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Abstract: Waste from the cultivation of bivalve mollusks has become an 
environmental issue in many parts of the world due to its irregular disposal. In 
Brazil, according to a diagnosis by the Secretariat for Sustainable Development 
and Environment, the Ilha de Deus fishing community, located in Recife, 
Pernambuco, produces about 408 tons of charru mussel shell waste annually. 
This waste is deposited directly into mangrove areas, producing serious 
environmental and social impacts. Seeking suitable ways to dispose of this 
waste, this study proposes possible uses for mollusk shells, identifying benefits, 
losses, and difficulties in the use of this waste through a systematic review of 
the literature. A chemical and thermogravimetric analysis of the mussel shell 
waste was carried out and several possible uses were proposed, mainly as a raw 
material for civil construction, taking into account local needs. The shells can 
be used as aggregate for mortar and concrete for various purposes and as filters 
for the treatment of effluents. 

Keywords: bivalve mollusks; construction; recycled aggregates; solid waste; 
sustainable development. 
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1 Introduction 

One of the greatest challenges mankind faces is the conscious and responsible interaction 
with the environment, which is suffering disastrous consequences due to reckless human 
activities. According to Postay (2015), among the most worrisome environmental issues 
are climate change, depletion of energy matrices and natural resources, and waste 
generation. 

In Brazil, solid urban waste generation reached 79 million tons in 2018. More than 
29.5 million tons of the waste collected was sent to improper locations, many of which 
lack the necessary systems and measures required to protect the environment against 
damage and degradation. Approximately 6.3 million tons of waste were not collected at 
all, being improperly disposed and causing negative social, economic, and environmental 
impacts (ABRELPE, 2019). 

In addition to the great production of waste, abundant exploitation of natural 
resources also occurs, especially by civil construction. Environmental conditions are 
being modified as a result of inadequate human actions, compromising the quality of life 
for all living beings and for future generations. 

The absence of stricter guidelines to establish sustainable levels of consumption and 
production causes conflicts between economic development and the environment. One of 
several methods that can minimise these effects is recycling. Civil construction, due to 
the large volume and diversity of materials used, provides a market with great potential to 
reuse waste, minimising the inconveniences that waste disposal or storage bring to the 
community. Also, the possibility of being able to replace natural resources with certain 
types of waste can be a path towards sustainable development. 

In the fishing community of Ilha de Deus, an island located in Recife, Pernambuco, 
the main economic activity is mariculture, the cultivation of marine organisms in their 
natural habitats. Fishing (including shrimp and mollusk farming) is the main source of 
income for the island’s 2,000 residents. However, the lack of proper collection and 
disposal of shell waste residue in the mangrove swamp (coastal ecosystem, serving as a 
transition between land and marine environments), has caused many environmental 
consequences, such as soil and water pollution and silting of the swampland surrounding 
the island. As environmental awareness has grown in recent years, more and more 
practices that seek to minimise impact to the environment are being observed. 

This study proposes ways to dispose of the abundant waste generated by mollusk 
farming, known as malacocultura, and to reduce the consumption of natural resources, 
with a focus on sustainable development, through methods of using charru mollusk 
(sururu) shells collected from the Ilha de Deus fishing community in the construction 
sector, verifying their technical viability and identifying the benefits and challenges of 
using this residue. It’s expected that the possible solutions identified from the analysis of 
the literature will promote discussions between the community, government, and 
entrepreneurs so that public policies can be created to remedy some of the consequences 
of inappropriate waste disposal which could then be expanded to other similar fishing 
communities in Brazil and around the world. 
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2 Theoretical framework 

This section presents a review of the literature on malacocultura (mollusk farming), the 
construction sector and its environmental impacts in the context of sustainable 
development. 

2.1 Malacocultura 

Malacocultura is defined in English as mollusk farming. In Brazil, it consists of the 
farming of oysters, mussels, and scallops. The world production of mollusks is estimated 
to be 10.5 million tons per year. In South America, Brazilian production occupies second 
place with 210,000 t, surpassed only by Chile with 631,600 t. On the Brazilian coastline, 
the state of Santa Catarina is responsible for 90% of national mollusk production 
(Abrunhosa, 2011). 

Figure 1 Charru mussels from the Ilha de Deus community in Recife, Pernambuco (see online 
version for colours) 

 

Source: Non-governmental organisation Saber Viver 

2.1.1 The Mytella charruana mollusk 
Popularly known as charru mussel in English, or as sururu in Brazil, Mytella charruana 
(d’Orbigny, 1842) is a species of bivalve1 mollusk. In the literature, charru mussels are 
classified as Mytella falcata in some studies and Mytella charruana in others. This is 
because these species are considered to be the same (Rios, 1985) and the Mytella falcata 
name is no longer accepted. 

Mytella charruana is native to Latin America and has a large distribution, being 
found from the Atlantic coast of Venezuela to Argentina, as well as along the Pacific 
coast and in the Galapagos Islands (Narchi and Galvão-Bueno, 1983). 
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It is common in tropical regions and widely consumed in northeastern Brazil, often 
being the only source of protein in some poorer villages (Boffi, 1979 apud David, 2007). 
This species is characteristic of environments from loamy seas to shallow lakes. The 
mussels measure approximately 50 mm in length and 22 mm in width, with a yellow or 
brown anteroventral shell with a green dorsal part, as can be seen in Figure 1, showing 
the charru mussels collected from Ilha de Deus. 

2.1.2 Physicochemical composition of mollusk shells 
Silva et al. (2010) studied the physicochemical and microstructural characterisation of 
bivalve mollusk shells and found that calcium carbonate (CaCO3) is its main constituent, 
composed of 93% aragonite and 7% calcite. The authors conclude that the high calcium 
content, as well as low levels of other metals, indicates potential uses for the shells, often 
considered waste. 

Calcium is the main raw material of shells, but they also contain other elements, 
which vary in composition and content due to the temperature, pH, salinity, and 
concentration of chemical elements present in the habitat. Bezerra et al. (2011) 
determined the chemical composition of shells (Table 1) using X-ray fluorescence, 
showing the amount of each oxide found in the shells analysed. They suggested that the 
shells found along the Paraiba coast are of the species Anamalocardia brasiliana and 
Tivela mactroides, containing Aragonite crystal in their structures. 
Table 1 Oxide content by X-ray fluorescence of bivalve mollusk shells of the species  

A. brasiliana and Tivela mactroides 

Compound (oxide) Concentration (%) 
CaO 97.5372 
Fe2O3 0.8697 
SiO2 0.8029 
SrO 0.5300 
SO3 0.1462 
Cr2O3 0.1140 

Source: Bezerra et al. (2011) 

Hamester and Becker (2010) also studied the chemical composition of different species 
of shellfish found in southern Brazil and obtained results similar to those of Bezerra et al. 
(2011). 

However, Kurunczi (2001) points out that these values may vary according to the 
conditions of the water in which the mollusk develops, as they are filterers, making no 
distinction or selection of the filtered material. The author detected, through his studies, 
mercury (Hg) and lead (Pb) contents in mussel shells, due to contamination of the water 
where the mollusks grew. 

2.1.3 Environmental impacts of malacocultura 
The processing of shellfish for consumption in the form of food is done by heating it in a 
vessel and then stirring it in plastic boxes that serve as a sieve to facilitate the separation 
of the mollusk from its shell. During this process, the shells are disposed of, becoming 
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waste (information provided in informal conversation with residents and producers of 
sururu, during a visit to the Ilha de Deus community, Recife, 2017). 

In fishing communities, these shells are often discarded improperly, causing 
significant environmental impact, visual pollution, and hygiene problems due to the lack 
of sanitary control, as they are often thrown in the streets or into backyards (Santos, 
2013; Bernardo et al., 2009). This inappropriate disposal of mollusk shells in the sea and 
in rivers, according to Petrielli (2008), causes the material to accumulate, leading to  
long-term siltation, which can cause a destructive ecological imbalance. When deposited 
in vacant lots, the shells promote the spread of disease by attracting animals and insects 
that feed on organic matter. Another problem is the pungent odor produced when organic 
matter decomposes (Chierighini et al., 2011). In addition, the entire marine reproduction 
cycle can be disturbed. 

The problem of accumulation and improper disposal of shells from mariculture 
affects not only Brazil. Several studies with different recycling proposals have been 
performed in other countries. In Korea, research has been carried out since the 1980s on 
solutions for the disposal of oyster residues. According to researchers Yoon et al. (2010), 
about 300,000 tons of oyster shells are generated annually in that country. Studies prove 
that toxic gases, such as NH3 and H2S, are emitted during the process of microbial 
decomposition of the salts contained in the shells. Because of this potential impact on 
public health, the Korean government has funded a project to increase the recycling of 
this waste. 

2.2 The construction industry and its environmental impacts 

The construction industry is a significant part of the Brazilian economy, accounting for 
6.2% of the country’s gross domestic product (Federation of Industries of the Federal 
District, 2017). Construction is also responsible for the exploitation of natural resources 
and is characterised by extensive occupation and transformation of the landscape. This 
segment is responsible for causing significant environmental impact due to consumption 
and degradation of natural resources, as well as pollution (Sakr et al., 2010). 

Construction waste sources are permanent, as there will always be construction, even 
after the end of the construction cycle, with renovations, demolitions, and new 
constructions (Loffi, 2014). According to United Nations data, construction consumes 
40% of all energy, extracts 30% of all natural resources, generates 25% of all solid waste, 
consumes 25% of water, occupies 12% of the land, and accounts for 1/3 of the total 
emissions of Greenhouse gases (GHGs) (Benite, 2011). 

Approximately 5% of world CO2 emissions of anthropogenic origin come from 
cement production, according to Kihara and Visedo (2014). In Brazil, this value was 
2.07% in 2012. According to the report of Annual Estimates of GHGs in Brazil, released 
in 2014, it corresponds to 25.3 million tons of CO2. 

GHG emissions from the cement manufacturing process occur in the production of 
clinker that is its main raw material. Clinker results from the calcination of limestone and 
dolomite, the main component of which is calcium carbonate and associations [CaCO3 
and CaMg(CO3)2, respectively]. Limestone heating promotes the thermal decomposition 
of calcium carbonate, resulting in lime (CaO) and carbon dioxide (CO2), which is 
released into the atmosphere. GHG emissions originate not only from the burning of 
clinker, but also from the use of heating and drying fuels. Of the approximately 43 Mt of 
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CO2 emitted in 2014 in Brazil, 60% are from the production of clinker and 40% from fuel 
combustion (Ferreira et al., 2018). 

These are just a few aspects of the contribution of the construction industry to 
environmental degradation. There are countless challenges, but in essence, they consist of 
reducing and optimising material consumption, reducing waste generation, preserving the 
natural environment, and improving the quality of the built environment. Recycling can 
become an attractive form of waste and natural resource consumption management in the 
construction sector, as it transforms waste into input material, with innumerable 
environmental advantages. 

3 Characterisation of the study site: Ilha de Deus and the environmental 
problem 

The Ilha de Deus ZEIS (special zone of social interest), a fishing community located in 
Recife (latitude 8°05’13”S and longitude 34°54’06”W), in the state of Pernambuco, 
Brazil, was selected for this study. It suffers from inadequate disposal of bivalve mollusk 
shell residue, mostly charru mussels (sururu), left over after harvesting. 

Ilha de Deus community is one of the oldest fishing communities in Recife, first 
settled in the 1950s. Considered a special zone of social interest (ZEIS) since 1995, it 
occupies a total area of 212 ha, with only 4.55 ha inhabited and 13.36 ha occupied by 
shrimp farming (Pernambuco, 2007; Pernambuco et al., 2014). 

The island (Figure 2) is located in the Tejipió River Basin, between the Pina, Jordão, 
and Tejipió Rivers in the neighbourhoods of Pina and Imbiribeira, within a Special Zone 
of Environmental Protection (SZEP) known as Parque dos Manguezais, in the city of 
Recife. 

During a visit to Ilha de Deus, in 2017, João Paulo Gomes, a social activist from the 
Secretariat of Social Development, Children, and Youth of Pernambuco, estimates that its 
population is made up of approximately 257 families (2,000 people), directly or indirectly 
linked to artisanal fishing work. Approximately 70% of these fishermen practice 
malacocultura and live mainly from harvesting sururu (charru mussel). The fishing areas 
are the Pina Basin, in the vicinity of Ilha de Deus, under the Pina bridges, and the Parque 
dos Manguezais, near the island of São Simão (Souza et al., 2010; Oceanário Institute of 
Pernambuco, 2010). 

According to Hamester and Becker (2010), in Brazil of the total amount of shellfish 
produced, only 20% by weight is consumed in the form of food, with 80% consisting of 
shells. Petrielli (2008) adds that, after consumption of the mollusks, only 10% of the 
shells are reused or sold. The vast majority of them are discarded in vacant lots or thrown 
back into the sea, causing serious impacts to the environment. 

In 2007, Ilha de Deus underwent a process of urban intervention entitled ‘Integrated 
investments action plan for ZEIS Ilha de Deus’, where urban requalification projects and 
social inclusion actions were carried out, promoted by the state government in 
partnership with the municipality and the federal government. From 2009 to 2014, the 
project evolved, replacing stilt houses with new masonry homes, along with other 
significant improvements to the community. However, there were no ideas regarding a 
suitable way to dispose of the large amount of waste generated by the community’s 
principal economic activity: the sururu shells. 
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Figure 2 Ilha de Deus community in Recife, Pernambuco, Brazil (see online version for colours) 

 

Source: Elaborated by the authors from Google images 

Figure 3 Sururu shells deposited on the mangrove bank in Ilha de Deus (see online version  
for colours) 

 

In most fishing communities, these shells are improperly discarded, causing significant 
environmental impact, sanitation problems, as well as visual pollution, as they are thrown 
in the streets, in backyards, and directly into the water (Santos, 2013; Bernardo et al., 
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2009). These problems can currently be observed in Ilha de Deus. Figures 3 and 4 show 
what was found during a community visit in October 2017. 

Figure 4 Sururu shells deposited in vacant lots in Ilha de Deus (see online version for colours) 

 

Source: Authors 

The sururu shells have been deposited into the water and have accumulated along the 
mangrove banks in the community, potentially compromising fishing as well as the 
environment of other aquatic species that live nearby. The accumulation of shells at the 
bottom of the sea or mangrove can reduce the water depth, preventing the circulation of 
water and damaging the mariculture itself, which requires an uncontaminated 
environment to ensure production quality. Finding a suitable destination for this waste is 
necessary, to preserve both the environment and local fishing activity. 

4 Applicability of mollusk waste 

This section addresses studies on the reuse of shellfish residues and their application to 
civil construction and in other sectors. 

4.1 Reuse of mollusk shells in construction 

In Brazil, research related to residues from mariculture is still recent and scarce. Interest 
in the subject gained strength in the state of Santa Catarina, which is responsible for 98% 
of mollusks collected and consumed throughout the country (Rosa, 2015). The first tests 
using shellfish to replace the fine sand in pavement manufacturing took place 12 years 
ago, and today the Santa Catarina cement industry already considers shell processing as 
an official aggregate in the production of concrete blocks. With the evolution of the 
research, oyster and mussel residues have also been used, and, in addition to paving 
blocks, structural and non-structural concrete blocks have been manufactured, with a 
resistance up to 20% greater than that of conventional blocks (Santos, 2016). 
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Batista et al. (2008) produced blocks and pavement with a mixture of construction 
waste and mariculture residues. The blocks had resistance values compatible with class D 
– non-structural block, where the required resistance is 2.0 MPa. All samples of the 
concrete blocks had absorption values within the norm (10%), indicating that the blocks 
can be used in civil construction. Floors made with the incorporation of oyster and 
shellfish presented excellent results for this category, with water absorption rates well 
below the established standard, indicating that the properties of the conventional material 
can be improved upon. 

In Florianópolis, Loffi (2014) analysed the incorporation of oyster shell powder into a 
mortar used in civil construction, and found that the effect of a 5% concentration on 
water absorption achieved the highest mechanical resistance result according to the 
analysed standards. The author also performed a chemical analysis of the oyster shell, 
showing the presence of 93% calcium carbonate, and an alkali-aggregate reaction (RAA) 
test, which proved to be favourable, finding no pathologies in the samples at all of the 
different concentrations tested. 

When studying the reuse of shellfish as coarse aggregate in the production of  
non-structural concrete, Silva et al. (2016) observed a 48% reduction in resistance in 
samples with 100% shells. However, they did not discard their use for moderate stress 
situations, such as single-family dwellings. In addition, they considered the results to be 
acceptable for the use of concrete in the leveling of basements and subfloors, where it 
also resulted in a 25% savings in the cost of concrete, demonstrating not only 
environmental benefits, but also economic ones. 

Rêgo et al. (2016) used shellfish powder collected in the city of Igarassu, Pernambuco 
as an aggregate in subfloor mortars and obtained very satisfactory results. The authors 
compared samples having a water/cement ratio of 0.7 without shells to samples where 
50% and 100% of the aggregate was replaced by shells. In the samples with 100% shells, 
they observed an increase of 18.07% in compressive strength, a reduction of 2.98% in the 
modulus of elasticity, and an average increase of 5.4% in absorption. 

Rios et al. (2016) studied the use of ground bivalve mussel shells to partially replace 
5% and 10% of the cement for the production of mortars, finding results compatible with 
the reference mortar. The authors concluded that the shell powder does not present 
pozzolanic activity. However, it did not alter the consistency index of the mortars 
produced and did not influence the compressive strength of the mortars, but caused a 
3.5% increase in the absorption by immersion in relation to the reference mortar. Another 
more recent work that studies this kind of substitution and find similar results can be find 
in Santos (2019). 

Yang et al. (2005) investigated the properties of fresh and hardened concrete using 
oyster powder as fine aggregate and found that the workability is reduced as the oyster 
powder replacement rate increases. However, the gain in resistance was faster and there 
was no reduction in resistance when compared to the reference samples. In cases where 
sand is unavailable or difficult to obtain for concrete production, the authors considered 
its replacement by ground oyster shells to be a good alternative. 

Yang et al. (2010) analysed the long-term performance of concrete with 10% and 
20% of sand replaced by oyster shell powder and concluded that the resistance remained 
almost identical for the 10% replacement samples and slightly lower than conventional 
concrete for in the samples with 20% substitution. The authors observed that, in the long 
run, strength, modulus of elasticity, drying shrinkage, and permeability were significantly 
affected by the increased substitution of fine aggregate by oyster powder, while other 
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properties, such as deformation and carbonation, as well as the results of chemical attack 
tests, were not substantially affected. More recently, Cardoso (2019) and Cardoso et al. 
(2018) studied the substitution of fine aggregate by charru shells at proportions of 10 and 
20% and found similar results. 

Hamester and Becker (2010) verified the possibility of using shellfish as an 
alternative source for the calcium carbonate obtained from the deposits, evaluating its 
physical, chemical, and thermal characteristics. The results showed that shellfish have an 
initial degradation temperature higher than commercial calcium carbonate and a similar 
mass loss, with 95% of the chemical composition of the shells being calcium carbonate. 
The authors further determined that commercial CaCO3 and oyster and mussel shells do 
not have significant chemical differences, resulting in similar mechanical properties. 

Another interesting application for shells is as filters, due to their absorbent property. 
The chemical composition of the shells with high levels of calcium carbonate indicates 
their potential use in the treatment of wastewater, especially in the adsorption of 
phosphorus. Park and Polprasert (2008) adapted a filter made of shells to a built wetland 
system and were able to remove significant amounts of phosphorus (P) and nitrogen (N) 
from wastewater under treatment. 

Van Kaick et al. (2008), in a comparative study of the efficiency of an appropriate 
and sustainable sanitation technology in poor and rural areas built with alternative 
materials at a sewage treatment station, replaced gravel with oyster shells. The 
physicochemical parameters (biochemical oxygen demand – BOD and chemical oxygen 
demand – COD) were satisfactory, reducing the organic matter load below the 
established limits (60 mg O2/L for BOD and 120 mgO2/L for COD) for release of 
effluents into watercourses, as indicated by the Environmental Institute of Paraná. 

4.2 Other alternatives to reuse of mollusk shells 

The calcium carbonate obtained from mollusk shells, according to Chong et al. (2006), is 
an excellent alternative for use in polymeric materials such as polypropylene, having a 
low cost and being easy to obtain with low abrasiveness. Besides the possibility of using 
mollusk shells in related engineering areas, there are other possibilities for this source of 
calcium carbonate. 

In South Korea, researchers reported on studies of oyster shells pyrolysed at a 
temperature of 750°C for one hour in an inert nitrogen atmosphere, which were converted 
into a product that could be used to remove phosphates from wastewater at an efficiency 
of 98%, making it a viable strategy for controlling eutrophication (Kwon et al., 2004). 

In Spain, a factory was built in 2004 to recycle up to 80,000 t of mussel shells. It was 
able to produce calcium carbonate of 90% purity that can be used as raw material in the 
cement industry, as a soil broker, in the manufacture of paints, as an additive to paper and 
plastic, as well as in the pharmacological industry (Gremi de Recuperació de Catalunya, 
2005). 

Lee et al. (2007) demonstrated that mollusk shells restore the chemical and 
microbiological properties of soils, increasing productivity and making them a viable 
alternative to the use of fertilisers. 
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In 1989, a company was founded in the Galicia region of Spain to recycle sea shells 
with the intention of transforming them into ecological products. The company, known as 
Abonomar, uses shell residues to produce fertiliser pellets for use in agriculture that are 
composed of 20% shells. It also manufactures poultry feed based on 100% crushed 
shellfish, considered a calcium supplement capable of correcting the mineral deficiency 
of the birds and increasing the strength of the eggshells (Abonomar, 2017). 

The calcium carbonate from shells was also presented as a possible complementary 
food supplement for humans (Kwon et al., 2004; Fujita et al., 1990). 

Costa et al. (2012) studied the potential of the calcium carbonate for shells for soil 
acidity correction and concluded that the calcium carbonate present in the shells had 
superior performance compared to limestone in raising the pH values for the soil studied. 

Paiva et al. (2014), concerned about the contamination of the Capibaribe River with 
textile dye from jeans washing at industrial laundries in Pernambuco, evaluated the 
adsorption of the anionic turquoise dye Indosol by Crassostrea rhizophorae oyster shells 
calcined at 1,000°C for three hours. 

The results indicated that the optimum adsorption capacity was obtained when 0.5 g 
of adsorbent, 100 mesh granulometry, and 150 rpm were used for the oyster shells. The 
efficiency of the process was approximately 99%. The results showed that oyster residues 
are attractive in remediation of the dye under study because of both efficiency and low 
cost. Medeiros et al. (2014) performed similar studies with Brachidontes solisianus 
shellfish and proved that this shellfish is a good absorber, with an efficiency above 99% 
when prepared with 0.1 g adsorbent, 60 mesh granulometry, and a constant stirring of 
300 rpm. 

5 Methodology 

A systematic review of the literature on shell recycling was carried out, using the 
preferred reporting items for systematic reviews and metaanalyses (PRISMA) method. 
This is a structured method of organising information contained in articles, journals, and 
other media, in order to optimise the reading, analysis, and processing of existing 
information on a given topic. In this way, it is possible to better understand the ways of 
using shell waste as well as to learn the results obtained so far. From this, it is possible to 
propose ways of reusing the shells from Ilha de Deus, presenting possible benefits, losses, 
and difficulties found. 

The shells collected from the margins of the mangrove of Ilha de Deus were sorted 
manually to remove solid residues. They were then washed with running water so that 
impurities such as sand and small insects could be drained away. After washing, the 
shells were placed in an oven at 100°C ± 5°C to dry. Next, it was decided to pass the 
shells through a sieve again to remove excess impurities. After this screening, the shells 
were crushed with a blender until they reached a fineness corresponding to that of fine 
aggregate (<4.8 mm) with an appearance similar to sand grains (Figure 5). Finally, they 
were subjected to thermogravimetric analysis (TGA) and X-ray fluorescence 
spectrometry (XRF) test. 
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Figure 5 Sururu shells: before and after processing (see online version for colours) 

 

Source: Personal archive 

5.1 Thermogravimetric analysis 

TGA analyses the change in mass of a substance as a function of temperature. The TGA 
of the sururu shells was performed at the Fuel Laboratory of the Polytechnic School of 
Pernambuco at the University of Pernambuco (POLICOM) on a Shimadzu brand  
DTG-60 thermogravimetric scale. The test was performed with a 35 mg sample and the 
maximum applied temperature was approximately 900°C. Differential thermal analysis 
(DTA) was also performed. The main objective of DTA is to detect the initial 
temperature of the thermal processes. 

5.2 X-ray fluorescence spectrometry 

The XRF test was performed to determine the chemical composition of the shell residue. 
A 10 g sample of powdered shells was sent to the Nucleus of Geochemical Studies – 
Stable Isotope Laboratory (NEG-LABISE) at UFPE, where the samples were oven-dried 
at 110°C. A portion of the dried sample was taken to a kiln at 1000°C for two hours to 
determine loss on ignition, as another portion was compressed into aluminum capsules 
with 30 tons of force, forming tablets. The tablets were analysed using an XRF Rigaku 
spectrometer, model ZSX Primus II, equipped with Rh tube and seven analyser crystals. 

6 Results 

6.1 Composition of shells from Ilha de Deus 

Chemical analysis shows that the charru shell residue is made up of 97.86% calcium 
carbonate (CaCO3), indicating its potential uses. In the TGA, illustrated in Figure 6, it can 
be seen that the shell residue preserves its characteristics as it heats up to approximately 
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630°C. The high loss on ignition value is related to the partial decomposition of calcite to 
form calcium oxide (CaO) and carbon dioxide (CO2). 

Figure 6 TGA of sururu from Ilha de Deus (see online version for colours) 

 

TGA studies, along with those of other mollusks found in the literature, such as mussels, 
oysters, or cockles show that, in general, the calcination of shells at temperatures above 
600°C results in shell powder residues with higher CaO content. 

The chemical composition of the SSW, obtained using the XRF test, is shown in 
Table 2. The results of the semi-quantitative scan, are expressed in weight% and were 
recalculated to 100% after incorporating the loss value to fire. 
Table 2 Results of the X-ray spectrometry test 

Element Weight (%) Element Weight (%) 
CaO 49.52 P2O5 0.07 
Na2O 0.46 MgO 0.06 
SO3 0.44 BaO 0.05 
SiO2 0.43 K2O 0.02 
SrO 0.25 ZnO 0.02 
Al2O3 0.24 LI* 48.34 
Fe2O3 0.12 Total 100.00 

Note: LI* – loss on ignition. 
Source: Elaborated by the authors based on laboratory results 

From these results, it can be seen that the sururu (charru mussel) shells have a chemical 
composition similar to that of limestone, as well as that of other bivalve mollusks, 
consisting mainly of calcium carbonate. When subjected to high temperatures, with the 
dissociation of carbonate, they change to being composed mainly of calcium oxide 
(CaO), with small fractions of other oxides. The results corroborate its use for the various 
applications shown in the next section. 
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6.2 Proposals for the use of sururu waste from Ilha de Deus 

Based on the literature review and TGA, Table 3 presents possible applications for the 
malacocultura waste from Ilha de Deus, in civil construction and other areas, taking local 
needs into account. 
Table 3 Proposals for the use of sururu (charru mussel) waste from Ilha de Deus 

Application Advantages Disadvantages Potential market 
Replacement of 
aggregates in the 
manufacturing of 
pavement 

Reduction, even partially, of the 
exploitation of natural resources 

Possible 
interference in 
the mechanical 

properties of the 
concrete 

Local construction 
companies 

Public projects 
Small projects in the 

community itself 
Replacement of 
aggregates in the 
manufacturing of 
concrete blocks 

Reduction, even partially, of the 
exploitation of natural resources 

Possible 
interference in 
the mechanical 

properties of the 
concrete 

Local construction 
companies 

Public projects 
Small projects in the 

community itself 
Replacement of 
aggregates in 
mortars for 
different purposes. 
Examples: 
• leveling of 

basements and 
subfloors 

• bricklaying 

Reduction, even partially, of the 
exploitation of natural resources 

Possible 
interference in 
the workability 
of the mortar in 
its fresh state 

Local construction 
companies 

For these purposes, it does not 
need high resistance values 

Public projects 
Small projects in the 

community itself 

Filters for effluent 
treatment 
(residential and/or 
industrial) 

Improvement of the basic 
sanitation and, consequently, 

quality of life of the inhabitants 
of the island and other 
communities in the city 

- Poor communities that 
suffer from the lack of 
sanitary sewage (both 
for Ilha de Deus itself 

and other ZEIS) 
Soil pH balancer – 
liminga 

Reduction, even partially, of the 
exploitation of natural resources 

- Agrarian companies 

Potential for correction of soil 
acidity (Costa et al., 2012). 

Chickenfeed – 
alternative source 
of calcium in feed 

High concentration of calcium in 
the sururu shells 

Necessary 
tests/trial of 
zootechnical 
performance 

Pernambuco has more 
than 1,600 poultry 

farms (AVIPE, 2017) The use of organic sources of 
calcium is classified as renewable 

sources 
Handicrafts Source of income for residents of 

the island 
Need for manual 

skills 
Tourists who frequent 
Ilha de Deus and other 

areas in Recife Environmental/sustainable 
awareness of island residents 

Notes: aLimestone application (alkaline material) to neutralise the toxic effects of  
acidity-causing factors, as well as bringing nutrients to vegetables such as calcium 
and magnesium. 
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Specifically, for use in the manufacture of civil construction artifacts arises the concern 
regarding the durability of the cement composites produced with unconventional 
materials. For this reason, it is important to point out that the works presented refer to 
different species of mollusks, not using sururu exactly, highlighting the importance of 
research with other mollusks before any application. 

7 Conclusions 

The chorru mussel shells collected from Ilha de Deus in Recife, Pernambuco, are 
composed of approximately 97% calcium carbonate (CaCO3), a material with great 
potential for reuse. 

Among the potential uses for these residues, the most often cited was as a 
replacement for fine aggregate in the manufacturing of pavement, concrete blocks, or in 
mortars for various applications. The main advantage of using shell waste is the 
reduction, even partially, in the exploitation of natural resources. In some cases, the use 
of this material improves mechanical strength. Its principal disadvantage, however, is the 
possibility of affecting some of the concrete’s mechanical properties, mainly those related 
to durability because there have still been no studies on the effects of shells on cement 
composites over the long term. 

Another application worth mentioning is the use of shell residue as a filter for the 
treatment of effluent, as this has the potential to improve the quality of life of the 
residents of the island itself and other local communities, as these poor communities 
suffer from the lack of basic sanitation. 

It can be seen that the waste generated from malacocultura can be utilised in a variety 
of areas, and that many studies can be developed to find a solution to the problem faced 
by the community of Ilha de Deus and other fishing communities around the world. 

The recycling of all forms of shellfish residue can lead to significant environmental 
and social improvements, as the improper disposal of these shells currently causes serious 
environmental impacts, including air pollution and the generation of fungi and bacteria. 

The reuse of sururu (charru mussel) shells not only favours the environment, but also 
the communities involved in this activity, through the generation of jobs and income. 
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Notes 
1 The term ‘bivalve mollusk’ is designated to the soft-bodied animal protected by an 

exoskeleton in the form of shells, which hinges together and are held together by the adductor 
muscles. 


