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Abstract: Heavy metals such as cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg) are considered to be highly 

intoxicating pollutants in water. This is a primary concern for developed countries like the Philippines since it creates a 

substantial impact on the environment and health. Absorption of these heavy metals has only been of limited use because it 

undergoes methods which are expensive. This research focuses on determining the probability of Golden Apple Snail (GAS) 

shells (Pomacea canaliculata) as a cost-effective treatment in absorbing heavy metal Lead (Pb) in water. A new chelating agent 

has been prepared by pulverizing GAS shells and weighing them as 20g per treatment, two factors are observed in the study: 

agitation time of 6, 12 and 18 hours and varying concentrations of 50, 100, and 150 ppm. The absorptive capacity of the bio-

absorbent was measured and quantified using the Flame Atomic Absorption Spectroscopy (FLAAS) as well as the residue of 

the Lead (Pb) in the solution. The result of the analysis shows that the absorptive capacity of GAS shells are at 99.86% with 

the absorption capacity in regards of concentration are at 99.97% and with agitation time 99.96%. Furthermore, results show 

that Sample Ca2, having 50 ppm concentration being treated for 18 hours rendered a 100% absorption of the heavy metal in 

the solution. It can, therefore, be concluded that GAS shell is a promising chelating agent in absorbing Lead (Pb). 
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1. Introduction 

Highly intoxicating pollutants like cadmium, chromium, 

lead, and mercury is amongst the most alarming concerns 

especially with developing countries like the Philippines 

since they create a substantial impact on the environment and 

health [10]. 

Heavy metal pollution occurs in many industrial 

wastewaters such as those produced by metal plating 

facilities, mining operations, battery manufacturing 

processes, the production of paint and pigments and the glass 

production industry [11]. The wastewater then, if polluted by 

heavy metals can cause direct toxicity; not just to humans 

and the environment, but also to other living organisms due 

to their presence past specified limits [13]. 

Lead (Pb), specifically, is one of the most common 

contaminants on the environment for its extensive use in 

several industries such as petroleum, mining, paint, ceramics 

and weapons industries. The lead build-up in the human body 

can cause to severe health problems such as brain damage, 

kidney failure, and significant developmental, learning and 

behavioral problems in children [6]. Lead (Pb) is highly toxic 

in nature even in small amounts could cause health concerns 

to humans [17]. Toxicity has been shown to occur at 

concentrations as low as 1 pM making significant reductions 

to the allowable levels of lead in drinking and irrigation 

waters in most countries [21]. 

With this, the dread of disposing heavy metals on bodies of 

water has also turned rampant and is now a primary concern 

all over the globe. Industries such as in our status quo, 

discharge various heavy metals such as Cadmium (Cd), Zinc 

(Zn), Copper (Cu), Chromium (Cr), Mercury (Hg) and Lead 

(Pb). In which the mentioned metals can cause detrimental 

effects on our environment, especially on bodies of water 
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where they are [19]. Former Secretary of the Department of 

Environment and Natural Resources of the Philippines, Gina 

Lopez, accused 28 of the country’s 41 mining companies 

which contaminated the rivers, rice fields and watersheds 

with nickel laterite [1]. Considering the aftermath of 

disposing of heavy metals particularly lead in various bodies 

of water, it can brutally pollute the primary source of potable 

drinking water. In which if that happens, can highly 

contribute to the long list of environmental problems today 

[19]. 

In most cases, heavy metal traces can be found in 

wastewaters in the mining industry since water is used to 

extract minerals like coal and iron, liquids like petroleum and 

natural gases [5]. After such process, a minor part of the 

heavy metals will end up in wastewaters from the further 

processes of the metals. From the eco-toxicological point of 

view, the most dangerous metals are mercury, lead, cadmium, 

and chromium (VI). In which all of the heavy metals 

mentioned are the most common elements in wastewaters 

from mining companies [2]. 

Techniques presently in existence for removal of heavy 

metals from contaminated water like wastewaters include; 

reverse osmosis, electrodialysis, ion exchange, chemical 

precipitation, phytoremediation, membrane separation, and 

adsorption [7]. However, all the methods mentioned still has 

disadvantages like incomplete metal removal, high reagent, 

and energy requirements generation of toxic sludge or other 

waste products that require careful disposal [3]. With 

increasing environmental awareness and legal restraints 

being enforced on the discharge of wastes, the need for cost-

effective alternative technologist are essential. In this 

endeavor, absorption has emerged as a superior to mother 

techniques because of its capability of absorbing a broad 

range of different types of absorbents efficiently [8]. 

Absorption of heavy metal ions is an efficient and well-

established method for their removal from intoxicated water. 

However, it does not come off cheap therefore limiting its 

widespread use all around the globe since not everybody can 

easily afford it. Thus, studies have been made in hopes to 

formulate an absorbent that is significantly similar in efficacy 

and yet is cheaper in monetary value [18]. According to 

Araujo, Carvalho, and Castro (2011) [4], an absorbent is 

considered to be economy-friendly if it is absolute in nature, 

a waste from an industry, and requires little processing. 

Given the considerations and requirements, this study 

focused on the GAS shells as an absorber of heavy metals, 

specifically Lead (Pb) from aqueous solutions. With the 

consideration of the rampant increase of a particular pest 

which is the GAS that mainly feeds on any succulent greens 

including the newly planted rice seedlings that can destroy 

farms, livelihood and be a burden to rice productions [14]. 

Although snails are considered pests and are looked upon 

as demise to farmers rather than an aid to their fields, snail 

shells are indeed made of mostly calcium carbonate. They 

also contain small amounts of protein. The shells consist of 

calcium carbonate crystals organized within a matrix of 

protein thus making GAS shells as an effective absorber [16]. 

Calcium carbonate (CaCO3) is one of the most promising 

compounds that effectively absorb heavy metal pollutants 

found in waste-water treatment plants. It is alleged that shells 

can be an excellent chelating agent due to its calcium 

carbonate composition. The result of this study can suggest 

that cheap, environment-friendly and easy-processed catalyst 

can be apprehended using the GAS shells [12]. This study 

focused on the potentiality and bio-significance of powdered 

GAS shells as a chelating agent to effectively absorb lead 

(Pb). 

2. Materials and Methods 

2.1. Preparation of Chelating Agent 

Eight kilograms of fresh GAS shells of various sizes were 

collected from Tagabaca, Butuan City and were brought to 

the ASSAY Laboratory, Milling Department, PHILSAGA 

Laboratory, Rosario, Agusan del Sur. The shells were boiled 

in order to scrape free of its loose tissue, washed thoroughly 

and sun-dried to remove any inessential organic material 

including its unpleasant odor. It was then powdered using a 

clean blender and was later refined with the help of a Ring 

Mill. After pulverizing, the powdered GAS shells were then 

baked in a hot air oven at 110°C for 1 hour. 

2.2. Preparation of Solutions 

One thousand ppm of Standard Lead (Pb) and 3 1L 

beakers were prepared for the solutions. The 50 mL, 100 mL, 

and 150 mL grams of lead (Pb) were diluted in a three 

separate 1000 mL triple distilled water in three 1L beakers in 

order to make a 50 ppm, 100 ppm, and 150 ppm solution. 

The three samples were given 6, 12 and 18 hours of agitation 

and then were set aside for filtration ready for analysis. 

2.3. Flame Atomic Absorption Spectroscopy 

The samples were analyzed at PHILSAGA Mining 

Corporation Laboratory, Rosario, Agusan del Sur. The nine 

sample solutions that have undergone three trials with 

varying agitation time and were analyzed by the FLAAS to 

quantify what was left of the lead solution after the treatment 

of GAS shells, and also to identify whether greater agitation 

time will affect the absorption rate. 

3. Results and Discussion 

3.1. Lead Absorption Capacity 

The concentration of heavy metal before the chelation 

process was at 51.02 ppm, 101.01 ppm and 151.36. However, 

after treating them with powdered GAS shells, the amount of 

lead (Pb) present in water was greatly lessened. The average 

amount of lead (Pb) content left in the solutions after treating 

them with powdered GAS was found to be at 0.03% leading 

to a conclusion that the average absorption of lead (Pb) by 

GAS is 99.97%. This amount of lead (Pb) absorbed suggests 

that GAS shells can be a good and dispensable absorber. 
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Moreover, varying concentrations ranging from 51.02-151.36 

ppm before treatment shows the effectiveness of lead 

absorbency despite having different lead (Pb) concentration 

results after treatment, they bear the same amount of lead 

(Pb) residue and the difference is highly significant 

(p=0.003). 

The efficacy of the absorptive capacity of GAS shells in 

regards to their heavy metal concentration can be related to 

the study of Ibigbami, Dawodu, & Akinyeye (2014) [9], 

wherein their study shows that concentration of heavy metals 

create a significant effect on the absorption rate through 

increasing the ability of the surface functional groups of 

chitosan which is amino/acetamido group to bind metal ions 

and provide a driving force to overcome the mass transfer 

resistance of metal between the aqueous and solid phases. 

Although there is an increase in the number of metal ions 

bound, the percentage of heavy metal absorbed decreases. 

Their data shows a lead (Pb) removal of 99.97% at 75 mg/L 

solution and then dropped at 87.74% at 100 mg/L solution.  

Consequently, the study of Radaideh, Abdulgader, and 

Barjenbruch (2017) [15] shows that chitin and chitosan can 

remove heavy metal ions with high performance when 

applied at different concentrations ranged between 1 to 20 

mg/L. In their study, it is observed how the adsorption of 

heavy metal decreases with increasing initial concentration. 

These can be explained on the basis that the increase in the 

numbers of ions are competing for the available binding 

spaces and also because of the lack of active sites on the 

absorbent at higher concentrations thus leaving more metal 

ions were left in the solution at higher levels of 

concentration. However, in this study, results show that 

despite different concentrations of 51.02, 101.01, and 151.36 

ppm the solutions bore the same amount of lead absorbed at 

99.97%. Despite the opposing results, this study shows that 

varying concentration ranging from 51.02-151.36 ppm do not 

affect the efficacy of GAS shells to absorb lead (Pb). 

Table 1. Percentage of lead (Pb) concentration absorbed and left from 

varying concentrated solutions after treating with powdered GAS shells in 

water. 

Concentration of Lead 

(Pb) in water(ppm) 

Average Lead (Pb) 

Absorbed (ppm) 

Average Lead 

(Pb) Left (ppm) 

51.02 51.00 (99.97%) 0.02 (0.03%) 

101.01 100.98 (99.97%) 0.03 (0.03%) 

151.36 151.31 (99.97%) 0.05 (0.03%) 

3.2. Efficacy with Agitation Time 

The findings based on the Figure show a high percentage 

of absorbed lead (Pb) concentration with a very little 

percentage left after the water samples were treated with 

GAS shells with increasing agitation time. Results show that 

samples bearing 6-12 hours of agitation time bear the same 

percentage of absorption which is 99.97%. After 18 hours 

agitation time, the samples bear 99.96% absorption. It is 

shown that the longer the agitation time, the lesser percentage 

of lead will be absorbed.  

Similar results from the study of Alyuz and Veli (2007) 

[20] determining the adsorption of copper (Cu) and zinc (Zn) 

using Cankiri bentonite (clay) is completed in relatively short 

increasing time period of 5-10 minutes. However, as their 

contact time increases at 80 minutes, the absorption 

decreases at 10 mg/L and completely stops at 150 minutes 

from the highest point of absorption of 20 mg/L at 5 minutes 

for Copper (Cu) and 10 minutes for Zinc (Zn). This similarity 

of results shows that greater contact time results in greater 

tendencies of lower absorption rates. Still, the difference of 

the data shown in this study does not create any significant 

change unto the ability of GAS shells to absorb lead (Pb) 

with varying agitation time. Furthermore, the difference of 

lead concentration before and after treatment with varying 

agitation time is highly significant (p=0.003). 

 

Figure 1. Percentage of lead (Pb) concentration after treating water with GAS shells based on agitation time. 

4. Conclusion 

Powdered GAS shells have a potential capacity to 

remediate lead-polluted bodies of water. With these data, 

inferences are made that there is only a specific range of the 

longevity of agitation that 20g of treatment can absorb in 

any of the tested concentrations. Therefore, agitation affects 

the efficacy of the powdered GAS Shells as a chelating 
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agent while the given range of concentration does not. 

Preliminary testing of the selected shells to a Fourier 

Transform Infrared Spectroscopy to determine the exposure 

of shells to any heavy metal contamination beforehand is 

suggested. Other species of snail may be selected as an 

absorbent and is encouraged to be compared to GAS. 

Furthermore, it is also encouraged to test the GAS shells’ 

ability to absorb heavy metals like cadmium (Cd), mercury 

(Hg), zinc (Zn), Iron (Fe) and heavy metals other than lead 

(Pb) as well as to synthesize and characterize the chitin 

present in the shells. 

This paper can contribute to an economic lift by making 

use of GAS shells as a new chelating agent which is cost-

efficient. With this, it will create a major shift from 

presently expensive chelating agents to a cheaper heavy 

metal absorber biopolymer. It will then be utilized in 

cleaning wastewaters. 
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