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Abstract: The groundwater exploitation could increase the surface water supplies due 

to its convenient and accessibility. However, the presence of the heavy metals is 

among the major contaminants of groundwater sources and would be harmful and 

unsafe to be used if not treated well. The contamination of heavy metal concentration 

may occur in the groundwater causing by various anthropogenic activities such as 

agricultural and industrial in the surrounding area. Therefore, this study aims to 

identify the properties of the groundwater in Universiti Tun Hussein Onn Malaysia 

(UTHM) related to its heavy metal parameter and focusing on reducing the 

concentration by using carbonization method on preparing pomelo and banana peels 

as adsorbent. The heavy metal substances that were tested are iron (Fe), aluminium 

(Al), zinc (Zn) and manganese (Mn). The parameters in the groundwater shall meet 

the requirement according to the National Guidelines for Raw Drinking Water.The 

adsorption process of the pomelo and banana peels signify the effectiveness in 

reducing the heavy metal concentration in the groundwater. The initial concentration 

of Fe, Al, Zn and Mn is 4.560 mg/L, 0.970 mg/L, 0.216 mg/L and 1.550 mg/L 

respectively. After treated using carbonized pomelo peels, the concentration of Fe, 

Al, Zn and Mn were reduced to 3.470 mg/L, 0.473mg/L, 0.214 mg/L and 0.921 mg/L 

respectively. Meanwhile for carbonized banana peels, the concentration reduced 

0.753 mg/L, 0.339 mg/L, 0.089 mg/L and 0.508 mg/L individually. It shows that the 

treatment using pomelo and banana peels as adsorbent has successfully reduce the 

concentration as the pores structure of the adsorbent could adsorbs the substances to 

its surface easily. As proven in the result of 24%, 51%, 0.9% and 41% percentage of 

pomelo peels removal efficiency, as well as 84%, 65%, 59% and 67% percentage of 

banana peels removal efficiency for Fe, Zn, Al and Mn respectively.  

Keywords: Carbonization Method, Adsorption, Pomelo Peels, Banana Peels, Heavy 

Metal.
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1. Introduction 

Groundwater could be classified as one of the beneficial natural water resources on earth. Along 

the years, the technologies development to access the groundwater become more advanced as it enables 

the pumping and extraction process easier. According to the National Ground Water Monitoring 

Programmed, the parameters of the groundwater shall meet the requirement based on the National 

Guidelines for Raw Drinking Water Quality established by the Ministry of Health in determining the 

quality status of the groundwater. Thus, the presence of heavy metal is one of the deficiencies in 

groundwater quality. The ions of heavy metal may concentrate into water system through some 

manufacturing processes such as fertilizer and pesticides which lead to severe risk to the environment 

[1]. In result, these toxic heavy metals could affect the health by accumulating in living tissues and 

dilute through the food chain [2]. 

In past endeavors have led to establishing various unit process like adsorption, filtration, 

precipitation, ion exchange, and chemical coagulation. However, among the process stated, the 

adsorption procedure is considered as the most practical, technical and were, broadly utilized process 

as it has proven to be the best water treatment method [3,4]. Adsorption could be defined as a phase of 

transferring process which is broadly use practically for removing any substances from a phases 

whether in liquids or gases. In another word, it could be narrated as an improvement of chemical types 

from a phase of fluid on the surface of a solid or liquid. The adhesions of molecules were removed 

from the solution by adsorption as it made a direct contact with the solid surfaces [5]. As the use of 

adsorbent given an advantage because of its renewability and low-cost biomass adsorbent, it has 

attracted several of the research attention in recent years by using various of natural materials. 

Examples include breadnut peel, rice hulls, willow branches, peanut hulls, rice straw, bagasse, hemp 

cellulose, orange peel, and other waste biomass [6]. 

Therefore, the selected materials such as pomelo and banana peels in these studies were a waste 

peels that are easy to find, economical, non-hazardous and environmentally safe biomaterials which can 

be used as adsorbent in water treatment [7]. For the varieties of the pomelo and banana peels are not 

being classified in these studies as it will not be one of the consideration. The pomelo peels consisting 

primarily of cellulose, hemicellulose, and lignin as well as possessed an extensive porous structure in 

its interior, which was responsible for the successful adsorption [8]. Meanwhile, banana peels seem to 

be familiar with its usefulness as an adsorbent due to its chemical composition which contained a high 

amount of hemicellulose, pectin, cellulose, lignin and various polar functional group such as phenolic 

acid group, carboxylic and hydroxyl [9,10]. Carbonization method takes place when the materials are 

intended to be converted into activated carbon. The materials that wanted to be carbonized will be 

heated through certain process and temperature. Furthermore, the carbonization method chosen were 

observed to be efficient as the structures of adsorb the heavy metal easily to its surface and have a 

strong oxidant [11]. 

Therefore, this study intended to conduct groundwater quality by identifying the properties of the 

groundwater in UTHM related to its heavy metal as well as reducing the concentration of the heavy 

metal in groundwater by using carbonization method on preparing pomelo and banana peels as 

adsorbent. In this study, the samples of the current condition in groundwater of the study area were 

analysed. The properties of the groundwater related to heavy metal parameter could be identified and 

future research about the groundwater in UTHM could make this study as reference. In addition, this 

study will trigger the idea of producing heavy metal treatment for groundwater by applying the natural 

concept along with the best purpose and more environmental-friendly in the future and may contribute 

a helpful information in treating the heavy metal in the groundwater using the chemical-physical process 

which is by carbonizing the pomelo and banana peels to act as adsorbent 
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2. Materials and Methods 

The groundwater samples were collected at Tun Dr. Ismail Residential College (1°51'46.2"N, 

103°05'22.6"E) which located in Universiti Tun Hussein Onn Malaysia (UTHM). This study area is one 

of the boreholes owned by the university. The tube wells were approximately 30 m deep shallow 

borehole and about 2 inch in diameter. It is located near the lake and the residential building. Figure 1 

shows the tube well of the borehole near Tun Dr. Ismail Residential College. 
 

Figure 1: Tube well near Tun Dr Ismail Residential College 

2.1 Materials Preparation 

The pomelo peels were obtained from fruit stall at Kluang, Johor meanwhile banana peels were 

taken from food stall at Taman Universiti, Parit Raja, Johor. All of the equipment needed for this 

research are available and provided at the laboratory in Faculty of Civil Engineering and Built 

Environment (FKAAB), UTHM and Faculty of Electrical and Electronic (FKEE). 

 
2.2 Preparation of Adsorbent 

The collected peels were prepared using carbonization method to transform it into activated carbon 

to acts as adsorbent in treating the groundwater by reducing the concentration of the heavy metal. The 

adsorbent must be prepared before the water samplings process. The fruit peels that has been collected 

were cut into a small pieces and washed it with distilled water for removing any impurities and dirt. 

Next, dried up the peels for 48 hours in an oven at 100˚C to remove its moisture content. Then, removed 

the dried peels from the oven and kept in the dessicators for 30 minutes. After being dessicated for 30 

minutes, kept the dried peels in the oven for 3 hours at 200˚C in order to transform into carbon. Lastly, 

let the peels cooled down before ground it to a fine powder using grounder and sieve it through 300 𝜇𝑚 
particle size. 

2.3 Water Sampling 

After the adsorbent has readily been prepared, the water sampling process would take place. In 

this case, only one (1) liter of groundwater raw sample was taken in a High Density Polyethylene 

(HDPE) bottle from the weir after the first flushed out. The bottle has been rinse twice with the 

groundwater to ensure its purity. Sample should be obtained with the least agitation or disruption 

possible and to be stored in the chiller with controlled temperature. It is to ensure that the samples will 

not affect by the surrounding thus giving error to the result. 1.0g and 2.0g of the carbonized pomelo 

and banana peels are being mixed in the 100 ml of the groundwater samples respectively, in result of 

two (2) samples to be experimented. The samples with pomelo peels in it are left for 80 minutes while 

the banana peels are left for 120 minutes before being filtered and kept in the chiller. 
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2.4 Heavy Metal Concentration Analysis 

The water samples taken was filtered to remove any impurities and diluted with dilution factor of 

100x. 10 ml from the samples was pipetted into 100 ml volumetric flask and reagant dilution (pure 

water) was poured into the water sample. The samples were stirred and stored in chiller before analyzed 

by using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). 

2.5 Percentage Removal 

The percentage removal was calculated for each of water parameter using Equation 1 as shown 

below. It is very important in identifying the effectiveness of the water treatment. 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 − 𝐹𝑖𝑛𝑎𝑙 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙(%) = 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 
× 100% 𝐸𝑞. 1 

 

3. Results and Discussion 

3.1 Analysis on concentration of heavy metal before and after treated using pomelo peels 

Based on the result within four (4) parameters of the heavy metal before treatment, it shows that Fe 

has the highest concentration which is 4.56 mg/L among the other and exceeded the permissible limit 

0.3 mg/L. The concentration of Mn is also exceeded the benchmark value for 0.1 mg/L as the result 

tested shows its concentration of 1.55 mg/L. The permissible limit for Al is 0.2 mg/L and the 

concentration in the groundwater at the study area is 0.216 mg/L. Followed by 0.97mg/L for 

concentration of Zn that presence in the groundwater at the study area which is below the benchmark 

value indicates that the groundwater is safe from excess of Zn. However, the concentration value of the 

heavy metals does reduce after getting treated using the pomelo peels as adsorbent. According to the 

observation, carbonized pomelo peels able to reduce as much as 24% for Fe, 51% for Zn, 0.9% for Al 

and 41% for Mn. Table 1 shows the result of the concentration of heavy metal before and after treated 

using pomelo peels. 

Table 1: Concentration of heavy metal before and after treated by using pomelo peels 
 

Heavy Metal Before treatment 

(mg/L) 

After treatment 

(mg/L) 

National Guidelines for Raw 

Drinking Water Quality (mg/L) 

Iron 4.560 3.470 0.3 

Zinc 0.970 0.473 3.0 

Aluminum 0.216 0.214 0.2 
Manganese 1.550 0.921 0.1 

 

To briefly paraphrase, the carbonized pomelo peels are indeed having the ability to reduce the 

concentration of heavy metal. These findings could be supported by previous studies that claimed the 

pomelo peels efficiency in acting as adsorbent [5,6,8] 

3.2 Analysis on concentration of heavy metal before and after treated using Banana Peels 

Based on the result, the adsorption process took place and reducing the concentration of the heavy 

metal successfully. The concentration of Fe before and after treatment is 4.56 mg/L and 0.753 mg/L 

respectively. However, both values still did not meet the permissible limit stated by the National 

Guidelines for Raw Drinking Water Quality which is 0.3 mg/L. The concentration of Zn has been 

reduced to 0.339 mg/L from 0.97mg/L after treating it with carbonized banana peels. Followed by the 

concentration of Al and Mn, which both reduced from 0.216 mg/L to 0.089 mg/L and 1.55 mg/L to 
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0.508 mg/L respectively. Generally, carbonized banana peels has reduced the heavy metal as much as 

84%, 65%, 59% and 67% for Fe, Zn, Al and Mn respectively. 

The treatment in using banana peels has successfully reduce the concentration of Al below the 

permissible limit, thus meet the requirement of drinking water standard. Taking everything into account, 

the banana peels has been proved to be able to reduce the concentration of the heavy metal as result 

shows a significant difference between before and after the treatment. It can be supported by previous 

studies that claimed the effectiveness of the banana peels acting as adsorbent to treat heavy metal 

[7,9,10,12] In addition, the irregular morphology and porous surface of the carbonized banana peels 

gives it an advantages in adsorbing the contamination[13]. Table 2 shows the result of the 

concentration of heavy metal before and after treated by using banana peels. 

Table 2: Concentration of heavy metal before and after treated by using banana peels 
 

Heavy Metal Before treatment 

(mg/L) 

After treatment 

(mg/L) 

National Guidelines for Raw 

Drinking Water Quality (mg/L) 
Iron 4.560 0.753 0.3 

Zinc 0.970 0.339 3.0 

Aluminum 0.216 0.089 0.2 
Manganese 1.550 0.508 0.1 

 

Analyzing the environment around the study area, the concentration of Fe is the highest as its 

accumulation in the groundwater are due to a consequence of its normal nature in underground 

geological formations and the absorption of water that penetrate these formations. Meanwhile, Al 

concentration remains the lowest as the study area is not within the landfill area. At the same time, Mn 

display as the second highest concentration obtained while taking into consideration that according to 

International Manganese Institute, Mn naturally presence in the water sources particularly in depleted 

oxygen or anaerobic systems. Considering the value of the concentration, the presence of Zn in the 

groundwater may occur due to agriculture and horticulture activities. 

3.3 Efficiency of removal between pomelo and banana peels 

The studies conducted validate the facts that using pomelo and banana peels can reduce the 

concentration of the heavy metal and the result contribute on proofing their effectiveness. In addition, 

the weight of the dosage for both peels are difference as the chosen weight were based on previous 

research. 1.0g of pomelo peels gives a maximum removal as with the higher dosage the percentage 

removal decreased due to decreased adsorbent sites [14]. Meanwhile, for the banana peels, the higher 

the dosage use, the higher the percentage removal [12]. To sum up the analysis, the higher percentage 

removal for pomelo peels in 51% in reducing Zn and the lowest is only 0.9% in reducing Al. While 

banana peels are effectively reducing Fe with a percentage removal as much as 84% and less efficient 

in reducing Al with percentage removal of 59%. Table 3 shows the percentage removal of each heavy 

metal for the type of fruit peels used as adsorbent. 

Table 3: Percentage removal of each heavy metal for the type of fruit peels used as adsorbent 
 

 

Heavy metal 

Percentage removal of 

Pomelo Peels, % 

Percentage removal of 

Banana Peels, % 

Iron 24 84 

Zinc 51 65 

Aluminium 0.9 59 

Manganese 41 67 
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With a different optimum dosage of both the peels, the result still could indicate the comparison 

between the effectiveness of pomelo and banana peels in reducing the heavy metal. Based on the 

findings, the efficiency of pomelo peels to reduce the concentration of Zn is remarkable but 

unnoticeable for Al removal. Meanwhile, banana peels are more efficient in reducing the concentration 

of Fe but less efficient in reducing the concentration of Al. Result shown similarity of the pomelo and 

banana peels within the poor percentage removal of Al. 

 

4. Conclusion 

By way of conclusion with a proven result, the concentration of Fe presence in the groundwater of 

the study area is the highest followed by Mn, Al and Zn. The concentration of Zn has obtained to be the 

lowest which is about 0.97 mg/L below the permissible value and met the standard guidelines before 

treatment. For the adsorbent dosage of 1.0g of pomelo peels, it shows that the carbonized pomelo peels 

are able to reduce concentration of Zn effectively. Meanwhile, for 2.0g of carbonized banana peels are 

capable on reducing the concentration of Al and Zn below the benchmark value and met the standard 

stated in the National Guidelines for Raw Drinking Water Quality. As a final observation, the 

carbonization of pomelo and banana peels as adsorbent are capable to treat the presence of heavy metal 

in groundwater simultaneously a low-cost adsorbent material. 
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