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A B S T R A C T

In this study, the chemical composition of Mytilus galloprovincialis shells was 

examined. As known, the main component of shell composition in bivalves is 

calcium carbonate, which constitutes approximately 94% of the shell. The zero 

charge points (PZC) of the shells were determined in the study. The PZC value 

indicates the surface charge state of the shells. The PZC value of the shells was 

determined to be 8.39. The PZC value of the shells provides important information 

for the characterization and potential applications of the shells. SEM images and 

EDS analyzes of the shells were made. According to the EDS results, calcium, carbon, 

and oxygen atoms belonging to the main structure of calcium carbonate (CaCO3) 

appeared in the highest proportions. FT-IR analysis was supported to the calcium 

carbonate (CaCO3) structure. XRD analyses were performed within the scope of the 

study, and it was determined that the shell structures mainly consist of a mixture of 

calcium carbonate and aragonite. In conclusion, this study on the chemical 

composition of M. galloprovincialis shells provides a detailed analysis of shell 

composition. The analyses conducted provide important information about the 

chemical composition, structural properties, and potential applications of the shells. 

This study contributes to research on the biological and chemical properties of 

marine organisms and is considered to form the basis for future studies. 

INTRODUCTION 

Mollusk shells (bivalves, gastropods, and 

monoplacophorans) evolved during the earliest 

Cambrian period (starting around 541 million years 

ago) to protect their soft tissues from abiotic and biotic 

stresses. These shells belong to the Mollusca class, 

which is a diverse group of invertebrates found 

worldwide and forms an important part of marine life. 

Mollusk shells not only protect the soft tissues of 

mollusks from external factors but also serve as food 

sources and help them defend against predators (Qian 
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& Bengtson, 1989; Qian, 1999; Li et al., 2017). All 

mussels (Mollusca: Bivalvia) share unique 

morphological features, namely the presence of two 

symmetric calcareous valves that are connected by a 

calcified structure, forming their shells. This 

underscores the significance of these organisms as 

important components of the natural world. Mussels 

play a critical role in maintaining the ecological 

balance of oceans, seas, and even freshwater sources. 

Moreover, the economic importance of mussels 

cannot be overlooked. Therefore, research on the 

morphological features and shell structure of mussels 

holds great importance both scientifically and 

economically (Bogan, 2007; Graf, 2013; Chakraborty et 

al., 2020). Mollusk shells evolution is a result of the 

adaptation process to various environmental 

pressures during the early stages of life. These shells 

help protect the internal organs of the organism, 

aiding in their defense against predators and other 

threats (Li et al., 2017). Mussels belong to the subclass 

Bivalvia of the mollusk class Mollusca, which are 

recognized by their shells. These organisms are 

protected by two symmetric calcareous valves that 

make up their shells. These shells not only protect the 

bodies of mussels from external factors but also 

provide them with the ability to move and feed. 

Additionally, mussel shells help balance the chemical 

composition of the surrounding water, thus 

contributing to the healthy continuation of the 

ecosystem (Chakraborty et al., 2020). In bivalves, 

shells represent a significant portion, typically 

ranging from 56-61% by weight. The main component 

of shell composition is calcium carbonate 

(approximately 94%). Shells serve as the hard outer 

structures used by marine organisms for protection 

and structural support. They are produced and 

utilized by many organisms such as bivalves, 

gastropods, and other marine invertebrates. These 

shells are formed by the aggregation of calcium 

carbonate crystals and are usually covered by a thin 

organic membrane (Hamester et al., 2012; Ituen, 2015; 

Mititelu et al., 2022). The main component of shells is 

typically calcium carbonate, but small inorganic trace 

elements are also present in different bivalve species. 

These trace elements can influence the physical 

properties of shells and play an important role in the 

life of shelled organisms (Chakraborty et al., 2020). 

Shells dominant chemical component, calcium 

carbonate, is typically found in the form of calcite or 

aragonite crystals. These crystals provide the hardness 

and durability of the shell. However, other trace 

elements present in the shells also play a significant 

role. For example, elements like magnesium, 

manganese, iron, copper, and zinc can contribute to 

the coloration and pattern formation of shells. 

Additionally, these elements can enhance the 

durability of the shells and help shelled organisms 

defend against predators (Carroll & Romanek, 2008; 

Spann et al., 2010; Nakamura et al., 2014; Agbaje et al., 

2017, 2018a, 2018b; Chakraborty et al., 2020). This 

study was conducted to obtain information about the 

chemical structure and contents of Mytilus 

galloprovincialis mussels shells. Mussel shells consist of 

a combination of calcium carbonate and organic 

matrix, and this structure provides the strength and 

durability of mussel shells. The study determined 

how the chemical composition of mussel shells is 

affected by environmental factors such as seawater 

temperature, pH level and nutrients. These findings 

may help us understand how mussel shells respond to 

environmental changes. 

MATERIAL AND METHODS 

Sampling Stations and Time 

In this study, 100 samples of M.galloprovincialis 

were obtained from the Kefken station. The obtained 

shells were first passed through pure water. After that, 

these shells were homogenized by grinding. 

Determination of Zero Charge Point (PZC) in Shells 

The zero point of charge (PZC) was determined 

based on pH measurements of homogenized and 

ground shell samples (Mahmood et al., 2011). To 

determine the pHPZC, 100 ml of 0.01 M KNO3 solutions 

were first prepared in an Erlenmeyer flask. The initial 

pH values (pHI) of these solutions were adjusted 

between pH 4 and 10 using 0.1 M HCl and NaOH. 

Then, the modified samples were added to these 

solutions. Subsequently, the solution was stirred at a 

constant temperature using a magnetic stirrer for 48 

hours. After 48 hours, the final pH (pHF) of the 
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solution was measured and recorded. The difference 

between the initial pH and final pH (ΔpH = pHI - pHF) 

was plotted against the initial pH (pHI). The point at 

which the curve intersects the x-axis was determined 

as the PZC. 

Chemical Structure Analyzes in Shells 

SEM-EDS (Scanning Electron Microscope-Energy 

Dispersive X-Ray Spectroscopy, model JEOL JSM-

7100F) analyses were conducted at the Central 

Laboratory of Çanakkale Onsekiz Mart University. 

The device has a magnification capacity ranging from 

×40 to 300,000 and an accelerating voltage between 0.2 

and 30 kV. To enhance the conductivity properties of 

the samples, a vacuum of 8x10-1mbar/Pa was first 

applied using a Quorum coating device, followed by 

a gold-palladium (80-20%) coating process with a 

voltage of 10 mA (The coating thickness is 

approximately 2-3 nm). SEM images were captured 

using a voltage of kV (the applied voltage is indicated 

in the lower right corner of the images). Images in the 

SEM device were acquired using secondary electrons. 

Surface characteristics of the ground shells were 

examined using a Scanning Electron Microscope 

(SEM), and differences were identified. Additionally, 

EDS analysis of the shells was performed to analyze 

carbon, oxygen, nitrogen, calcium, and sulfur content. 

FT-IR spectra were measured in the range of 650-

4000 cm-1 using the ATR technique on a Perkin-Elmer 

Spectrum One device. FT-IR analyses of ground and 

homogenized M. galloprovincialis shells were 

performed to determine the chemical bonding 

properties. Thus, changes in chemical bonding 

properties and bond strengths of shell structures were 

investigated concerning species, time, and area 

dependencies. 

Additionally, XRD analyses were conducted to 

obtain information about the chemical structures and 

compositions. The analyses were performed using the 

PANalytical Empyrean X-RD device located at the 

Central Laboratory of Çanakkale Onsekiz Mart 

University. 

RESULTS AND DISCUSSION 

M galloprovincialis is an economically important 

species as it is commercially cultivated and consumed 

in the seafood industry. They are also known for their 

filter-feeding behavior in ecosystems, where they 

filter nutrients from the water, contributing to the 

improvement of water quality. These mussels are 

typically identified by their blue-purple colored shells 

and usually measure between 5 to 8 cm in length. 

Their hard shells provide protection against waves 

and predators. Additionally, it is important to 

recognize the ecological impact of this species as they 

can regulate water quality through their filter-feeding 

behavior, thereby influencing ecological balance 

(Yildiz & Berber, 2010; Yıldız et al., 2013; Acarli et al., 

2011, 2015; Acarlı et al., 2018, 2023). 

The zero point of charge (PZC) is a parameter in 

physicochemistry related to the adsorption 

phenomenon, defining the condition when the 

electrical charge on a surface is zero. In other words, 

PZC is typically the pH value at which the net electrical 

charge on the surface of a solid immersed in an 

electrolyte solution is zero. This concept not only 

defines a specific condition where the surface charge 

is zero but is also closely associated with adsorption 

phenomena. PZC is generally defined as the pH value 

at which the net electrical charge on the surface of a 

solid in contact with an electrolyte is zero 

(Somasundaran & Agar, 1967; Sverjensky, 1994; Babić 

et al., 1999; Hou et al., 2001; Kosmulski, 2002; Fiol & 

Villaescusa, 2008; Mahmood et al., 2011). To 

understand the meaning of this definition, it is 

important to first grasp what adsorption is. 

Adsorption is the process by which one substance is 

held onto the surface of another substance. This 

process typically occurs between solid and liquid or 

gas phases, and the electrical charge on the surface 

plays a significant role in the occurrence of adsorption. 

In many fields where adsorption phenomena are 

studied, determining and understanding the PZC is 

crucial (Fiol & Villaescusa, 2008; Mahmood et al., 

2011). This concept is used to determine at which pH 

values a surface is electrically neutral, which is a 

critical step in understanding how adsorption occurs. 

The determination of PZC is typically carried out 
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experimentally, and different pH values can be 

obtained for different surfaces. This can vary 

depending on the chemical composition, structure, 

and other properties of the surface. Therefore, 

determining and understanding PZC is a fundamental 

step in understanding the adsorption properties of a 

surface. Understanding PZC is important not only in 

physical chemistry but also in various industrial 

applications. Particularly, in materials science, colloid 

chemistry, environmental engineering, and other 

fields where surface chemistry and adsorption 

phenomena are studied, determining and 

understanding PZC plays a critical role in the design 

and application of materials. Consequently, PZC is an 

important parameter in physical chemistry related to 

adsorption phenomena, defining the condition when 

the electrical charge on a surface is zero. PZC is 

typically the pH value at which the net electrical 

charge on a surface immersed in an electrolyte 

solution is zero. 

PZC of M. galloprovincialis shell particles was 

determined based on the surface characteristics. The 

PZC value of the shells was found to be 8.39 (Figure 1). 

Depending on the surface characteristics of the shells, 

the PZC value can vary according to the ability of 

groups on the molecule to gain or lose hydrogen or 

electrons. When the ambient pH is lower than the PZC 

value, the system is said to be “below PZC.” In this case, 

acidic water attracts more protons from hydroxyl 

groups, resulting in a positively charged adsorbent 

surface, and negative ions are adsorbed. Conversely, 

when the pH is greater than the PZC value, the system 

is said to be “above PZC,” and the surface becomes 

negatively charged, with positively charged groups 

adsorbing. Therefore, it was determined that in 

environments where the pH of the shells is greater 

than 8.0, positively charged shells will be significant 

adsorbents for the adsorption of negatively charged 

groups, or anionic species. Figure 1 shows the curves 

of initial pH (pHI) versus ΔpH for the shells. The 

experimental PZC values obtained at the end of the 

study are also shown along with the values obtained 

by linear regression.  

 

Figure 1. Zero charge point of Mytilus galloprovincialis 

shell particles 

SEM-EDS is a microscopy technique used for 

surface imaging and elemental analysis. This 

technique allows the electron beam to scan the sample 

surface to visualize surface topography and 

simultaneously determine the chemical composition 

of elements in the sample. SEM-EDS is a widely used 

analysis method in many industrial and scientific 

applications. The broad application of SEM-EDS 

stems from its effectiveness in examining the surface 

properties and chemical composition of samples. 

Another significant feature of SEM-EDS is its 

capability for high-resolution surface imaging. This 

allows for the examination of surface morphology and 

observation of microstructures on the surface of the 

sample. Additionally, regional elemental analysis can 

be performed to obtain information about the 

chemical composition of the sample surface, 

providing detailed insights into the surface properties 

of the sample. The SEM images of the shells are shown 

in Figure 2. The SEM image illustrates the microscopic 

structure of the ground mussel shell. As can be seen 

from the image, the main component of the mussel 

shell consists of calcium carbonate crystals. The 

majority of the image is composed of irregularly 

shaped and sized plates of calcium carbonate (CaCO3) 

crystals, which are the main component of the mussel 

shell. The small particles on the plates may consist of 

organic matter or other elements. This image provides 

valuable information about the microscopic structure 

of the mussel shell, which can be utilized to 

understand its mechanical properties, chemical 

composition, and biological activity.  
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Figure 2. SEM images of Mytilus galloprovincialis shells 

 

Figure 3. EDS spectrum of Mytilus galloprovincialis shell 

Figure 3 shows the EDS analysis result of the M. 

galloprovincialis shell. EDS (Energy Dispersive X-ray 

Spectroscopy) analysis is a technique used to 

determine the chemical composition of a material. In 

the spectrum, elements such as C (Carbon), O 

(Oxygen), Ca (Calcium), Mg (Magnesium), Na 

(Sodium), and N (Nitrogen) are evident. In the 

spectrum, it can be observed that calcium (Ca), carbon 

(C), and oxygen (O) are the predominant and 

fundamental elements, which constitute the main 

structural elements of CaCO3. Carbon indicates the 

presence of calcium carbonate, the main component of 

the mussel, as well as organic matter. Mussel shells 

contain proteins and other organic molecules. Oxygen 

originates from the oxygen atoms in calcium 

carbonate, the compound present in the mussel shell. 

Calcium, on the other hand, comes from calcium 

carbonate, which is the main component of the mussel 

shell. Magnesium is thought to come from magnesium 

carbonate, which is present in small amounts in the 

mussel shell. Sodium can be attributed to sodium 

chloride in seawater. Nitrogen is generally a 

significant component of proteins and other organic 

molecules. Therefore, the presence of nitrogen in the 

mussel shell indicates the presence of proteins or other 

organic molecules. It is observed that nitrogen is 

present in the shell at a rate of 6.8 %. The relatively 

high concentration of nitrogen compared to other 

elements in the mussel shell indicates that the shell is 

rich in proteins or other organic molecules. Possible 

sources of nitrogen in the mussel shell include 

proteins from the mussel’s diet, proteins secreted by 

the mussel itself, and bacteria or other 

microorganisms adhering to the mussel shell. This 

spectrum provides valuable information about the 

chemical composition of the mussel shell. This 

information can be used to determine whether the 

mussel shell is pure, what elements it contains, and 

what impurities it may contain. The source of trace 

elements in shells generally comes from seawater. 

Seawater contains various minerals and elements, 

which shell-bearing organisms can utilize in the 
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formation of their shells. The presence of these 

elements in shells can affect their chemical 

composition and physical properties. For example, the 

integration of magnesium into calcium carbonate 

crystals can make the shells more durable and flexible. 

The importance of the elements obtained from 

seawater by shell-bearing organisms in forming their 

shells is significant. Seawater contains calcium, 

magnesium, carbonate, phosphate, and other 

minerals. These elements are the materials shell-

bearing organisms use to form their shells. Especially 

calcium carbonate is the main component of shell-

bearing organisms shells, and shells are formed with 

calcium and carbonate ions taken from seawater. The 

chemical composition of shells can vary depending on 

the ratio of the elements they contain. For example, 

calcium carbonate crystals can become more durable 

and flexible with the integration of magnesium. This 

allows the shells of shell-bearing organisms to be more 

resistant to environmental impacts. Additionally, it is 

believed that other elements can also influence the 

color and texture properties of the shells (Carroll & 

Romanek, 2008; Nakamura et al., 2014; Chakraborty et 

al., 2020). The elemental content of the shells of shell-

bearing organisms can carry traces of geological and 

climatic changes. For example, changes in the 

elemental ratios in seawater can lead to differences in 

the formation and composition of shells. Therefore, 

the shells of shell-bearing organisms can be an 

important source for understanding the history of 

geological and climatic changes. The source of 

elements in shells and the processes of shell formation 

are important research topics for scientists. 

Understanding how elements taken from seawater are 

used in shell formation provides information about 

the evolutionary processes of shell-bearing organisms. 

Additionally, the elemental content of shells can serve 

as an indicator for understanding the effects of 

environmental changes (Carroll & Romanek, 2008; 

Nakamura et al., 2014; Agbaje et al., 2017, 2018a; 

Chakraborty et al., 2020). Consequently, trace 

elements in shells generally originate from seawater 

and play a significant role in the formation of shell-

bearing organisms shells. The presence of elements in 

shells can affect their chemical composition and 

physical properties. This situation can provide 

important insights into the evolutionary processes of 

shell-bearing organisms and their adaptation to 

environmental changes. This topic is an important 

area of research for scientists, and the shells of shell-

bearing organisms can serve as a valuable resource for 

understanding the history of geological and climatic 

changes.  

Fourier Transform Infrared Spectroscopy (FT-IR) is 

a spectroscopic technique used to determine the bond 

structures of molecules. Infrared light is directed onto 

a sample and absorbed by the molecules of the 

sample. The amount of absorbed light depends on the 

wavelength of the light. By measuring the absorption 

of light at different wavelengths, information about 

the chemical composition of a sample can be obtained. 

It is a highly effective tool for determining the 

chemical bonds, functional groups, and molecular 

structures of the substance under investigation. This 

analysis method is widely used in various industries, 

biological research, drug development processes, food 

analysis, and materials science. FT-IR spectroscopy is 

a powerful and versatile technique because it provides 

information at the molecular level. Therefore, the aim 

of the conducted (FT-IR) analysis is to determine the 

structure of the main component of the shells. Below, 

in Figure 4A, the FT-IR spectra of Aragonite, namely 

CaCO3 mineral crystal, from spectral data 

characterized within the RRUFF Project are provided 

(Lafuente et al., 2015). In the spectrum in Figure 4A, 

the peaks at 1420 cm-1 represent the C-O stretching, at 

870 cm-1 represent the C-O stretching, and at 710 cm-1 

represent the C-O stretching of the carbonate 

molecule. The FT-IR spectra of M. galloprovincialis 

shells are provided in Figure 4B. When examining the 

FT-IR data of the shells, it was determined that there 

are vibration bands of CO3-2 at 1420 cm-1. The 

moderately intense in-plane bending band at 710 cm-1 

emerges as an in-plane bending band (V4) of the 

carbonate (-CO3-2) molecule, which constitutes the 

shell’s main chemical structure. This band is 

attributed to carbonate, clearly indicating that the 

main chemical structure of the shells is carbonate. 

Generally, in the spectrum of the sample, the peaks are 

observed at 1420 cm-1: C-O stretching (carbonate), 870 

cm-1: C-O stretching (carbonate), 710 cm-1: C-O 

stretching (carbonate), 3400 cm-1: N-H stretching 
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(amides), 1650 cm-1: C=O stretching (amides), and 1540 

cm-1: N-H bending (amides). Based on the peak 

positions in the spectrum, we can conclude that the 

mussel shell consists of calcium carbonate and also 

contains proteins. This spectrum provides valuable 

information about the chemical composition of 

calcium carbonate structure. This information can be 

used to determine whether the calcium carbonate 

structure is pure, what crystal form it is in, and what 

impurities it contains. The basic Raman peaks of 

carbonate (-CO3-2) that constitute the main structure of 

M. galloprovincialis shells in this study and aragonite, 

analyzed by FT-IR under the RRUFF Project, 

complement each other. 

The shells of M. galloprovincialis were analyzed 

using X-Ray Diffraction (XRD) technique and 

compared with the crystal structures of calcium 

carbonate and aragonite (CaCO3). This analysis, which 

examines the atomic and molecular structures of the 

shells, relies on the characteristic pattern of X-rays 

scattered by the crystalline phase of the structure, 

which is unique to each crystal. The crystal structures 

of calcium carbonate that make up these shells are 

formed through biomineralization processes 

influenced by various factors such as species 

characteristics, growth conditions, and the 

environment. To understand the changes in the 

molecular structures of shells depending on the 

formation of crystals, it is necessary to develop these 

techniques. Therefore, it is important to understand 

how the interaction between organic tissue and 

mineral phase is carried out within tissues (Pokroy et 

al., 2007). In this study, calcium carbonate and 

aragonite, which are composed of the same chemical 

molecules but have different crystal structures, were 

used as references. Aragonite, with a crystal lattice 

structure different from calcite (calcium carbonate), is 

actually a carbonate mineral that typically forms 

biologically in marine or freshwater environments. 

Therefore, the crystal structures of the shells within 

the scope of the study were examined to investigate 

which structure is more suitable for the shells (Figure 

5). Figure 5A shows the XRD spectrum of a mixture of 

calcite (C) and aragonite (A) produced by the US 

Geological Survey (USGS, 2001). This spectrum is 

suitable data for comparing the XRD results of the 

shells. Calcite and aragonite are two different crystal 

forms of calcium carbonate (CaCO3) mineral. Both 

belong to the trigonal crystal system but have different 

geometric structures. The most intense peak in the 

image is the calcite peak. Each peak in the image 

corresponds to the diffraction of X-rays by a specific 

atomic plane in the crystal structure of a mineral. The 

intensity of the peak indicates the number of 

diffracted X-rays. The angle of the peak indicates the 

angle of the diffracted X-rays. Because calcite and 

aragonite have different crystal structures, they have 

different peak positions. From this image, we can see 

how the chemical composition and crystal structure of 

a mineral can be determined using X-ray diffraction. 

Upon examining the spectra in Figure 5A, it was 

determined that the shell structures of M. 

galloprovincialis predominantly consist of calcium 

carbonate and aragonite. The blue part of the 

spectrum represents the samples, the red part 

represents calcite, and the green part represents 

aragonite. Thus, it was easier to identify the calcium 

and aragonite structures in the composition. X-ray 

diffraction is a powerful tool used to identify minerals 

and examine the structure of crystals. 

 

Figure 4. FT-IR spectra of A) Aragonite (CaCO3) mineral crystal characterized within the scope of the RRUFF Project 

(Lafuente et al., 2015) and B) M. galloprovincialis shells 
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Figure 5. A) X-RD spectrum of the mixture consisting of calcite and aragonite given by the US Geological Survey 

(USGS) (USGS, 2001): Aragonite (A), Calcite (C); B) X-Ray Diffraction (XRD) spectrum of M. galloprovincialis shell  

The shells of shelled organisms are structures 

formed by the accumulation of minerals such as 

calcium carbonate. These shells not only protect the 

organism’s body but are also influenced by 

environmental factors. It is known that trace elements 

in the shells are affected by environmental factors. For 

example, the temperature, acidity, and salinity level of 

seawater can affect the chemical composition and 

trace element content of the shells. Therefore, 

environmental changes can affect the composition and 

properties of shells in shelled organisms (Carroll & 

Romanek, 2008; Spann et al., 2010; Nakamura et al., 

2014; Agbaje et al., 2017, 2018a; Chakraborty et al., 

2020). The temperature, acidity, and salinity level of 

seawater can directly affect the life of shelled 

organisms. These factors can also influence the growth 

and composition of their shells. For example, as the 

acidity of seawater increases, the utilization of calcium 

carbonate in the formation of shells by shelled 

organisms may decrease, resulting in thinner and 

more fragile shells. Similarly, the salinity level of 

seawater can also affect the composition of the shells. 

High salinity levels can alter the mineral content of the 

shells and reduce their durability. The influence of 

environmental factors on the shells of shelled 

organisms can also affect the trace element content. 

Trace elements in seawater play a significant role in 

the composition of shells. For instance, elements like 

iron, magnesium, and strontium can be influential in 

the formation of shells. The levels of these elements 

can vary depending on environmental changes, 

thereby impacting the composition of the shells. The 

effect of environmental factors on the trace elements 

in the shells of shelled organisms has been a focus of 

scientific research. Researchers examine the chemical 

composition of seawater and the effects of 

environmental changes on the composition of shells, 

uncovering new findings in this area. The results of 

these studies can help us understand the life and 

evolutionary processes of shelled organisms (Spann et 

al., 2010; Nakamura et al., 2014; Agbaje et al., 2017, 

2018b; Chakraborty et al., 2020). Consequently, the 

shells of shelled organisms are influenced by 

environmental factors. The temperature, acidity, and 

salinity level of seawater can affect the chemical 

composition and trace element content of the shells. 

Therefore, environmental changes can impact the 

composition and properties of the shells of shelled 

organisms. This topic continues to be the focus of 

scientific research and can have significant 

implications for the evolutionary processes of shelled 

organisms. 

CONCLUSION 

Bivalves are a group of shelled organisms that 

inhabit both marine and freshwater environments. 

The growth of these organisms is influenced by 

various factors, including environmental conditions, 

nutrition, water temperature, water quality, light, and 

the presence of other organisms. The effects of these 

factors on the growth of bivalves are significant, and 

research on this topic provides important insights into 

the life cycle and population dynamics of bivalves. 

Environmental factors play a crucial role in the growth 

of bivalves. Factors such as seawater temperature, 

salinity level, oxygen levels, and acidity directly 

influence the growth of bivalves. For example, some 

species may grow faster within specific temperature 

ranges, while others may thrive under different 

temperature conditions. Similarly, the salinity level of 

the water also affects the growth of bivalves. 

Therefore, studying environmental factors provides 

important information about the habitats and 

populations of bivalves. Nutrition is also a significant 
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factor in the growth of bivalves. The availability of 

plankton and other organisms that bivalves feed on 

affects their growth rate. Additionally, water quality 

also influences nutrition. Pollution and other factors 

can adversely affect the food sources of bivalves, 

thereby negatively impacting their growth. Calcium 

carbonate, the main component of shells, allows 

marine organisms to build their shells using dissolved 

minerals from the water. These minerals are excreted 

from the organisms’ bodies and used to form shells. 

Calcium carbonate crystals provide the shell with 

strength and hardness, helping organisms to protect 

themselves from predators and survive in the marine 

environment. The calcium carbonate content in shells 

is part of the calcium cycle in marine ecosystems. 

Marine organisms use calcium and carbonate ions 

from the water to build their shells. These ions play a 

crucial role in the chemical composition of seawater 

and are released back into the water after being 

utilized by marine organisms to form shells. This 

process helps maintain the chemical balance of 

seawater and contributes to the overall health of 

marine ecosystems. The source of trace elements in 

shells is generally seawater. Seawater contains various 

minerals and elements that shell-bearing organisms 

can use in the formation of their shells. The presence 

of these elements in shells can influence their chemical 

composition and physical properties. For example, the 

integration of magnesium into calcium carbonate 

crystals can make shells more durable and flexible. 

Additionally, it is known that trace elements in shells 

are influenced by environmental factors. For instance, 

factors such as seawater temperature, acidity, and 

salinity can affect the chemical composition and trace 

element content of shells. Therefore, environmental 

changes can impact the composition and properties of 

shells in shell-bearing organisms. This study provides 

a detailed examination of the chemical composition of 

shells belonging to M. galloprovincialis mussels. 

Calcium carbonate, which constitutes a significant 

portion of the shell composition in bivalves, accounts 

for 94% of the shells. The study analyzed the surface 

charge status of the shells by determining their zero 

charge points (PZC). The findings revealed that the PZC 

value of the shells is 8.39, providing valuable insights 

into the characterization of the shells and their 

potential applications. Additionally, scanning 

electron microscopy (SEM) images and energy-

dispersive X-ray spectroscopy (EDS) analyses of the 

shells were conducted. According to the EDS results, 

calcium, carbon, and oxygen atoms, which are 

characteristic of calcium carbonate (CaCO3) 

structures, were found in the highest proportions, 

indicating the main structure of the shells. These 

findings contribute to a more detailed understanding 

of the chemical composition of the shells. 

Furthermore, Fourier-transform infrared (FT-IR) 

analysis supported the presence of calcium carbonate 

(CaCO3) structures. Within the scope of the study, X-

ray diffraction (XRD) analyses were also conducted, 

and the results indicated that the shell structures 

mainly consist of a mixture of calcium carbonate and 

aragonite. These analyses provide important 

information about the structural properties of the 

shells. While the predominant chemical component of 

the shells is calcium carbonate, it is known that small 

inorganic trace elements are commonly found in 

different bivalve species. These trace elements can 

affect the physical properties of the shells, determine 

their colors and patterns, and play a significant role in 

the lives of bivalve organisms. Therefore, the 

conservation of bivalve habitats and the investigation 

of the effects of environmental changes can help 

understand the effects on the composition and 

properties of the shells. Research in this area is 

considered to be an important step for the 

conservation of bivalve organisms and the 

sustainability of marine ecosystems. 
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