
American Journal of Science, Engineering and Technology 

2026, Vol. 11, No. 4, pp. 310–315 

https://doi.org/10.11648/j.ajset.20261104.18 
 

 

 

 

Received: 31 December 2025; Accepted: 19 January 2026; Published: 17 October 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

Research Article 

Sustainable Use of Waste Snail Shell Powder for Water 

Treatment: A Preliminary Adsorption Study 

Ghanishtha Prusty1, * , Bodroth Rabi Prasad2 , Suman Polaki3 ,  

Tapas Ranjan Guru1 , Abhipsa Pradhan1 , Sushree Yugma Senapati1 , Snehalata 

Pradhan1  

1Department of Life Sciences, Gandhi Institute of Engineering and Technology University, Gunupur, India 

2Department of Biotechnology, Gandhi Institute of Engineering and Technology University, Gunupur, India 

3Department of Biotechnology, Centurion University of Technology and Management, Parlakhemundi, India 

 

Abstract 

Water pollution caused due to industrial wastewater discharge has emerged as a crucial environmental concern worldwide. With 

heavy metals being most hazardous contaminants. Lead (Pb) particularly remains a significant environmental and public health 

concern. It is a serious treat due to its non-biodegradable nature, environmental persistence and significantly high tendency to 

bioaccumulate in living organisms. Exposure to lead, even at low concentrations, can cause severe renal, neurological, 

developmental, and physiological disorders. Thereby making its removal from contaminated water system is an important 

priority. Conventional methods for lead removal, such as chemical precipitation, ion exchange, and membrane filtration, are 

often costly, energy-intensive, and may generate secondary pollutants. Therefore, low-cost, sustainable, and environmentally 

benign alternatives are highly desirable. In this present study the snail shell waste was investigated as an eco-friendly biosorbent 

for the removal of PB2+ ions from contaminated aqueous systems. Snail shells primarily composed of calcium carbonate (CaCO3) 

plays a crucial role in their effectiveness as a biosorbent. The CaCO3 can interact with heavy metal ions through adsorption, ion 

exchange, surface complexation, and precipitation. In this study, collected snail shells were washed, dried, pulverized, and used 

in normal as well as sintered forms to evaluate their biosorbent potential against contaminated water. The level of contamination 

was evaluated before and after biosorbent treatment was estimated using a UV-Visible spectrophotometer after colour 

development and calibration with standard solutions. The experimental groups included lead normal snail shell, sintered snail 

shell. The results indicated a reduction in impure concentration after treatment with snail shell biosorbent, with sintered snail 

shell showing comparatively higher removal efficiency than normal snail shell. The improved performance of sintered snail shell 

may be attributed to increased surface reactivity and enhanced availability of calcium-based active sites. Overall, the findings 

suggest that snail shell waste can act as an efficient, low-cost, and sustainable biosorbent for reducing lead toxicity in 

contaminated water systems. The utilization of snail shell waste not only supports heavy metal remediation but also contributes 

to waste valorisation, circular economy, and environmental sustainability. 
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1. Introduction 

Heavy metal contamination is one of the major environ-

mental problems associated with industrialization, mining, 

urbanization, and improper waste disposal [1]. Heavy metals 

such as lead, cadmium, chromium, mercury, arsenic, and 

copper can enter aquatic ecosystems through industrial ef-

fluents, sewage discharge, agricultural runoff, battery waste, 

paint residues, electroplating waste, and electronic waste [2]. 

Unlike many organic pollutants, heavy metals do not de-

grade easily and can remain in the environment for long pe-

riods. 

Lead (Pb2+) is one of the most toxic heavy metals. It has no 

known beneficial biological role and can cause harmful effects 

even at low concentrations. Lead exposure has been associ-

ated with bioaccumulation, oxidative stress, neurotoxicity, 

and immune-related effects in aquatic organisms [3]. In hu-

mans and other organisms, lead can interfere with cellular pro-

cesses, enzyme activity, nervous function, and physiological 

development [4]. 

The removal of lead from contaminated water is therefore 

an important requirement for environmental protection. Con-

ventional methods for lead removal include chemical precipi-

tation, membrane filtration, reverse osmosis, ion exchange, 

electrochemical treatment, and activated carbon adsorption 

[5]. Although these methods can be effective, they are often 

expensive, energy-intensive, and may produce secondary pol-

lutants. This creates the need for low-cost, eco-friendly, and 

easily available biosorbents. 

Biosorption is a process in which biological materials re-

move pollutants from aqueous solutions through adsorption, 

ion exchange, complexation, and precipitation [6]. Waste bio-

logical materials are especially useful because they are cheap 

and readily available. Snail shell waste is one such material. 

Snail shells are mainly composed of calcium carbonate, which 

can interact with heavy metal ions. Calcium carbonate-based 

materials, including calcite, have been reported as promising 

sorbents for Pb2+ removal from aqueous solutions, with mech-

anisms involving surface precipitation, heterogeneous nucle-

ation, and co-precipitation [7]. 

In recent years, the use of waste-derived biosorbents has 

gained attention because it combines pollution control with 

waste valorisation [8]. Materials such as eggshell, coconut 

shell, rice husk, fruit peels, fish scales, and molluscan shells 

have been investigated for heavy metal removal [9]. Among 

these, snail shell waste is particularly promising because it is 

inexpensive, naturally abundant, and usually discarded with-

out proper utilization. Converting snail shell waste into a bio-

sorbent provides a sustainable approach that reduces solid 

waste while producing a useful material for wastewater treat-

ment. The adsorption potential of snail shell is mainly associ-

ated with its calcium carbonate-rich structure. Calcium car-

bonate provides active sites for binding metal ions and can 

also participate in ion exchange and precipitation reactions 

[10]. In the case of lead, Pb2+ ions may interact with carbonate 

groups and form poorly soluble lead carbonate, thereby reduc-

ing the dissolved concentration and bioavailability of lead in 

water. This makes snail shell powder a suitable material for 

lead immobilization. 

Thermal treatment or sintering of snail shell powder may 

further improve its biosorbent properties. During sintering, 

structural and chemical changes may occur in the shell mate-

rial, leading to increased surface roughness, porosity, and re-

activity [11]. At higher temperatures, calcium carbonate may 

partially convert into more reactive calcium-based com-

pounds such as calcium oxide [12]. These changes can en-

hance the interaction between the biosorbent surface and Pb2+ 

ions. Therefore, comparing normal and sintered snail shell 

powder can help determine whether thermal modification im-

proves lead removal efficiency. 

The present study aims to evaluate the potential of waste 

snail shell powder as a sustainable adsorbent for the treatment 

of industrial wastewater using a simple batch adsorption ap-

proach. 

2. Materials and Methods 

2.1. Collection and Preparation of Adsorbent 

Discarded shells of Pila globosa were collected from local 

freshwater sources and cleaned thoroughly with tap water fol-

lowed by distilled water to remove adhering impurities. The 

cleaned shells were dried in a hot air oven at 60°C for 24 h. 

Dried shells were crushed manually and ground into fine pow-

der using a laboratory grinder. The powder was sieved through 

a fine mesh (≤250 µm) to obtain uniform particle size and 

stored in airtight containers for further use [13]. 

2.2. Preparation of Sintered Shell 

Some amount of prepared shell powder was subjected to 

thermal treatment in muffle furnace (horizontal shape cham-

ber type muffle furnace max. temp1050, Narcas) at high tem-

perature (200°C) to obtain sintered shell powder. 

2.3. Collection and Preparation of Industrial 

Wastewater 

Industrial wastewater samples were collected from a local 

discharge site in clean polyethylene containers. The samples 

were transported to the laboratory and stored at 4°C. Prior to 

experimentation, the wastewater was filtered using Whatman 

filter paper to remove suspended particles and brought to 

room temperature. 
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2.4. Batch Adsorption Experiment 

Batch adsorption experiments were carried out by adding 

1 g of snail shell powder to 100 mL of wastewater in conical 

flasks. The mixture was maintained at room temperature and 

gently agitated. Samples were withdrawn at regular intervals 

(0, 15, 30, 45, 60, 90, and 120 minutes), filtered, and ana-

lyzed. 

2.5. Spectroscopic Analysis 

The optical density (OD) of the wastewater samples was 

measured using a UV–Visible spectrophotometer (Model 119, 

Systronics, India) at 660 nm wavelength. Distilled water was 

used as a blank. Reduction in OD values indicated removal of 

pollutants. 

2.6. Calculation of Removal Efficiency 

% 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = OD0 − ODt / 𝑂𝐷0 × 100  

Where: 

𝑂𝐷_0= initial optical density 

𝑂𝐷_𝑡= optical density at time 𝑡 

2.7. Scheme 

The overall experimental workflow followed in this study 

is illustrated in Scheme 1. 

 
Scheme 1. Preparation of snail shell powder and its application. 

Table 1. Optical Density and percentage Removal of During the treatment. 

Time (min) OD Value (Normal) % Removal OD (Sintered) % Removal 

0 1.00 0 1.00 0 

15 0.86 14 0.78 22 

30 0.74 26 0.63 37 

45 0.65 35 0.52 48 

60 0.56 44 0.41 59 

90 0.45 55 0.30 70 

120 0.36 64 0.22 78 

 

3. Results 

The adsorption performance of snail shell powder for the 

treatment of industrial wastewater was evaluated by monitor-

ing the reduction in optical density (OD) over time. A gradual 

decrease in OD values was observed with increasing contact 

time, indicating effective removal of pollutants. 
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Figure 1. Comparative reduction in OD of wastewater using normal 

and sintered snail shell over time. 

The results indicate a gradual decrease in OD with in-

creasing time, as shown in Figure 1, sintered snail shell 

powder exhibited consistently lower OD values compared 

to normal shell powder, indicating enhanced adsorption ef-

ficiency. 

4. Discussion 

The present study demonstrates that waste snail shell pow-

der can serve as an effective biosorbent for the treatment of 

industrial wastewater, as evidenced by the progressive de-

crease in optical density with increasing contact time. The 

reduction in OD indicates removal of dissolved and sus-

pended pollutants from the wastewater, confirming the ad-

sorption capability of the material [14]. The initial rapid de-

crease in OD observed during the early stages of treatment 

(0–60 min) can be attributed to the availability of a large 

number of active adsorption sites on the surface of the shell 

powder. As the process continued, the rate of removal grad-

ually decreased, suggesting partial saturation of these active 

sites and the establishment of adsorption equilibrium. This 

behavior is consistent with typical adsorption kinetics re-

ported for low-cost biosorbents. The improved performance 

of sintered snail shell powder compared to normal shell pow-

der highlights the importance of surface modification. Ther-

mal treatment likely enhances the surface area, porosity, and 

reactivity of the material, thereby increasing the number of 

available binding sites. This leads to higher adsorption effi-

ciency and faster removal of pollutants. The structural trans-

formation of calcium carbonate during sintering may also 

contribute to improved adsorption behavior. 

Snail shells are predominantly composed of calcium car-

bonate, which plays a crucial role in pollutant removal [15]. 

The adsorption process may involve multiple mechanisms, in-

cluding surface adsorption, ion exchange, and precipitation 

[16]. These mechanisms collectively contribute to the reduc-

tion in pollutant concentration in the wastewater. The use of 

real industrial wastewater in this study adds practical signifi-

cance to the findings, as such wastewater contains a complex 

mixture of contaminants rather than a single model pollutant. 

This demonstrates the potential applicability of snail shell 

powder in real-world environmental conditions. Compared to 

conventional treatment methods, the use of snail shell waste 

offers advantages such as low cost, easy availability, minimal 

processing requirements, and environmental sustainability 

[17]. However, the present study is preliminary in nature and 

has certain limitations. Parameters such as pH, adsorbent dos-

age, initial pollutant concentration, and temperature were not 

extensively varied. Additionally, detailed adsorption isotherm 

and kinetic modelling were not performed. Future studies 

should focus on optimizing these parameters and investigating 

the regeneration and reuse potential of the adsorbent. Overall, 

the findings indicate that snail shell powder is a promising, 

eco-friendly material for wastewater treatment and can con-

tribute to sustainable waste management and environmental 

protection [18]. 

6. Conclusions 

Waste snail shell powder is an efficient, low-cost, and eco-

friendly adsorbent for lead removal from wastewater. Sintered 

shell exhibits higher efficiency due to improved surface prop-

erties. This study supports the use of biological waste for sus-

tainable environmental remediation. 
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