of acidic groups. After the pollutant molecules were 

effectively adsorbed and activated, the spectroscopic features 

of the BPAC surface changed dramatically, as seen by the 

distinct FTIR peaks. A pHpzc value of 5.005 was determined 

for the BPAC. Assessment with the SBET instrument. 

Following activation, the surface area grew substantially to 

911.59 m2/g. In a world where all is ideal, with a pollutant 

mixture of 25 mg/L, a temperature of 25℃, and a dosage of 

1.2 g/L of materials, saturation lasts 120 minutes at a pH level 

of 5. The residual value is negligible when Langmuir is 

utilized, even though Freundlich provides a somewhat better 

fit. As the sum of squares (SSE) demonstrated, the results were 

more consistent with the pseudo-second-order kinetic. The 

current research demonstrated that agricultural and industrial 

effluents might be utilized to eliminate organic 

micropollutants through the application of ecologically sound 
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disposal techniques [9].  

Traditional methods of waste management, such as 

incineration or landfilling, result in environmental degradation 

and the depletion of biomass, a resource that may be utilized 

more effectively. Waste products from agricultural crop 

production and harvesting can be utilized in large quantities 

for wastewater treatment. Among these materials are straw, 

stones, and shells. In the first case, it is used directly as an 

adsorbent after ambient drying and grinding; in the second, it 

forms part of modified bio-based sorbents; and in the third, it 

becomes a component in the carbonization process that 

produces activated carbon adsorbents. The feasibility of 

removing residual compounds from complex matrices is not 

well understood. Researchers must conduct more hands-on 

research into environmental samples and other natural 

matrices without spiking target compounds. This is true even 

though there is a mountain of literature devoted to finding 

solutions for the problems caused by metals, metalloids, dyes, 

pesticides, and other emerging contaminants. The phase 

inversion method was first used to create hybrid cellulose 

acetate (CA) membranes, as stated by Ali et al. [10]. 

Membranes composed of activated carbon derived from 

sunflower seed shells (SFAC) were immersed in a polymer 

casting solution that contained CA to purify polluted water. 

Phosphoric acid was employed as the activator. The 

carbonization temperatures of the activated carbons SFAC7, 

SFAC8, and SFAC9, which are generated using an agent in a 

3:1 (wt.) ratio, differ. The SBET sample with the highest 

surface area was the SFAC9 sample (786.62 m2 g-1). A pore 

radius of r-and a total pore volume of 8.7694 lbs (VT) 4.00226 

nanometers. An exploration of several beginning 

concentrations (5-20 mg/L), SFAC dosages (0.1-0.5), and 

their respective effects. Contact time (0.5-24 h) and pH (2-12 

h) were among the parameters examined. The data indicated 

that 0.1% of the CA was SFAC9, with a clearance rate of 

84.67% under particular conditions. This rendered it the 

superior membrane in terms of crystal violet (CV) dye 

elimination and superb ecological condition. We employed a 

battery of techniques to flush the CA (SFAC9 0.1%) 

membrane of dye. The adsorption isotherms were determined 

using the Freundlich model. Additional evidence for 

chemisorption has been found in kinetic investigations in the 

form of pseudo second. 

According to Naser and Abdul-Hameed [11], heavy metal 

ion pollution is common in industries such as electroplating, 

metal processing, and mining. The toxic waste that results 

from the increased discharge of water polluted with copper 

(Cu II) is a major concern for the environment around the 

world. A more practical method for heavy metal removal is 

adsorption, which has a number of benefits such as simplicity, 

repeatability, and sensitivity, as well as economic ones like 

efficacy. This study examined the capacity of an adsorbent 

derived from orange peel (OP) to extract copper (II) from 

solutions in water.  

Additionally, the effects of changes in solution pH, initial 

Cu (II) concentration, adsorbent dosage, and contact time on 

the sorbent material's effectiveness were identified. It was 

additionally studied adsorption kinetics and adsorption 

equilibrium isotherm to have a better understanding of 

adsorption processes [11].  

Table 1 shows cations, anions and other measurements 

recommended for characterizing irrigation.  

Many research has been utilized Banna peels for removing 

heavy metals, and organic pollutants. This study will be 

investigated for removing ions from ground water and in other 

words use a new effective adsorbent for removing 

contaminates from groundwater.  
 

Table 1. Cations, anions and other measurements 

recommended for characterizing irrigation [12] 
 

Cations Anions Others 

Calcium (Ca+2) Chloride (Cl-) 
Total dissolved solids 

(TDS) 

Magnesium 

(Mg2+) 
Nitrate (NO-) 

Electrical conductivity 

(EC) 

Sodium (Na+) Sulphate (SO4
2-) Acidity/Alkalinity 

Potassium (K+) 
Bicarbonate 

(HCO3
-) 

 

 

The purpose of this article is to examine contemporary 

developments in activated carbon as well as its uses and 

relevant applications, including its effects on areas like 

contamination removal and detection. Evidence from the 

adsorption mechanism study points to a chemical basis for the 

adsorption process, with ion exchange playing a key role. In 

addition, this article synthesized activated carbon from banana 

peels and employed it as an adsorbent material to study the 

removal effectiveness for contaminants in ground water.  

 

 

2. LITERATURE REVIEW 
 

2.1 Adsorption 

 

One effective and tried-and-true method for cleaning 

wastewater from houses and companies is adsorption. When it 

comes to adsorbents, activated carbon is widely recognized as 

an effective adsorbent. A network of linked macro-, meso-, 

and micro-pores characterizes the porous structure of activated 

carbon in either its powder or granular form. These pores are 

great in attracting organic substances due to their large surface 

area. The kind of bonding mechanisms and the amount and 

intensity of adsorption are determined by the adsorbate's 

chemical properties, such as its solubility, ionic nature, and 

functional groups, in conjunction with the activated carbon's 

surface chemistry [13, 14]. According to Jasim et al. [15], 

adsorption is the most effective method for eliminating 

contaminants. Activated carbon's adsorption capabilities have 

made it a crucial part of water treatment systems all over the 

world. Although its once-enticing low price has turned it into 

an unappealing option for large-scale processes and industries, 

it has lately transformed into a cost-effective adsorbent [16].  

Making activated carbons from banana rinds is the focus of 

this research. The banana peels were pyrolyzed for one hour at 

700℃ in three different environments: open air (O2-BP), 

nitrogen gas (N2-BP), and a mixture of nitrogen gas and water 

steam (N2+H2O-BP) that was heated to 60-70℃. The 

adsorption process was fine-tuned by adjusting a number of 

factors, including pH (ranging from 4 to 10), contact period, 

and initial concentration of metal ions. The ideal pH for the 

adsorption of arsenate (III) was 7. The process of adsorption 

of the arsenate ion took two hours to reach equilibrium. Since 

the experimental data were better matched to the Langmuir 

equation, which had a high coefficient of determination value 

(R2 = 0.9934), the Freundlich and Langmuir isotherms were 

used to calculate the adsorption isotherms. Using a rate 

constant of 0.0111 g/(mg.min), the experimental data was 

well-fit by the pseudo second-order kinetic model. The 
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physiosorption mechanism was followed by the spontaneous 

adsorption of As(III) on banana peels. For all starting 

concentrations of As(III) ions, the value of the separation 

parameters (RL) was determined to be between 0 and 1, 

indicating excellent adsorption into banana peels [17]. 

Adsorption is an economical method for cleaning up 

polluted areas. Therefore, this study synthesized activated 

carbon from banana peels, an agro-industrial waste product, to 

remove amoxicillin and carbamazepine from various water 

matrices. At temperatures of 350℃, 450℃, and 550℃, the 

carbon that had been chemically activated by phosphoric acid 

(H3PO4) was carbonized. Once the pollutant molecules were 

activated and adsorbed onto the BPAC surface, FTIR detected 

new peaks, indicating that the surface's spectroscopic 

properties had changed significantly. It was determined that 

BPAC has a pHpzc = 5.005. Following activation, the SBET 

surface area jumped to 911.59 m2/g. An ideal set of 

circumstances would have been 25℃, 1.2 g/L of materials, 

120 min of saturation, 25 mg/L of pollutants, and a pH of 5. 

With a low residual sum of squares (SSE) and data that were 

better fitted to the pseudo-second-order kinetic, Langmuir 

shows a somewhat better fit than Freundlich. In addition, over 

the seven cycles, BPAC was effectively tested for its ability to 

remove pharmaceuticals from Milli Q water, lake water, and 

wastewater. The current study's findings demonstrated the 

possibility of using agro-industrial waste to remove organic 

micropollutants, all while demonstrating sustainable waste 

management practices [9].  
 

2.2 Factors affecting adsorption 
 

In various operating conditions, including pH, adsorbent 

dose, and contact time, a variety of materials have been 

studied, including synthetic, hybrid, and naturally occurring 

adsorbents. To determine operating parameters for efficient La 

adsorption, however, further work is needed to thoroughly 

review the abundance of studies. Here, the effect of operating 

conditions on the adsorption process of various materials is 

discussed. 

Several variables impacted the adsorption process, 

including [18]: 

1. The adsorbent's particle size: When the size of the holes 

is compared to that of the molecule, it becomes clear that very 

small pores will not allow very large molecules to pass 

through. Pores that are too small will not allow large molecules 

to pass. Assimilation will be more of a challenge as a result. 

Adsorbent internal diffusion and mass transfer are hindered by 

particles with small diameters. Because of this, approaching 

mean equilibrium and the maximum adsorption capacity is a 

breeze.  

Müller [19] stated that the adsorption of albumin-bonded 

bilirubin on activated carbon with different pore sizes and 

distributions spanning the micropore and mesopore range was 

the subject of a comprehensive examination. The findings 

show that when the particle size decreases, efficiency 

increases. Bilirubin sorption was most effective with activated 

carbon that had a large BET surface area, a benzene mesopore 

volume of around 0.18 cm3 g-1, and an average particle 

diameter of about 82 lm. This highly activated carbon 

adsorbed 58% of the initially accessible bilirubin within 1 hour 

of adsorption in batch testing. A diffusion coefficient of about 

0.60×10-10 cm2 s-1 for bilirubin adsorption employing this 

highly activated carbon was produced using an intraparticle 

mass transfer model of sorptive absorption from a stirred 

solution of confined volume in spherical particles. Another 

potential outcome of the adsorption process is the separation 

of albumin and bilirubin. Further research into the bilirubin 

sorption mechanism from B-HSA solutions is necessary for 

this reason.  

The information gathered from this study can help clarify 

both the overall adsorption process and the details of albumin-

bonded toxin adsorption in porous materials. This, in turn, can 

help with the design of toxin adsorbers that depend on size-

dependent adsorption properties and pressure drops within the 

packed bed [19].  

2. Contact time: Even with larger equipment, a longer 

residence period will provide a more comprehensive 

adsorption treatment.  

3. Adsorbates' solubility in wastewater: It is easier to extract 

substances from water that aren't extremely soluble. Similar 

considerations apply to non-polar chemicals; they are more 

amenable to adsorption than polar substances, which exhibit a 

substantially larger attraction to water.  

4. A material that contains a higher concentration of carbon 

atoms is more likely to be adsorbed since it is less polar.  

5. The degree of ionization of the adsorbed molecule: 

Adsorption is less likely to occur with ionized molecules 

compared to neutral molecules.  

Lastly, the adsorbate's ionization level is affected by the pH. 

Because of this, its efficacy will be altered.  

 

 

3. RESEARCH METHODOLOGY 

 

 
 

Figure 1. The flowchart of the experimental work 

 

At Al-Raaed station in Abu Ghraib affiliated to the Ministry 

of Water Resources, there are high levels of pollution and 

extreme salinity in groundwater. There are well in location, it 

stays away at 25 m. Due to the Ministry's need to convert well 

water into water suitable for irrigation, so a system has been 

used to treat it to use it for irrigation purposes by adsorption 

system and comparison of results with the Food and 

Agricultural Organization (FAO). Figure 1 shows the 

procedure of the experimental work.  

1890



 

3.1 Materials  

 
The materials were used in this paper as the following 

described in Table 2. 

In Table 3, it is shown the equipment used in the experiment.  

 
Table 2. The material was used in this research 

 

Name 
Chemical 

Formula 

Molecular 

Weight 

(gm/mol) 

Manufacturing 

Company 

Hydrochloric 

acid 
HCL 136.29 China 

Zinc chloride ZnCl2 36.46 China 

Banana peels -  Locally available 

 
Table 3. The laboratory equipment  

 
Name Manufacturing Company 

Digital pH meter China 

Platform shaker 
Julabo Labrotechnik Gmbh, 

Germany 

Furnace SAFTHERM, China 

Mixer grinder China 

Glass wares China 

Conical flask China 

pipette China 

 
Raw banana peel was sourced from a nearby juice shop. 

Rinsing the banana peel with distilled water removed any 

leftover dust particles. After the peel had dried completely in 

the sun, it was baked at 105℃ for 24 hours to extract any 

remaining moisture. After drying, the peel was ground into a 

powder using an attrition mill. The banana peel powder was 

made by sieving the fruit (Figure 2) [20]. For the next step, the 

powdered banana peel was carbonized in a furnace set at 

500℃ for an hour. After being immersed in a zink chloride 

(ZnCl2) solution for 14 hours at a 3:1 (w/w) impregnation ratio 

in 10 ml of aquades, the carbonized material (char) was 

dehydrated in an oven set at 110℃ for 6 hours. Zinc chloride 

was added in (3:1) (w/w) and 98% in concentrations. The 

ACBP was utilized in 10.5 g in the experiment and the particle 

size was (1.7 µm).  

 

 
 

Figure 2. Stages of burning banana peels to adsorbent 

 
After that, the sample was physically activated by heating it 

in a furnace set at 700℃ for an hour. Once cooled, the 

activated carbon (AC) was rinsed with 0.2 N HCl to dissolve 

and remove any remaining ash. Then, it was washed again 

with hot distilled water until the pH reached 7.0. The activated 

carbons were then oven-dried to a consistent weight at 110℃ 

[21]. Figure 3 expresses the flowchart of the synthesis of the 

ACBP.  
 

 
 

Figure 3. The flow chart regarding the synthesis of ACBP 
 

Table 4. Physical properties of BP and AC 
 

Properties 
Banana Peels 

(before burn) 

Activated Carbon 

(after burn) 

Surface area 

(m2/g) 
7.2016 19.1815 

Bulk density 

(gm/ml) 
2.8452 0.4942 

Ash content 13.12% 40.49% 

 

Table 5. The GW initial values of anions, cations and TDS 

compared with FAO 
 

Pollutants 
GW of Al-Raeed 

Research Station 

FAO Standard 

Irrigation Water 

EC (µs/cm) 7500 3000 

pH 8.2 6-8.5 

Pollutants 

(ppm) 
  

TDS 5390 2000 

Ca 130 400 

Mg 200 60 

SO4 1321 960 

Cl 990 1065 

HCO3 750 610 

CO3 0 3 

K 15.5 2 

Na 1200 920 

NO3 10.1 10 

 

Table 4 displays the effects of activated carbon and banana 

peels. Measurements of the adsorbent's physical properties are 

detailed in Table 4. The information in the table was gathered 

from the well irrigation system at the Ministry of Water 

Resources' Al-Raaed station in Abu Ghraib. The banana peels 

were synthesized using activated carbon. The initial levels of 

anions, cations, and TDS in groundwater were compared to 

FAO standards in Table 5. 
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3.2 Characterization of ACPB 

 

The (SEM) results were performed for activated banana 

peels. The functional groups in the raw material (banana peel) 

were assessed using Fourier Transform Infrared 

Spectrophotometry (FT-IR) spectra and measured XRD. 

 

 

4. RESULT AND DISCUSSION 

 

4.1 The effect of dosage 

 

In a 1-hour experiment at room temperature, and pH 8.2, the 

effect of sorbent dose on ions removal was studied using a 

range of AC (banana peels) concentrations from 0.5 to 3 g with 

200 rpm agitation. Figures 4, 5, and 6 show the outcomes of 

system. Metal retention has been shown to be directly related 

to sorbent doses 2.5 g. This value was used as the standard for 

further experiments. Results were predicted because, for a 

given initial metal concentration, a larger adsorbent mass 

yields larger sorption sites or surface area [7]. 

 

 
 

Figure 4. pH, EC, TDS with different dosage (0.5, 1, 1.5, 2, 

2.5, 3) gm at (rpm=200, pH=8.2, time=60 min) 
 

 
 

Figure 5. Ca, Mg, K, Na conc. with different dosage (0.5, 1, 

1.5, 2, 2.5, 3) gm at (rpm=200, pH=8.2, time=60 min) 

 

Figure 4 depicts the relation between various doses of 

activated banana peels and the levels of pH, EC, and TDS. The 

EC exhibited no alteration in its value at different dose levels. 

The pH value varied with different dosages of BP. The TDS 

value had a negative correlation with the dosage, as it 

decreased with increasing dosage. According to the findings, 

the dose of 2.5 gm was determined to be the most effective in 

eliminating contaminants from groundwater.  

Figure 5 displays the correlation between ion concentrations 

and dosage. There is a variation in the effectiveness of 

eliminating contaminants at different dosages of activated 

banana peels. The removal of contaminants was carried out 

using 2.5 grams of activated banana peels for sodium (Na) and 

calcium (Ca) ions. However, for magnesium (Mg) and 

potassium (K) ions.  

 

 
 

Figure 6. SO4, Cl, HCO3, CO3, NO3 conc. with different 

dosage (0.5, 1, 1.5, 2, 2.5, 3) gm at (rpm=200, pH=8.2, 

time=60 min) 

 

Figure 6 illustrates the association between various doses of 

activated banana peels and metal ions. Figure 4 illustrates the 

investigation of the relationship between metal ions at 

different concentrations. The maximum elimination of 

contaminants was achieved with a dosage of 2-2.5 grams for 

SO4. The maximum elimination of HCO3 was achieved at a 

dosage of 2.5 grams. The optimal adsorbent dose for 

eliminating the pollutant was determined to be 2.5 grams for 

Cl. The greatest dose for eliminating pollutants in the case of 

CO3 was determined to be 3.0 grams.  

 

4.2 The effect of contact time 

 

The duration of contact is crucial for the efficient removal 

of various ions with BP. The equilibrium time was obtained by 

examining the adsorption of groundwater at a constant 

temperature, optimal adsorbent dosage, optimal agitation 

speed, and optimal pH, as a function of the contact time. This 

analysis is shown in Figures 7, 8 and 9. The rate of metal 

removal increases as the contact length increases from 0 to 60 

minutes. The absorption rate is governed by the speed at which 

the adsorbate is transferred from the surface of the particle to 

its interior sites as the surface sites get exhausted [14, 20].  

Figure 7 illustrates the relationship between contact time 

and the values of pH, EC, and TDS. After 10 minutes, the pH 

level is 3. The removal of contaminants was shown to be 

directly proportional to the duration of contact. Conversely, 

the EC value for contaminated samples was either eliminated 

or reduced when the contact period was increased to 60 

minutes. Through various time intervals, it was determined 

that a duration of 60 minutes was the most effective in 

eliminating pollutants.  

Figure 8 demonstrates the correlation between the 

concentrations of metal ions (calcium, magnesium, potassium, 

and sodium) and the duration of contact. It was demonstrated 

that prolonging the contact period resulted in the removal of 
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metal ions. The concentrations of K, Na, Ca, and Mg 

decreased with increasing contact duration. Therefore, the 

removal of pollutants was found to be directly proportional to 

the duration of contact.  

 

 
 

Figure 7. pH, EC, TDS with different time (10, 20, 30, 40, 

50, 60) min at (rpm=200, pH=8.5, dosage=2.5 gm) 

 

 
 

Figure 8. Ca, Mg, K, Na conc. with different time (10, 20, 

30, 40, 50, 60) min at (rpm=200, pH=8.5, dosage=2.5 gm) 
 

 
 

Figure 9. SO4, HCO3, CO3, Cl, NO3 conc. with different time 

(10, 20, 30, 40, 50, 60) min at (rpm=200, pH=8.5, 

dosage=2.5 gm) 

 

Figure 9 illustrates the correlation between the amounts of 

SO4, HCO3, Cl, CO3, and NO3. It was stated that prolonging 

the contact duration resulted in the extraction of ions from 

groundwater. The ion concentration dropped as the contact 

time increased. It was determined that a 60-minute duration 

was the most effective time for eliminating contaminants.  

4.3 The effect of agitation speed 
 

Figures 10, 11 and 12 illustrate the impact of different 

agitation speeds on the removal of all metal ions using the 

ACBP. Increasing the agitation speed results in a 

corresponding increase in efficiency values. The thickness of 

adsorption is increased by raising the agitation speed because 

the external barrier to mass movement around the adsorbent 

particles becomes thinner as a result of increased turbulence 

[21, 22]. The findings also indicate that an agitation speed of 

125 rpm is sufficient to achieve optimal clearance by 

decreasing the thickness of the boundary layer. 

 

 
 

Figure 10. pH, EC, and TDS with different rpm (50, 75, 100, 

125, 150, 200) at (time=60, pH=8.2, dosage=2.5 gm) 

 

 
 

Figure 11. The Ca, Mg, K, Na with different rpm (50, 75, 

100, 125, 150, 200) at (time=60, pH=8.2, dosage=2.5 gm) 

 
Figure 10 illustrates the correlation between agitation speed 

and pH, EC, and TDS, respectively. At a rotational speed of 

50 revolutions per minute (rpm), the pH and EC values 

exhibited a drop. The TDS value was augmented at a speed of 

50 rpm and then diminished at a speed of 200 rpm. The total 

dissolved solids (TDS) exhibited a positive correlation with 

the rise in the value of revolutions per minute (rpm). The pH 

value is 9 at a speed of 50 rpm, and 7 at a speed of 100 rpm. 

At high speeds, the pH value increases and reaches 8 at 200 

rpm. The agitation speed affects the parameters of pH, EC, and 

TDS together.  

Figure 11 illustrates the correlation between the 

concentration of Ca, Mg, K, and Na with the speed of agitation. 

The agitation speed was found to be inversely proportional to 

the concentration of metal ions. At a low agitation speed of 50 

rpm, the concentration of metal ions exhibited a rise. 
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Figure 12. SO4, CO3, HCO3, Cl, NO3 with different rpm (50, 

75, 100, 125, 150, 200) at (time=60, pH=8.2, dosage=2.5 gm) 

 

Figure 12 illustrates the correlation between agitation speed 

and the concentrations of SO4, Cl, HCO3, CO3, and NO3 in 

milligrams per liter (mg/L). The concentration of SO4 

exhibited an upward trend when the agitation speed was set at 

a low value of 50 rpm. At the greatest level of agitation speed 

(200 rpm), the values of SO4, Cl, and HCO3 declined 

significantly, indicating a low overall value. Furthermore, the 

concentration of metal ions such as CO3 and NO3 reduced 

rapidly with increased agitation speed.  

 

4.4 The effect of pH  

 

The influence of pH on the removal efficiency of different 

metals from a system may be observed in Figures 13, 14, and 

15. The adsorption studies were carried out at pH levels that 

were below 7 to ensure that the results were not affected by the 

precipitation of metal hydroxides, which occurs at pH values 

over 7 [23]. At a pH ranging from 2 to 4, the surface of the 

adsorbent becomes positively charged as it undergoes 

protonation. This positive charge hinders the entry of metal 

ions to the adsorbent surface by causing repulsive interactions. 

At a pH of approximately 5, there is a noticeable increase in 

the absorption of metals. The presence of a higher number of 

OH- groups on the surface of an adsorbent results in the 

surface acquiring a negative charge. The presence of a 

negative charge on the adsorbent attracts metal ions towards it 

[22].  

 

 
 

Figure 13. The EC and TDS with different pH, rpm (125) at 

(time=60, dosage=2.5 gm) 

In Figure 13, it showed the relation between pH with TDS 

and EC. At pH is equal to 5, the value of EC was 2.6 mmoh/cm 

and the value of TDS was 1664 mg/L. at high value of pH, 

both the TDS and EC was increased. At the value of pH is 

equal to 8.2, the value of TDS was 1728 mg/L and the value 

the EC was 2.7 mmoh/cm in which this value of pH was 

considered to be the suitable pH value.  

In Figure 14, it showed the relation between pH and the 

metal concentration. At pH value of 5, the value of metal ions 

was decreased and then became increased with increasing the 

pH. At pH value was equal to 12, the value of metal 

concentrations was increased. Thus, the value of pH was equal 

to 5, is considered to be the suitable value for this study.  

In Figure 15, it was shown the relation between metal ions 

(SO4, HCO3, and CI concentration and the pH). The relation is 

shown that the pH effects the SO4 ions in which at pH equal to 

5, it expressed the decreased pH and it is increased at the 

highest value of pH. However, the Cl ions expressed lowest 

value of concentration with increasing pH. The CO3 and NO3 

showed increasing in pH with increasing concentration. At the 

lowest pH, the concentration was decreased and at pH equal to 

12the concentration in increase. The experiments were 

performed at dosage equal to 2.5 gm and the time is equal to 

60 min with 125 rpm agitation speed. 

 

 
 

Figure 14. The Ca, Mg, K, Na with different pH, rpm (125) 

at (time=60, dosage=2.5 gm) 

 

 
 

Figure 15. SO4, CO3, HCO3, Cl, NO3 with different pH, rpm 

(125) at (time=60, dosage=2.5 gm) 

 

Our findings are in line with those of Naser and Abdul-

Hameed [11], who found that OP and chemically modified OP 

both functions exceptionally well as copper (II) biosorbents, 
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among the bio-sorbents discussed in earlier studies. The 

study's key takeaways are: The absorption of copper (II) was 

shown to be larger at a higher pH. A pH of 7 was the sweet 

spot when the clearance rate hit 99.6%. Adsorbent dose 

concentrations of 1g L-1 provide the highest removal value. 

The removal percentage of metal ions is proportional to the 

agitation speed. The removal rate starts to drop after peaking 

at 99.63% at 200 RPM. A range of 71.81% to 99.48% of metal 

ion absorption is observed between 15 and 90 minutes of 

contact time. It was best to have a 60-minute session. In order 

to perform the adsorption studies, Cu2+ concentrations ranging 

from 0.5 to 2 mg L-1 were utilized. A higher ratio of ion 

removal is achieved with a lower initial concentration of ions. 

The highest achievable removal rate was 99.63% at 1 mg L-1. 

According to Raheem and Abdul-Hameed [8], the electro-

flash reactor technology enhances the potential environmental 

benefits of using agricultural waste in the flash graphene 

synthesis process by optimizing the process parameters for 

producing flash graphene from a variety of carbonaceous 

materials and efficiently expanding. provides a method for the 

efficient and cost-effective synthesis of graphene at larger 

scales. 

One of the many potential applications of graphene was in 

an adsorption batch experiment that used flash graphene to 

purge anions, cations, and heavy metals from the material in 

an effort to purify groundwater. We found that banana peels, 

which are rich in activated carbon, worked just as well as 

graphene.  

Al Haider et al. [7] stated that batch results showed that 

copper-DPSAC interaction had a substantial impact on pH 

value, agitation velocity, dosage of activated carbon, balance 

interaction duration, and copper concentration. These limits 

were best estimated as 100 minutes, 50 mg/L, 6, 250 rpm, and 

3 g/100 mL, respectively, to achieve the highest elimination 

efficiency of Cu+2 (95.542%). Data on copper sorption on 

DPSAC were in good agreement with Freundlich and 

Langmuir sorption models. The cop-per migration through the 

APSAC, however, led to the selection of the Langmuir model 

with the largest R2. Under equilibrium conditions, a 1D 

numerical model computed using COMSOL software 

demonstrated that the DPSAC is a viable method for 

obstructing the copper plume. The predicted and experimental 

results, however, are in perfect agreement, with a root-mean-

square error (RMSE) of less than 0.1 percent. In order to 

remove Cu+2 from polluted groundwater, the experimental 

findings showed that DP-SAC were an effective and cost-

effective reactive material for the PRB.  

Another study performed by Baeza-Serrano et al. [24] 

utilized metabarcoding to examine the impact of industrial 

components on microbial populations in four plants exposed 

to spills: tannery, cannery, textile, and fruit products. 

Akter et al. [25] stated that heavy metal concentrations 

significantly decreased from the river's source to its endpoint, 

the Buriganga river. While rainwater may have reduced heavy 

metal concentrations, they still exceeded the allowed amount. 

Heavy metals, pH, DO, BOD, TDS, TSS, EC, Cl, and Na were 

identified in surface and groundwater samples above national 

(DoE) and international (WHO) criteria. 

Mahler and Ghimire [26] stated the 35-year longitudinal 

dataset illuminates state water challenges. Idahoans are 

satisfied with their drinking water, and voluntary actions to 

protect water quality (from 12.6% in 1987 to over 63% in 

2022) and conserve water quantity (from 16.4% to 64% in 

2022). The study acknowledges citizen-led water resource 

protection and uses this large dataset to influence Idaho water 

education priorities. 

Spengler and Heskett [27] stated that average 

pharmaceutical and nutrient levels in streams and springs in 

areas with high OSDS and sewer line densities were slightly 

higher but not statistically different from those in areas with 

low densities. Nitrate and silica concentrations in some O’ahu 

streams and springs are mostly due to sugarcane production on 

upgradient terrain, not wastewater input. The negligible 

quantities of pharmaceuticals found in the streams and springs 

under baseflow conditions show that legacy OSDS and sewage 

line exfiltration contribute less than 20% of the wastewater 

flux originally predicted. 

 

4.5 Morphological analysis (SEM) 

 
The surface morphology of the activated carbon samples 

was examined using scanning electron microscopy (SEM). 

Scanning electron microscopy (SEM) was used to analyze 

both the activated banana peel bio-adsorbent and the raw 

banana peel. The outcomes are shown in Figure 16(a) and 

Figure 16(b). Distinct disparities in the porosity and surface 

morphologies of the images were uncovered. The activated 

banana peel bio-adsorbent appears to possess increased 

surface area and porosity due to the activation and preparation 

procedures. The previous study [28] yielded highly similar 

results, indicating a significant increase in the surface area of 

the activated adsorbent. 

 

 
(a) 

 
(b) 

 

Figure 16. (a) SEM for banana peels before burn, (b) SEM 

for activated carbon (adsorbent) after burn 

 

4.6 Fourier Transform Infrared Spectrophotometer (FT-

IR) 

 

Chemical groups present in activated carbon can be 

determined using Fourier Transform Infrared 

Spectrophotometer (FTIR) analysis. Various techniques were 
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employed to analyze and describe the flash graphene forms. 

Figure 16(a) displays the FTIR spectra of banana peels during 

the pre-burning phase. The FTIR spectra were obtained in 

reflectance mode with a resolution of 4 cm-1, covering a 

spectral range from 4000 to 4500 cm-1. The chemical 

mechanisms responsible for the adsorption in the spectral 

range of 2000 to 1000 cm-1 were determined. The peak 

observed at 2000 cm-1 is likely attributed to the presence of 

carbonyl (C=O) groups. The peak at 1000 cm-1 can be 

attributed to polyacrylamide molecules (C-H), while the 

additional adsorption peak at 3000 cm-1 is likely due to the 

presence of hydroxyl groups. These groups cause the activated 

carbon structure to be dislodged through vibration.  

Figure 17(a) and (b) presents the FTIR spectra of both the 

activated and inactivated samples of banana peel (BP). In 

order to gain a deeper understanding of the composition of the 

functional groups present in banana peels, we obtained Fourier 

Transform Infrared (FTIR) spectra of BP. The intricate 

composition of the adsorbent was evidenced by the several 

peaks detected in the FTIR analysis. 

The spectra of (BPAC) exhibit prominent absorption peaks 

at approximately 3400-3500 cm-1, indicating the presence of 

carboxylic acid and amino groups. A plausible rationale for the 

absorption band detected within the range of 2900 to 2970 cm-

1 is the asymmetrical oscillation of -CH. The observation of 

stretching vibration bands in the range of 1600-1650 cm-1 is 

due to the asymmetric stretching of the carboxylic C=O double 

bond. The vibration of carboxylates towards phenolic -OH and 

-C=O is shown by a spectral peak at 1365-1400 cm-1. The 

occurrence of prominent peaks in the 832 cm-1 range suggests 

the presence of bioligands27 containing nitrogen. The peaks 

detected at 1054.40-534.42 cm-1 were attributed to Si-O 

stretching and bending, indicating the presence of silica [29]. 

 

 
(a) 

 
(b) 

 

Figure 17. (a) The FTIR of banana peel before burning, (b) The FTIR of banana peel (activated carbon) after burning 
 

Maharjan and Jha [17] illustrated in the synthesis of AC that 

Activated BP lost some functional groups during heat 

treatment, which may be because of the existence of a high 

number of micropores, as shown by the discrepancy between 

the FTIR spectra of raw and activated banana peels. By 

increasing the number of pores between carbon atoms, the 

carbonization and activation processes remove less stable 

volatile materials in the form of fumes made of oxygen 
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derivatives. Therefore, a more precise distribution of pore 

sizes is possible by physical activation. 

 

4.7 The XRD (X-ray diffraction)  

 

X-ray diffraction (XRD) was used to investigate the 

structural investigation of carbonaceous materials. The X-ray 

diffraction (XRD) data in Figure 18(A) and (B) were 

compared to the graphite ICSD card 31170, which has a space-

group of P63mc. The samples exhibit diffraction peaks at 

lower activation temperatures (250℃ and 300℃) that do not 

correspond to the patterns in the ICSD card [30, 31]. The 

diffraction peaks found in Figure 16 are present at lower 

carbonization temperatures (300℃). The samples exhibit 

significantly widened (002) and (012) peaks at around 25 and 

40 position (θ0), indicating a substantial level of disorder in 

the samples. This suggests a greater presence of amorphous 

carbon in all of the samples. Figure 16 depicts two components: 

(A) represents banana peels prior to combustion, whereas (B) 

represents the activated carbon derived from burned banana 

peels [32].  

Figure 18 displays the XRD patterns of physically 

stimulated banana peels. The X-ray diffraction (XRD) profiles 

of pyrolytic banana peels displayed distinct peaks, suggesting 

alterations in the activated carbon's structure. It has been 

verified that when activated banana peel carbon is subjected to 

a pyrolysis temperature of 300℃, it undergoes thermal 

decomposition and transforms into a crystalline graphitic form 

of carbon, with chaoite peaks observed at 28.6° and 31.7° (and 

further peaks at 24.5° and 30°) [33].  

 

 
 

Figure 18. The XRD diffraction spectra of activated carbon 

banana peel samples (ACBP) (A) before burning, and (B) 

after burning 

 

The peak observed at an angle of 66.60° was identified as 

alumina, whereas the peak at 73.9° was identified as silicon 

dioxide [33]. Figure 18 displays the X-ray diffraction (XRD) 

patterns of both Banana peel and its activated carbon produced 

under different conditions.  

The XRD patterns indicated that the pyrolytic products were 

not completely pure and contained some impurities. The 

impurities present in the sample consist of amorphous carbon 

(specifically activated carbon) at a temperature of 59°, Fe3C at 

40.8°, Fe2O3 at 34.5º, and K2O at 50.5°. It indicates that the 

pyrolysis reaction was incomplete and amorphous carbon 

remained. It was hypothesized that Fe metal separated from 

banana peels and underwent dissociation to react with carbon 

and oxygen, forming Fe3C and Fe2O3. Regarding K2O, the 

high potassium level in banana peels caused it to react with 

oxygen during the oxidation reaction [34, 35]. According to 

Figure 18, the intensity of the peak for activated carbon is 

greater for physically activated banana peels compared to raw 

banana peels. This increased intensity results in a higher 

adsorption capacity. The prominent X-ray diffraction (XRD) 

peaks shown in Figure 18(B) can be attributed to the enhanced 

porosity structure of banana peels following activation, as 

compared to their raw state. 

Maharjan and Jha [17] stated in the synthesis of AC that in 

comparison to raw banana peels, physically activated banana 

peels have a much stronger peak for activated carbon, 

indicating that they have a higher adsorption capability. The 

increase in the porosity structure of banana peels after 

activation compared to raw banana peels is the reason behind 

the high intensity XRD peaks of physically activated carbon. 

 

 

5. CONCLUSIONS 

 

Groundwater is an important source for a drink and 

irrigation at Al-Raaed station in Abu Ghraib affiliated to the 

Ministry of Water Resources. In this research, four parameters 

studied in adsorption process (dosage, time, agitation speed 

and pH) to know the best terms that used to get groundwater 

suitable for irrigation. Understanding knowledge of irrigation 

water quality is critical to the management of water for long-

term productivity. Water samples were analyzed in a 

laboratory for some of the key quality indicators; pH, EC, total 

dissolved solid (TDS), Ca, Mg, Na, K, CO3, HCO3, SO4, Cl, 

NO3, etc. The overall objective of this study was to use 

groundwater for irrigation of agricultural crops. The removal 

efficiency at 2.5 g was the best (57%), (76%), (94%) for Ca, 

Mg and K respectively. for the time, the optimum time is 60 

min. The removal efficiency was (53%), (79%), (57%) for Ca, 

Mg and Cl respectively. Regarding to agitation speed the best 

option is located at 150 rpm, the removal efficiency is (47%) 

for Ca, (53%) for Na and (40%) for NO3 and (39%) for Cl. 

When changing pH, the approaching from 7 is the best, the 

removal efficiency is (83%) for Mg, (52%) for SO4, (94%) for 

K and (63%) for Na.  

1. The removal efficiency of activated banana peels for the 

Ca2+ < Cl1- < Mg2+ ions.  

2. The FTIR examination revealed the presence of several 

types of groups, with the hydroxyl and carbonyl groups 

shifting to a lower frequency and thereby playing the most 

crucial role in the adsorption of Ca2+, Mg2+, and SO4-2, 

correspondingly.  

3. For overall metals, the optimal pH, agitation speed, 

adsorbent dose, and contact duration were 5, 150 rpm, 2.5 g, 
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and 60 min, correspondingly.  

To completely understand the environmental impacts of 

larger-scale activated carbon, more research is needed. 

Academic and commercial institutions should conduct more 

in-depth studies on the stability and degradation of larger-scale 

activated carbon synthesis in response to the material's 

increasing demand using different natural biowaste as an 

adsorbent material.  

Future research could expand the parameters explored in 

this study to include more variables, such as temperature and 

additional pH values, that improve the remediation processes 

for GW and wastewater, which can then be used for irrigation. 

In order to remove inorganic such as heavy metals from 

polluted groundwater, the experimental findings will be 

investigated and show whether that ACBP were an effective 

and cost-effective reactive material for the PRB. More 

experimental works were needed to investigate the 

sustainability of using activated carbon from banana peels and 

its advantages over conventional methods. The potential for 

scaling up the production and use of banana peel activated 

carbon and its integration into existing water treatment 

systems will be considered as a new future works should be 

performed. 
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