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ABSTRACT 
 

The waste generated by the periwinkle (Tympanotonus fuscatus) shell cannot be 
undermined. In coastal communities worldwide, periwinkle is a major source of proteins 
and other vital minerals in most delicacies. The shells of these aquatic species, notable for 
their nutrient provision, contribute to environmental degradation because of the 
indiscriminate disposal. The absence of a proper waste management program leads to the 
blockage of drainages, resulting in flooding. This study reviews the various avenues by 
which the Tympanotonus fuscatus shell can be processed and utilized. The review was 
conducted to synthesize the current body of knowledge in the research area to help 
present a proper perspective to periwinkle shell utilization. The study showed that 
periwinkle shell could effectively be utilized directly as a partial replacement for coarse 
aggregates and cement in concrete, and in the adsorption of heavy metals from 
wastewater. The shell was also a suitable replacement for asbestos in brakepad 
production. Perspectives for future research in periwinkle shell utilization as raw materials 

Review Article 



 
 
 
 

Aimikhe and Lekia; CJAST, 40(18): 31-58, 2021; Article no.CJAST.71866 
 
 

 
32 

 

for the production of synthetic stones and ceramic mugs, calcium supplements, fluid loss 
control additive for drilling mud, adsorbents for poisonous and odorous gas capture were 
identified. Other areas of future research include the use of periwinkle shells as gravel 
pack and fluid proppants alternatives in oil and gas wells and as replacements for 
molecular sieves in natural gas conditioning and biogas upgrading. 
 

 
Keywords: Periwinkle shell; waste management and conversion; pollution control; shell-derived 

products. 
 

1. INTRODUCTION 
 
The reuse and recycling of wastes have proven 
to be an efficient method of addressing the waste 
disposal problem in recent times [1]. Waste 
generation increases with climate change, 
population growth, and economic development 
[2,3]. Waste reuse help in reducing waste 
generation, lowers the rate of depletion of natural 
resources, and maintains ecological balance. 
Most of these wastes, primarily because of 
industrialization, become an environmental 
menace resulting in pollution if not properly 
disposed. Pollution prevention and control 
involve preventing or removing harmful materials 
from streams or effluents before disposal to the 
environment [4]. Pollution prevention amounts to 
reducing the quantity of waste required to be 
controlled, treated, or disposed. It is a process 
that helps protect the environment by conserving 
and protecting natural resources, which 
ultimately translates to a reduction in both 
financial costs associated with waste 
management and environmental cost related to 
public health and the environment.  

 
The booming seafood industry has seen an 
increase in the number of waste shells generated 
globally annually. For instance, there are about 
ten million tonnes of waste shells generated in 
China [5], nearly two million tonnes in Japan [6], 
and two hundred and five thousand tonnes in 
France [7]. Converting these wastes into 
valuable products can help reduce the number of 
shell wastes disposed into the environment. Also, 
the public health risk associated with the 
indiscriminate disposal of the shells will be 
reduced considerably. The usability of these 
shells lies in their availability, low cost, and high 
amounts of calcium carbonate [8] and chitin [9-
11], which can be extracted and used to produce 
various products. The reuse capacity of these 
shells can be expanded by utilizing them for the 
development of value-added products. In that 
sense, the utilization of shell waste is a valuable 
strategy for sustainable resource management, 

reduced waste storage [12], reduced material 
costs, and wealth creation.  
 

Several authors have reported the various 
applications of waste shells (egg, oysters, snail, 
cockle, mussel, clam, and scallop shells). These 
shells have been suitable in engineering, 
medicine, pollution control, agriculture, and other 
applications of human endeavors. Fig. 1 shows 
examples of some typical waste seashells found 
in the Niger Delta region of Nigeria. In building 
and construction, studies have revealed that the 
similarities in the composition (especially calcium 
oxide- CaO) of the waste shells and limestone is 
one of the significant reasons they could be used 
as substitutes for limestone [13]. The over-
dependence on naturally occurring limestone, 
granite, and other naturally occurring raw 
materials for building and construction activities, 
has led to an increase in the cost of these 
materials. In the coastal regions of the Niger 
Delta, for instance, a 50kg bag of cement and a 
tonne of granite chippings costs about ₦ 4,000 ($ 
9.76) and ₦10, 500 ($ 25.61), respectively. The 
exploitation of these natural resources has often 
led to the degradation of the environment caused 
mainly by mining activities. Groundwater, air, and 
land pollution (which are health risks to humans) 
are some of the consequences of mining 
activities [14]. 
 

Recent studies have shown that using crushed 
waste shells as aggregates in concretes does not 
improve its performance significantly. The 
concrete’s durability, compactness, and 
compressive strength have often declined with 
time [7,15]. Nonetheless, it is suggested that they 
can still be used as aggregates at a partial 
replacement extent of up to 20% in concrete for 
non-structural purposes [5, 16, 17]. However, 
when used as fillers or a partial cement 
replacement in cementitious material, the waste 
seashell powder can improve cement hydration 
and enhance the mechanical strength of the 
hardened cement mixture [15]. Using locally 
sourced waste shells as a partial or complete 
replacement for concrete aggregates can help 
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reduce the production cost of concrete, mitigate 
environmental degradation, and improve waste 
management for sustainable development.  
 

Waste shells have gained acceptance as 
effective materials for removing heavy metals, 
phosphates, and dyes from wastewater and 
treating odorized gaseous effluents. This is 
primarily due to its low cost and its ability to 
replace conventional wastewater bio-filters like 
photocatalysts, gravels, stones, and activated 
carbon. Waste shells have been applied in 
removing numerous heavy metal pollutants from 
wastewater and other effluents from various 
industries [18-21]. Onoda and Nakanishi [22] 
deployed calcium phosphate made from oyster 
shells to remove lanthanum metals from 
wastewater efficiently. In a similar study, Naik et 
al. [23] investigated the removal of heavy metals 
(Mercury, Cadmium, Arsenic, Lead, Nickel) using 
mainly bivalve, crab, and oyster shells powder. 
They concluded that a heavy metal removal 
efficiency of at least 85% was achievable. In 
another study, Dorris [24] investigated the use of 
treated crab shells through an ion exchange 
chelation mechanism to remove lead, cadmium, 

and nickel metals from wastewater. The results 
showed good uptake of the heavy metals. In the 
same vein, Park et al. [25] showed that both 
calcined and natural waste eggshells could be 
used for heavy metals removal in wastewater. 
Several other works utilizing waste shells like 
Mollusca shells [26] and Mussel shells [27] in 
removing heavy metals from wastewater have 
been reported. Waste shells have also been 
successfully used as bio-filters in water quality 
improvement. Zukri et al. [28] used calcinated 
mussel shells to solve eutrophication in lake 
water in their work. They established an uptake 
efficiency of 31.28% and 21.74% of ammonium 
and phosphorous oxide ions, respectively, when 
a 7.5g of mussel shell was used. Oyster shells 
have been used as aerated biological filters for 
municipal wastewater treatment. The oyster 
shells effectively treated the wastewater with a 
chemical oxygen demand removal of 85.1%, 
ammonia nitrogen removal of 98.1%, and total 
phosphorous removal of up to 90.6% [29]. A 
similar study has been conducted using oyster 
shells as a bio-filter for nitrogen uptake in 
domestic water purification [30].  

 

 
 

Fig. 1. Common waste shells (a) Oyster (b) Limpet (c) Whelk (d) Periwinkle shells 
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Low-cost and environmentally friendly waste 
shells have been reported to remove dyes from 
wastewater effectively. In the investigations 
conducted by El Haddad et al. [31,32], calcined 
mussel shells were found to efficiently remove 
textile dyes from aqueous solutions. The 
thermodynamics and kinetics of the bio-sorption 
of safranin dye from aqueous solutions were 
examined and found to be favorable. In another 
study, Suteu et al. [33,34] examined the use of 
powdered waste seashells as a bio-sorbent to 
remove reactive dye from textile wastewater. 
Their results showed that waste seashell powder 
could be used as a low-cost bio-sorbent 
alternative in large-scale applications to extract 
color and suspended solids.  
 
The emission of odorous and toxic gases into the 
environment can result in severe environmental 
and health concerns [35]. These gases, which 
include COx, NH3, CH4, SOx, NOx, H2S, volatile 
organic compounds (VOCs), and volatile organic 
gases [36], are usually effluents from wastewater 
treatment plants, oil and gas processing facilities, 
paint manufacturing factories, petrochemical 
plants, and other industrial facilities. Among 
these gases, the common odorous gases are 
nitrogen and sulfur compounds [37]. 
Conventional adsorbents for scrubbing of these 
gases include activated carbon [38], metal-
organic frameworks [39], porous organic 
polymers [40], and membranes [41]. A review of 
conventional adsorbents for the sequestration of 
odorous and harmful gases has been reported in 
the open literature [42]. In this regard, Jong-
Hyeon et al. [43] used waste oyster shells to treat 
and remove acid gases in flue gas. They 
concluded that treated waste oyster shells could 
be used in industrial applications to remove 
sulfur and nitrogen oxides from effluents. The 
authors attributed the remarkable ability of waste 
shells to adsorb acid gases to the presence of 
alkaline materials (mainly oxides and hydroxides 
of potassium, sodium, and calcium) in the shells.  
 
The suitability of waste shells (due to the high 
amounts of calcium oxide -CaO) for use as a 
heterogeneous catalyst has also been 
investigated by several researchers. The choice 
of waste shells is due to the rising interest in 
calcium oxide (CaO) catalysts [44-46], especially 
in biodiesel and hydrogen gas production. As a 
result, the low-cost and renewable waste shells 
represent a viable alternative to conventional 
CaO sources. In this regard, Laskar et al. [47] 
used waste snail shells to synthesize 
heterogeneous catalyst, which was then used to 

produce biodiesel from soybean with a 98% 
yield. Similarly, Buasri et al. [48,49] developed 
heterogeneous catalysts from waste shells of 
mussel, oyster, cockle, pyramidella, and scallop 
in biodiesel production through transesterification 
of jatropha and palm oil, using methanol. 
Likewise, Perea et al. [50] used mussel, clam, 
and oyster shells to produce heterogeneous 
catalysts for biodiesel synthesis through the 
transesterification of Camelina sativa oil. In 
another study, Taufiq-Yap et al. [51] showed that 
eggshell-derived catalysts could be used 
effectively to gasify wood to produce hydrogen 
gas. Similarly, Karoshi et al. [52] investigated the 
partial oxidation of methane gas to produce long-
chain (C2 – C7) hydrocarbons using an eggshell-
derived catalyst. A successful mean methane 
conversion rate of about 30% was achieved. 
 
Waste shells have been applied as calcium 
supplements in improving the bone health of 
livestock and poultry [53,54] and bioremediation 
and improvement of the micro and macro 
minerals availability in the soil [55–57]. Waste 
shells have also demonstrated an excellent 
ability to remove acidic soil contaminants in soil 
liming activities, thereby improving soil fertility 
[58]. In this regard, Shen et al. [59] demonstrated 
that using fine oysters’ shells improved soil pH 
better than conventional biochar and lime. Oyster 
shells have been proven to be a good ingredient 
for the manufacture of β-tricalcium phosphate 
containing hydroxyapatite, one of the essential 
mineral components of artificial bones and teeth 
[60–62]. Although not fully exploited, waste shells 
can find applications in orthopedic [63] and 
dental medicine. Other areas of application of 
waste shells not fully exploited are in the 
production of synthetic stones for workbench and 
tabletop surfaces, as demonstrated by Silva et al. 
[64] using oyster shells, and in the manufacture 
of ceramics with oyster shells illustrated by Hao 
et al. [65].  
 
Several review articles have been published on 
the use of waste shell-derived products and 
applications [5, 12, 66-69]. The emphasis of their 
works mainly relied on the use of eggs, oysters, 
mussels, snail, and clamshells, with little or no 
mention of the use of periwinkle (tympanotonus 
fuscatus) shells. This limited literature on the use 
of tympanotonus fuscatus shells is of great 
concern knowing that the source and 
composition of different shells could strongly 
influence the shell-derived product's performance 
[70]. The review works focused on the use of 
waste shells as aggregates or cement 
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replacements in lightweight concrete production, 
the production of synthetic stones and ceramics, 
development of bio-filters for wastewater and 
odorous gas treatment, synthesis of 
heterogeneous catalysts for biodiesel, hydrogen, 
and long-chain hydrocarbon production, calcium 
supplements for livestock and poultry, and 
applications in orthopedic and dental medicine. 
However, these review articles did not consider 
the potential use of waste shells to improve the 
geotechnical properties of lateritic soil and as 
composite materials for particleboard production. 
Also, they did not consider using the shells as 
fluid loss control additives to formulate oil and 
gas well drilling fluids, manufacture asbestos-free 
brakepads, and manufacture abrasive materials.  
 
The major areas of applying the tympanotonus 
fuscatus shells in building and construction, 
wastewater treatments, and catalysts synthesis 
are reported in this review. Applications in the 
formulation of oil and gas well drilling fluids, the 
improvement of the geotechnical properties of 
lateritic soil, as composite materials for 
particleboard production, in the manufacture of 
abrasive materials, and asbestos-free 
brakepads, are also presented. This review will 
provide a foundation and direction to researchers 
to develop new ideas of periwinkle shell 
utilization. Furthermore, perspectives for future 
research in the use of periwinkle shells 
highlighted in this study will guide researchers in 
creating a pathway for future research on 
periwinkle shell applications. For this work, 
periwinkle shells considered herein refer to the 
tympanotonus fuscatus species. 
 

2. PERIWINKLE SHELLS 
 
There are about twelve million tonnes of waste 
shells disposed of on land and the seashores in 
Nigeria annually [69]. A considerable amount of 
these waste shells are periwinkle shells. The 
periwinkle shells, discarded after the 
consumption of the edible part, generate massive 
sources of waste. Without a proper waste 
management system, these shells litter 
marketplaces, residential areas, and refuse 
dumpsites located within the locality, thus 
contributing to land and air pollution. The 
decomposition of the waste shells results in the 
production of offensive stench, leaching and 
weathering of heavy metals from the waste 
dump, and the contamination of public water 
systems. On decomposition, disease-carrying 
organisms and other animals in contact with the 
wastes can spread diseases, thereby causing 

environmental sanitation problems and 
threatening public health [5, 6, 71]. The rise in 
the consumption of shelly seafood, especially in 
coastal communities, as a healthy protein 
source, cannot be over-emphasized. In the 
coastal region of the Niger Delta, the 
Tympanotonus fuscatus, commonly known as 
periwinkle, are found in the large stretch of 
mangroves, swamps, and mudflats that 
characterize the region [72-74]. Its shell, which 
makes up about 70% of its weight [63, 75], is 
much harder and stronger than that of an 
ordinary snail. Tympanotonus fuscatus is a 
prosobranch gastropod common in many 
brackish water creeks and mangrove swamps 
within the Niger Delta province. The genus 
Tympanotonus comprises a single species with 
two varieties.. Tympanotonus fuscatus var 
fuscatus [76, 77] and Tympanotonus fuscatus var 
radula [78,79]. T. fuscatusvar fuscatus is 
characterized by turreted, granular, and spiny 
shells. On the other hand, T. fuscatus var radula 
is distinguished from the other variety by the 
absence of a spiny tubercle on the shell. Several 
varieties of these invertebrates are herbivores. 
Their sizes vary from small (about 2.5cm long) to 
large (about 5cm long). These periwinkles are 
often referred to as male and female periwinkle 
species by the locals in the region. Their 
structures can easily be used to identify them. 
Fig 2 shows the predominant periwinkle varieties 
and the calcined form of the shells at 800oC. 
 
The people in these areas consume the edible 
part and dispose of the shells as waste. Few 
people utilize the shells. However, many of these 
shells are still disposed of as garbage, thereby 
constituting environmental sanitation problems in 
areas where they cannot find any use. Large 
deposits have accumulated in many places over 
the years [72]. Various authors have reported the 
characteristics of other periwinkle varieties in the 
literature [, 74, 80].  
 

3. CHARACTERISTICS OF PERIWINKLE 
SHELLS 

 
The major minerals in the natural periwinkle shell 
are calcium carbonate (CaCO3) and magnesium 
carbonate (MgCO3), with a typical composition of 
88.22 ± 0.75% and 10.25 ± 0.42%, respectively 
[81].  On calcination of the shells, the CaCO3 is 
converted to calcium oxide (CaO), and complete 
conversion of CaCO3 to CaO is expected at 
calcination temperatures above 800 oC [82]. 
However, the optimum calcined temperature for 
periwinkle shell ash when used as a partial 
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replacement for cement in concrete is 800oC 
[83].  The calcination temperature plays a 
significant role in determining the calcined shells' 
final composition and physical properties. For 
instance, the weight percent of CaO, specific 
surface area, and pore volumes, increase with 
the calcination temperature [47, 83, 84]. Table 1 
shows that the composition of the calcined 
periwinkle shells at temperatures of 800oC to 
1200 

o
C are relatively the same, with CaO and 

silicon oxides (SiO2) the most predominant 
compounds.  This relatively high percentage 
composition of CaO and SiO2 could make the 
periwinkle shell a reliable alternative source of 
CaO and SiO2 derived materials. Periwinkle 
shells also contain polar functional groups like 
hydroxyl, carboxylic, phenolic, and primary 
amines [85]. These functional groups could make 

the shells good candidates for sorption 
applications. 

 
4. APPLICATIONS OF PERIWINKLE 

SHELLS 
 
Studies on the uses of periwinkle shells for 
industrial applications have gained traction and 
have increased recently.  This increase in the 
research of periwinkle shell utilization can be 
attributed to both the economic and 
environmental benefits associated with its use. 
The reuse of waste materials into valuable 
products has become one of the most efficient 
ways of solving waste disposal problems [1]. The 
various applications of the periwinkle shells are 
discussed in subsequent sections. 

 

 
 

 
 

Fig. 2. Periwinkle varieties and the calcined form of the shells at 800
o
C 
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Table 1. Composition of periwinkle shells at various calcined temperatures 
 

Compound Concentration (wt. %) 
 [83] 

1000 
o
C 

[83] 
800 

o
C 

[86] 
1200 

o
C 

[87] 
800 

o
C 

[88] 
800 

o
C 

SiO2 
Al2O3 
Fe2O3 
CaO 
MgO 
P2O5 
CuO 
ZnO 
TiO2 
Na2O/K2O 
SO3 
MnO2 
LOI 

33.80 
10.84 
5.58 
46.39 
0.73 
- 
- 
- 
0.23 
0.54 
0.18 
- 
6.28 

33.85 
10.24 
6.25 
40.63 
0.83 
0.01 
- 
- 
0.05 
0.41 
0.25 
- 
7.08 

32.83 
7.52 
9.84 
41.36 
- 
- 
- 
0.03 
0.04 
0.41 
0.08 
0.22 
6.30 

34.74 
15.57 
0.12 
37.54 
- 
- 
0.03 
- 
0.01 
0.03 
0.04 
0.02 
- 

33.84 
10.20 
6.02 
40.84 
0.48 
0.01 
- 
- 
0.03 
0.38 
0.26 
- 
7.60 

 

4.1 Building Materials and Construction 
 
Periwinkle shell utilization is primarily 
predominant in the building materials and 
construction industry. It is used either as a partial 
replacement for cement, fine aggregates, or 
coarse aggregates to construct mostly pavement 
slabs among the locals of the coastal regions 
where the shell waste is abundant. It is either 
used in whole or crushed to desired sizes as 
aggregates after treatment, usually including 
washing and drying. Fig. 3 shows some 
applications of periwinkle shells in concrete 
production. Investigations have shown that 
heating the waste shells at high temperatures 
and crushing to achieve appropriate fineness 
enables the shells to be effective for use as a 
partial replacement for cement [14, 89-92].  
 
To determine the suitability of periwinkle shells 
as a partial replacement for cement in concrete 
for building and construction, Offiong and Akpan 
[83] assessed the physico-chemical properties of 
the shells. The properties of the periwinkle shell 
investigated were fineness, bulk density, 
moisture content, and specific gravity. 
Compressive strength tests using 0, 10, 20, 30, 
and 40 % of periwinkle shell ash (calcined at 800 
and 1000 oC) as a partial replacement for cement 
were also studied. Comparison with the 
specification given by the American society of 
testing and material showed satisfactory results 
for fineness, composition, and 28 days 
compressive strength activity index. This result 
indicated that the periwinkle shell is suitable for 
use as a partial replacement for cement. 
Olushola and Umoh [88] carried out compressive 
and tensile test analysis to determine the 

strength characteristics of periwinkle shell ash 
(PSA) blended with cement in concrete in a 
similar work. Using a design strength of 25 
N/mm

2
 and PSA replacement from 0 to 40%, the 

results obtained were similar to conventional 
concrete. The compressive strength increased 
with the curing age of 7 to 180 days, decreasing 
as the PSA percentage composition increased. 
Another study evaluating the effectiveness of 
PSA as a partial replacement for cement in 
concrete production can be found in the literature 
[87]. From the results, it can be inferred that 
when using PSA as a partial replacement for 
cement in concrete production, the proportion of 
PSA in the mix should not exceed 10%.  
 
Waste periwinkle shells have been used as 
aggregates for the full or partial replacement of 
granitic chippings, sand, and other forms of 
aggregates to produce lightweight or low-
strength concrete [13, 93-99]. In the light of this, 
Olugbenga [100] evaluated the strength 
characteristics of concrete with varying 
percentages of periwinkle shell aggregate by 
measuring the aggregate impact value (AIV), 
aggregate crushing value (ACV), and 
compressive strength properties. Using the 
standard mix of 1:2:4, a water-cement ratio of 
0.55, and varying the percentage replacement of 
the shells from 0% to 100%, optimum 
compressive strength values of 16.79 N/mm

2
 and 

16.71 N/mm
2
 for 20% and 30% replacements, 

respectively in 28 days, were obtained. The ACV 
and AIV results were 31.59% and 22.61%, 
respectively. These results were found to be 
within acceptable limits, thereby confirming the 
suitability of periwinkle shells for use as coarse 
aggregates in lightweight concrete.   
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(a) Drainage Concrete Slab (b) Concrete Pavement 
 

Fig. 3. Some applications of periwinkle shells as aggregates in concrete 
 
Similarly, Adewuyi and Adegoke [101] reported 
sufficient compressive strengths for the concrete 
mix with periwinkle shells replacing granite 
chippings up to 35.4% and 42.5%, using 
concrete mix ratios 1:2:4 and 1:3:6, respectively. 
Also, Ettu et al. [102] conducted experiments on 
the prospects of using periwinkle shells as a 
partial replacement for granite. In doing this, 
saturated surface dry bulk density and 
compressive cube strength tests were performed 
at 7 and 28 days for different percentage 
replacements of granite chippings with periwinkle 
shells, using a constant water-cement ratio of 
0.65 and three sets of cement/sand/coarse 
aggregate mix ratios of 1/1.5/3; 1/2/3 and 1/2.5/3. 
The results showed that the density of the 
concrete decreased with increasing percentage 
periwinkle shells, from 2466.67 Kg/m

3
 for 25% 

periwinkle shell replacement at a mix ratio of 
1/1.5/3 to 2103.33 Kg/m3 for 75% periwinkle shell 
replacement at a mix ratio of 1/2.5/3. Also, 
values of 28-day compressive strength ranged 
from 24.15 N/mm

2
 for 75% periwinkle shell 

replacement to 33.63 N/mm
2
 at 25% 

replacement.  These compressive strength 
results meet the BS 8110 requirement, which 
stipulated a minimum compressive strength 
standard of 25 N/mm

2
. Conclusively, 25% 

periwinkle shells on the basis of compressive 
strength can be used as a partial replacement for 
granite chippings in lightweight concrete.  
 
Laterites are a special type of reddish sands 
used as construction material for soil 
consolidation in many roads, pavement, and 
foundations. However, not all lateritic soils can 

be used for this purpose. This is because some 
of these soils are made up of heaving clays 
which contain minerals like illite and 
montmorillonite. The presence of heaving clays 
in lateritic soils can decrease the shear strength 
of the soils and increase the pore pressure and 
swelling potential. Consequently, such lateritic 
soils are unsuitable for sub-base or base 
materials for construction purposes [103].   A 
review on the use of lateritic soils for construction 
purposes has been published in the literature 
[104]. Periwinkle shell ash's potential for 
geotechnical applications and the improvement 
of soil properties have also been published in the 
literature [105-107].In this regard, Etim et al. [86] 
investigated the compaction behavior of lateritic 
soil treated with periwinkle shell ash calcined at 
1200

o
C. Their objective was to determine the 

suitability of the treated lateritic soil as road sub-
base construction material. In doing this, the 
peak unconfined compression strength (UCS) 
and the California bearing ratio (CBR) of the 
selected samples were measured by varying the 
periwinkle shell ash component up to 12%.  
Using three compaction energy standards, 
including the British standard light (BSL), West 
African Standard (WAS), and the British 
Standard Heavy (BSH), they found out that the 
peak UCS and CBR were obtained at a 6% 
periwinkle shell ash content threshold. The 
scanning electron microscope (SEM) morphology 
of the natural lateritic soil and the optimal 6% 
periwinkle shell ash content showed significant 
microstructure and grain size distribution 
changes. The formation of cementitious 
products, which were easily identified on the 
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SEM micrograph of the treated soil, acted as 
cementing agents resulting in a denser structure 
than the untreated soil. This denser structure 
depicts fewer voids and high compaction.  The 
difference in the soil fabrics and pore surface 
area of the treated and untreated soil samples 
was studied using a fibermetric interactive 
software integrated into the SEM micrograph. 
The fiber histogram revealed the changes in 
micro-fabric orientation as a result of the soil 
treatment. The reduction in the micro fabric 
orientation from 565.94 nm to 13.01 m for the 
untreated soil and from 562.60 nm to 4.66 m for 
the treated lateritic soil after both 7 and 28 curing 
periods indicates an improvement in the 
geotechnical properties of the soil [108].  
Likewise, the pore histogram results were 
obtained from the fibermetric interactive software 
embedded in the SEM micrograph.  The 
untreated soil’s pore surface area ranged from 
0.18 m

2
 to 973.39 m

2
, while that of the treated 

soil ranged from 0.18 m
2
 to 7.36 m

2
, for the 

seven-day curing period. This result is indicative 
of a reduction in pore spaces attributed to the 
periwinkle shell filling up the void spaces, leading 
to a reduction in the surface area [109, 110]. 
 
Although the results showed that lateritic soil 
treated with 6% periwinkle shell ash improved 
the soil's compaction and strength, it did not 
meet the UCS and CBR strength criteria. It, 
therefore, cannot be used as a standalone 
stabilizer [86]. Nonetheless, the improvement in 
the soil strength and compaction properties 
suggests that periwinkle shells could be used as 
admixtures to improve the geotechnical 
properties of lateritic soils and should be further 
investigated. 
 

4.2 Wastewater Treatment and Bio-filters 
 
As with other waste shells, periwinkle shells have 
been used for wastewater treatment and bio-
filters to remove mostly poisonous and harmful 
heavy metals [110-112]. In one study, Badmus et 
al. [113] investigated the use of periwinkle shell 
ash to remove copper in polluted water. In the 
study, periwinkle shells were heated to 300 oC 
for 2 hours, crushed, and sieved with a 180 µm 
Standard Tyler Sieve No 80. The sieved sample 
was then activated with hydrochloric acid, 
washed, oven-dried at 110oC, and further 
crushed to obtain fine particle sizes of the 
adsorbent. 100 ml of wastewater samples were 
treated with varying mass of adsorbents. The 
effect of contact time, adsorbent dose, pH, 

agitation speed, and adsorbent particle size on 
the rate of adsorption were investigated. The 
authors found out that the periwinkle shell 
adsorbent removed up to 84.19% of the copper 
metals at a pH of 8. The equilibrium adsorption 
data had a good fit with both the Langmuir and 
Freundlich adsorption models. The results were 
consistent with those obtained when a standard 
commercial activated carbon was used for the 
adsorption process. 
 
Similarly, Odoemelam and Eddy [114] studied 
the suitability of oyster, snail, and periwinkle 
shells for lead (Pb

2+) 
adsorption from aqueous 

solutions. The shells were furnace dried up to 
400

o
C, crushed, and ground to powder form to 

increase the surface areas in the study. 100 ml of 
different concentrations of Pb (NO3)2 were added 
to 100g of each adsorbent at different contact 
times. The Pb2+ concentration was determined 
using the PyeUnicam model of atomic absorption 
spectrophotometer. Although the species of the 
periwinkle shells used in the experiment were not 
indicated, their adsorption of Pb

2+
 was less 

effective than oyster and snail shells. 
Nonetheless, the removal of Pb

2+ 
from aqueous 

solutions using periwinkle shells was efficient 
and adequate. The adsorption equilibrium data 
also fitted adequately with the Temkin, 
Freundlich, and Langmuir adsorption isotherms. 
A similar study on the effectiveness of periwinkle 
shells for removing lead ions from wastewater 
has also been reported [115]. Other similar works 
have shown that periwinkle shells can be 
blended with coconut husk and palm kernel shell, 
thiolated, and used to remove Co 

2+
, Ni 

2+
, and 

Cd 2+ metallic ions in an aqueous solution [85]. In 
the study, the adsorbent materials were each 
oven-dried at 400

o
C, milled separately, and the 

optimum blend (blend with the highest surface 
area) ratio of 1:1:1 was chosen. One gram of the 
blended mix was used as the adsorbent to 
remove the selected heavy metals after ten 
minutes. It was found that the composite 
samples were more effective and absorbed the 
metals more by a factor of twenty-six compared 
to using periwinkle shell alone. The optimum time 
for the metal uptake was 70, 80, and 90            
minutes for Co 2+, Cd 2+, and Ni 2+, respectively. 
As such, it can be inferred that periwinkle shells 
can be blended with coconut husk and palm 
kernel shell for the removal of Co 2+, Ni 2+, and 
Cd 

2+
 with reasonable efficiency in aqueous 

solutions. Fig 4 shows a typical industrial 
wastewater channel for treated wastewater into a 
river body. 
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Fig. 4. A wastewater channel in an industrial facility 
 
Works on the use of periwinkle shells as bio-
filters for wastewater treatment are scarce and 
almost non-existent in the open literature. 
However, Uzukwu et al. [116] investigated the 
economics of using periwinkle shell bio-filters 
against commercial bio-filters. In their work, two 
separate 3m

3
 tanks were set up for catfish 

reticulating aquaculture systems. The tanks 
consisted of a vertical flow trickling periwinkle 
shell bio-filters and commercial bio-filters, 
respectively. Each tank was stocked with 400 
juveniles / m

3
. Fish growth was monitored at a 

four-week interval, while water quality was 
monitored daily. Based on net present value, 
profitability index, and pay-out time, it was found 
that using periwinkle shell bio-filters was cheaper 
compared to using commercial bio-filters. 
However, the efficiency of the periwinkle shell 
bio-filter was not reported. Consequently, 
periwinkle shells utilization as bio-filters in 
wastewater treatment, town water purification, 
and aquaculture should be further investigated. 
 
4.3 Fluid Loss Additive in Drilling Fluids 
 
Drilling mud often referred to as drilling fluid, 
refers to a viscous fluid mixture used in the oil 
and gas well construction to help lift drilled 
formation cuttings from the hole section to the 
surface. It also assists in the cooling and 
lubrication of the drilling bits. Other significant 
functions of the drilling mud are helping to control 
formation pressures, stabilize the well, prevent it 
from collapsing, and prevent formation materials 
from entering the well [117]. The drilling mud 

comprises various additives which help in the 
efficient construction of the oil and gas well. 
Among these additives is the fluid loss additives 
or loss circulation materials. Fluid loss additives 
are materials in the drilling fluid which helps in 
minimizing the rate of fluid loss into the 
formation, thereby enhancing filtration control 
[118]. To improve the filtration control efficiency 
of the drilling mud, fibrous, flaky, or granular 
materials have been proposed as fluid loss 
additives in plugging the pores, thereby 
minimizing fluid loss. Consequently, various 
materials like starch, guar gum, polysaccharides, 
acrylic polymers are common fluid loss additives 
used in the oil and gas industry. Recent research 
has investigated the use of materials like the 
amphoteric polymer [119], silicon nanoparticles 
from sugar cane bagasse [120], and 
environmentally friendly corn cobs and coconut 
shells [121] as suitable fluid loss additives in 
drilling mud. However, reports on the use of 
waste shells as fluid loss additives are limited in 
the literature. 
 
In the light of this, Igwe and Kinate [122] 
investigated the use of a different species of 
periwinkle shells (Littorina littorea) as fluid loss 
control additive in water-based drilling mud. The 
washed and dried shells were calcined at 995

o
C 

in an electric muffle furnace and then re-dried 
and ground into fine particles to form the 
periwinkle shell ash. Varying mass of the 
periwinkle ash (2g, 2.5g, and 3g) was used in 
preparing three mud samples, with a control mud 
sample without the periwinkle shell ash as the 
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benchmark. According to API RP 13B-1 standard 
[123], a static filtration test was performed with 
the mud samples for 30 minutes. Filtration 
control properties like the filtrate volume and 
filtrate cake thickness were investigated. It was 
found that the mud formulated with 2g of 
periwinkle shell ash had a minimum filtrate 
volume of 6.7ml and a minimum filter cake 
thickness of 0.75mm. These results indicate that 
periwinkle shell ash could be used as fluid loss 
additives in drilling fluid formulation. However, 
the application needs further investigation and 
scale-up. Other waste shell materials should be 
investigated as fluid loss control additives in the 
formation of drilling fluids for oil and gas wells. 
 

4.4 Polymer Composites 
 
Composites have gained wider acceptance in 
almost all human endeavors, including 
engineering, aerospace, medical equipment, 
sporting goods, marine applications, wind 
energy, electronics, and chemical protection 
equipment [124,125] due to their numerous 
advantages. They synergize the properties of 
constituent materials to form a single reinforced 
material more useful structurally or functionally 
than any of the constituents alone. A composite 
is any material made up of at least two or more 
distinct phases, namely, matrix and dispersed. 
The matrix phase is the primary continuous 
phase, while the dispersed phase is the 
reinforcing phase.  
 
Polymer matrix composites are very popular; 
hence they are the most used commercial 
composites. This is due to their relatively low 
cost and simple fabrication methods, among 
other advantages [126]. Consequently, they have 
increasingly been used as an alternative to 
conventional materials like metals in many 
industrial applications. The matrix phase is 
usually a polymer or resin made up of polyester, 
vinyl ester, epoxy, phenolic, polyimide, 
polyamide, or polypropylene. The reinforcement 
phase can include carbon fibers, glass, silica 
fillers, or other suitable materials. The suitability 
of low-cost waste shells as a reinforcement 
phase in polymer composites has been 
investigated and reported in the open literature 
[63, 127-129].  Studies on the effects of CaO on 
the properties of polymer composites have been 
conducted and reported in the literature [130, 
131].   Hence, cheap, biodegradable, and 
lightweight waste shells are becoming better 
alternative sources of CaO than their inorganic 
counterparts [132 –135]. In this regard, some 

studies, though limited, have been conducted to 
ascertain the suitability of periwinkle shells as a 
reinforcement phase in the production of various 
composite materials.  
 

In one study, Onuoha [136] investigated the 
tribologicalbehavior of periwinkle shell ash and 
recycled polypropylene composites. The 
composites were made with the injection molding 
technique. They contained 100g of virgin 
polypropylene, 100g of recycled polypropylene, 
and 5, 10, 15, 20, and 25 wt% respectively of 
periwinkle shell ash as fillers.  The wear 
resistance, impact strength, and fatigue strength 
properties of the composites were investigated 
using the standard test methods of ASTM 
D4060, ASTM D256, and ASTM D671, 
respectively. The study revealed that while the 
composites' wear resistance and fatigue strength 
improved consistently with an increasing 
percentage of periwinkle shell powder filler, there 
was a decrease in the impact strength. 
 

Furthermore, Onuoha et al. [75] investigated the 
physical and morphological properties of the 
periwinkle shell-filled recycled polypropylene 
composites. The study examined the specific 
gravity, water absorption tendency, flame 
retardant property, and solvent sorption 
properties of the developed composites. It was 
found that the specific gravity of the composite 
increased with the filler loading due to the higher 
density of the periwinkle shells and the enhanced 
dispersion of finer particle sizes. Also, the water 
and solvent sorption abilities of the composites 
increased with the filler loading. The flame 
retarding characteristics of the composites 
decreased with an increase in the filler loadings. 
According to the authors, these results give 
credence that the periwinkle shell can be used as 
fillers to produce good quality recycled 
polypropylene composites. However, these 
studies are limited and require further 
investigations. 
 

Particleboard, a viable alternative to plywood, is 
primarily used in buildings, furniture, and 
speakers (for sound deadening. Environmental 
concerns, wood shortages, and the low cost of 
non-wood materials have led to natural fibers 
and other non-wood materials for particleboard 
production in recent times [137]. Hence 
particleboards have been developed from 
composites of polystyrene and bamboo waste 
[138], sunflower stalks using urea-formaldehyde 
resin [139], corn husks and citric acids [140], 
stems of the cotton plant, and bone adhesives 
[141], kenaf (Hibiscus cannabinus L.) stalks 
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[142], wheat straw and corn pith [143] and 
lignocellulosic particles of (Prosopis cineraria L.) 
Druce [144]. However, studies on the use of 
periwinkle shells for particleboard production are 
limited.  
 
In their work Abdullahi and Sara, [145] 
investigated the suitability of a periwinkle shell 
polymer composite for particleboard 
manufacture. The composites were developed 
with periwinkle shell ash as the reinforcement, 
and recycled polyethylene from pure water 
sachets, as the matrix using the compression 
molding method. In the study, periwinkle shell 
ash weights of 5 to 25 wt%, was investigated. To 
determine the composite composition with the 
best quality, composite properties like water 
absorption, density, modulus of rupture (MOR), 
thickness swelling, modulus of elasticity (MOE), 
ultimate tensile strength (UTS), percentage 
elongation (EI), and tensile modulus (E), were 
determined. It was found that the mechanical 
properties of the produced polyethylene 
composites were enhanced up to 10 wt% of 
periwinkle shell ash filler loading. Also, the 
developed polyethylene composites were 
suitable for use in particleboard production as 
their MOR satisfied the EN 312-2 minimum MOR 
requirements for general-purpose boards. 
However, more studies are required to establish 
the suitability of periwinkle shells and other waste 
shells for particleboard production. 
 
Polymer matrix composites developed with the 
periwinkle shell have been reported to be 
effective abrasives. Abrasives are materials used 
for processing other materials to finished or 
polished shapes by rubbing or grinding on them 
to gain a smooth surface. They are used to wear 
away the surfaces of other less resistant 
materials. They are cutting tools characterized by 
high hardness, sharp edges, and good cutting 
ability [146]. The use of abrasive materials has 
aided the manufacturing industry to produce 
components with exact geometry and ultra-
smooth surfaces required in automobiles, 
furniture, domestic appliances, industrial 
equipment, aerodynamic and hydrodynamic 
vehicles, mechanical and electrical appliances, 
and machine tools. The use of low-cost yet 
efficient abrasive materials made from locally 
sourced materials has been investigated and 
reported in the open literature. In one such study, 
Wai and Lily [147] developed sandpaper 
abrasive using silicon sand (quartz) as the 
abrasive grit and epoxy resins as binders. The 
efficiency of the abrasive sandpaper was 

consistent with the properties of commercial 
sandpapers, and the manufacturing of the 
developed abrasive sandpaper was 
recommended.   
 
In a similar study, Obot et al. [148] developed 
sandpaper using periwinkle shell grains as the 
abrasive grits and polyester resin as the binder. 
The sandpaper abrasive was made up of 
periwinkle shell grain, polyester resin, cobalt 
naphthalene accelerator, and methyl ethyl ketone 
peroxide catalyst in different percentage 
compositions. The periwinkle shells were ball 
milled using the FEPA grits standards and the 
ASTM E11 sieving techniques into P40, P60, and 
P140 grit sizes and then developed into polymer 
matrix composites. To ascertain the 
effectiveness of the developed sandpaper, 
abrasive properties like hardness, compressive 
strength, and wear resistance, were investigated. 
It was found that while hardness and 
compressive strength increased, wear resistance 
decreased with an increase in the polyester resin 
content. The optimum composition for the most 
improved abrasive properties was found to be 87 
wt. % periwinkle shell grains, 12 wt. % polyester 
resin, 0.5 wt. % cobalt naphthalene accelerator, 
and 0.5 wt. % methyl ethyl ketone peroxide 
catalyst. Furthermore, the scanning electron 
microscope (SEM) images showed good 
interfacial bonding between the periwinkle shell 
grains and the polyester resin, with less distortion 
from compressive stresses and less grain pull-
out from wear, for the optimum composition. 
These results show that periwinkle shells could 
be effective when used to produce polyester 
matrix composite abrasives. 
 

4.5 Bio-medical Applications 
 
In orthopedic medicine, biomaterials are often 
used to make prosthetic devices to replace 
bones and bone fillers in the human body. 
However, these biomaterials must be compatible 
with the environment in which it is to be placed 
and must possess good physicomechanical 
properties and thermal stability [149]. Some 
researchers [60, 150, 151] have reported that 
CaCO3 chitin materials from waste shells can be 
used to produce the compound calcium 
phosphate (hydroxyapatite, Ca10 (PO4)6(OH) 2), 
which is the primary mineral constituent of 
human bones. They also found that calcium 
phosphate (hydroxyapatite, Ca10 (PO4)6(OH) 2) 
was compatible with the human body, and as 
such, can be used to make artificial bones or 
used as bone fillers in bone engineering.   



 
 
 
 

Aimikhe and Lekia; CJAST, 40(18): 31-58, 2021; Article no.CJAST.71866 
 
 

 
43 

 

Periwinkle shells and other waste shells contain 
chitin [10, 11, 152]. Chitin is a polymer consisting 
of N-acetylglucosamine subunits joined 
by covalent β-(1→4)-linkages. It is structurally 
like cellulose and functionally similar to the 
protein keratin. It exists naturally in the 
exoskeletons of arthropods, mollusk shells, and 
fish scales.  Chitin is the second most abundant 
biopolymer, after cellulose, and can be used in 
food preservation, medicine, paper 
manufacturing, and fillers in numerous bio-
polymer composite materials [153, 154]. 
 
In their study to extract good quality chitin from 
periwinkle shells, as bio-fillers in bone fixation 
materials, Gbenebor et al. [155] demineralized 
the shells at 32oC by soaking 100 g of the 
samples in 1.5, 1.7, and 1.9M  HCl, respectively. 
The demineralized samples were washed with 
distilled water to a pH of 7, filtered, and oven-
dried at 70 

o
C for 4 hours to constant weights. 

The samples were then deproteinized by heating 
in 0.4, 0.8, and 1.2M NaOH solutions at 100

o
C 

for 1 hour and subsequently soaked in new sets 
of the same NaOH concentrations for another 18 
hours for effective protein removal. The 
deproteinizedsamples were depigmented and 
bleached by soaking them in a 1M H2O2 solution 
at 32

o
C for 24 hours. Successful extraction of 

CaCO3 from the periwinkle shells was achieved, 
and the resulting chitin extracted was found to be 
of good quality. The successful removal of 
CaCO3 and the subsequent extraction of high-
grade chitin was confirmed from the images of 
the scanning electron microscope (SEM) with 
energy dispersive X-ray (EDS). The absence of 
CaCO3 and the predominance of carbon and 
hydrogen contents indicated in the EDS image of 
the demineralized (acid-treated) sample showed 
the presence of a chitin structure. Furthermore, 
the fibrillar structure in the extracted chitin was 
attributed to the presence of a high OH bond, 
which is a fundamental characteristic indicative 
of high-grade chitin [155]. These results, 
therefore, indicate the possibility of extracting 
high-grade chitin from periwinkle shells for 
numerous industrial applications. However, the 
amount of chitin extracted from a specific mass 
of periwinkle shells was not reported and hence, 
should be further investigated. 
 
4.6 Development of Asbestos-free 

Brakepads 
 
The importance of brakepads in industrial 
machines, especially automobiles, cannot be 
overemphasized. It is responsible for slowing 

down and ultimately bringing a moving object to 
a stop by converting kinetic energy to heat 
energy through the pads and disc friction.  
Brakepads are made up of steel plates with an 
attached binding friction material [156], usually 
made up of varying compositions of abrasives, 
lubricants, binders, fillers, and performance 
modifiers.  During the early brakepads 
development era, asbestos, a hydrated 
magnesium silicate [157], was primarily used as 
fillers due to its numerous advantages. These 
advantages resulted in the continuous use of 
asbestos in the development of brakepads. 
However, asbestos dust emanating from the 
grinding of the brakepads on the disc drums is 
carcinogenic [156, 158, 159], making the 
continuous use of asbestos brakepads a public 
health concern. Consequently, various studies 
and investigations on developing asbestos-free 
brakepads using other cost-effective and 
environmentally friendly materials are becoming 
more rampant.  Alternative materials such as 
sugar cane bagasse [156], palm kernel shell 
[158], rice straw and rice husk dust [160], waste 
coconut shells [161], and coconut fiber [162], 
have been successfully used as a viable 
replacement for asbestos in brakepad 
development. 
 
Using periwinkle shells to replace asbestos is 
effective compared to commercial asbestos 
brakepads [163]. In one such study, Aku et al. 
[164] investigated the suitability of periwinkle 
shells for brakepad development. The X-ray 
diffractometer and thermogravimetric analysis 
were used for the characterization of the shells. 
The tribological properties of the shells, like 
density, hardness, and wear rates, were 
measured. It was found that periwinkle shells can 
be used as replacements for asbestos in 
brakepad development. Furthermore, Amaren et 
al. [165] investigated the effect of periwinkle shell 
particle sizes on the wear behavior of the 
asbestos-free brakepad using phenolic resin as 
the binder. The pin on disk machine method was 
used to determine the wear rate by varying the 
sliding speed, temperature, and applied load 
while varying the periwinkle shell sizes from 125 
to 710 µm. It was found that while the optimum 
periwinkle particle size for best wear resistance 
was 125 µm, the wear rate increased with 
increasing sliding speed, applied load, 
temperature, and periwinkle shell particle size. 
The coefficient of friction was found to be within 
acceptable recommended standards for 
automobile brakepads, indicating that periwinkle 
shell particles could effectively be used as a 



 
 
 
 

Aimikhe and Lekia; CJAST, 40(18): 31-58, 2021; Article no.CJAST.71866 
 
 

 
44 

 

replacement for asbestos in brakepad 
development.  
 

In a similar study, Yawas et al. [166] investigated 
the morphology and properties of brakepads 
made from periwinkle shells and 35% resin. The 
study was done to ascertain the suitability of the 
periwinkle shell particles as a replacement for 
asbestos in brakepads manufacture. Periwinkle 
particle sizes varied from 710 to 125 µm, and the 
physical, mechanical, and tribological properties 
of the different particle size brakepad were 
measured. It was found that the compressive 
strength, density, and hardness of the 
brakepads, increased with decreasing periwinkle 
particle sizes from 710 to 125 µm, while the oil 
soak, wear rate, and water soak decreased with 
decreasing particle sizes. The brakepads 
developed with 125 µm particle size compared to 
commercial asbestos brakepads. This indicates 
that a 125 µm periwinkle shell particle size is a 
suitable replacement for asbestos in brakepad 
manufacture. 
 

5. PERSPECTIVES FOR FUTURE 
STUDIES 

 

Reported investigations on using periwinkle 
shells to improve the geotechnical properties of 
waterlogged and lateritic soils, to develop 
composites (particleboard, abrasives, bio-fillers 
in orthopedic medicine), and to formulate fluid 
loss control additives in drilling mud, are very 
limited in the published literature. These limited 
studies call for further investigation. These 
investigations are imperative because the source 
and content of CaCO3 from different shells could 
strongly influence the performance and 
properties of the shell-derived products [70].  
Other potential areas of application of the 
periwinkle shell that require further investigation 
are presented. 
 

5.1 Concrete, Ceramics and Synthetic 
Stones 

  

One central area of application of periwinkle 
shells that has shown some success is the 
building material and construction industry.  To 
some extent, periwinkle shells have been used 
as aggregates and partial replacements for 
cement in lightweight concrete. However, limited 
research exists on using periwinkle shells to 
replace cement mortar for masonry and 
plastering. 
 
Recently, studies have shown that waste shells 
can be deployed to manufacture ceramics such 
as tiles and mugs. The fine powder form of the 

shells is bio-ceramic [167]. In one study, Silva et 
al. [64] developed synthetic stones from waste 
oyster shell powder and polymeric resins for 
tabletop and workbench surfaces. The 
mechanical and physical properties of the 
manufactured synthetic stones were relatively 
similar to those of commercial marble and granite 
stones. The development of ceramic and 
synthetic stones was studied using only oyster 
shells. Also, Hao et al. [65] successfully 
developed ceramic-like materials using oyster 
shells and concluded that waste shells have 
great potential as materials for ceramic 
production. Studies on periwinkle shells and 
other waste shells for producing synthetic stones 
and ceramic mugs and tiles are rare. Using 
waste shells as a complete or partial 
replacement for conventional ceramic and 
artificial stone raw materials could be a viable 
strategy for proper waste management, 
environmental sustainability, and wealth creation. 
Consequently, further studies should be 
conducted using periwinkle shells to produce 
synthetic stones, ceramic tiles, and mugs for 
various applications. 
 

5.2 Wastewater Treatment and Noxious 
Gas Capture  

 
Waste shells have been used for the removal of 
heavy metals from wastewater effluents. In some 
of the studies, waste shells were shown to be 
more efficient in removing lanthanum [22], 
phosphorous [168], and boron [169] from 
wastewater compared to broken bricks, gravel, 
and zeolite. They are also effective in dye 
treatment and color removal [33, 34, 170] and for 
domestic and municipal wastewater treatment 
[29, 30, 171].  In many of these studies, only 
oyster and clam shells were used as the bio-filter 
medium. Waste shells have also been used as a 
liming agent in acidic soil treatment due to their 
high amount of CaCO3 [172]. In this regard, 
mussel and oyster shells have shown significant 
efficiency in the bioremediation of contaminated 
soils [58, 173]. The use of periwinkle shellsto 
treat wastewater effluents is limited. Only metals 
like lead, copper, cadmium, nickel, and cobalt 
removal from wastewater have been investigated 
in very limited studies.  Its use in removing 
phosphates and phosphorous, boron, and other 
numerous heavy and poisonous metals found in 
wastewater is minimal and nearly non –existent 
in the open literature. Also, studies on periwinkle 
shells as bio-filters for wastewater treatment, 
liming, and bioremediation agents in 
contaminated soils are scarce. Consequently, 
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further investigation of periwinkle shells for 
wastewater treatment and bioremediation of 
contaminated soils is imperative.  
 

Poisonous gaseous emissions resulting from 
industrialization and other economic activities 
usually result in severe air pollution, which 
constitutes environmental hazards detrimental to 
humans, plants, and animals [174]. Some of 
these emissions dissolve in rainwater in the 
atmosphere to form acid rain, which in turn falls 
back to the earth, contaminating the soil, plants, 
water bodies [175], and corroding roofing sheets 
and other materials. For instance, in the Niger 
Delta region of Nigeria, one of the major sources 
of air pollution is the continuous gas flaring and 
gaseous emissions emanating from artisanal oil 

refining. The release of these hydrocarbon 
effluents into the environment cause severe 
damage to both land and marine ecosystem 
[176-178]. Figs 5 to 7 show the impact of air 
pollution due to artisanal oil refining and gas 
flaring in parts of Port Harcourt metropolis, 
Nigeria. Fig 5 shows some parts of Port Harcourt 
city's poor visibility due to the gaseous emissions 
and soot. Fig 6 shows the effect of pollution over 
two months on mosquito-treated nets used 
indoors in Port Harcourt city compared to a 
treated net used in a location in Jos town, 
Nigeria, where pollution is less severe. Fig 7 
compares clean water and wastewater from 
indoor domestic cleaning in Port Harcourt 
metropolis. 

 

 
 

Fig. 5. Poor visibility due to severe air pollution in parts of Port Harcourt metropolis 
 

 
 

Fig. 6. Effect of pollution on indoor mosquito treated nets in Jos town (a) and parts of Port 
Harcourt metropolis (b). 
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Fig. 7. Comparison between clean water and waste water from indoor domestic cleaning in 
Port Harcourt 

 
Green adsorbents for capturing poisonous gases 
are beginning to gain wider acceptance [179 – 
181] due mainly to their environmental 
compatibility. In this regard, waste shells have 
been deployed as adsorbents for odorous and 
acid gas conditioning [43, 182]. Waste shell 
materials as alternative materials for gas 
conditioning are economical and vital for waste 
management and reuse. In this regard, Jong-
Hyeon et al. [43] showed that waste shells, 
particularly oyster shells, can be used for acid 
gas treatment in gaseous effluents. In similar 
studies, quail eggs and oyster shells [183], 
chicken eggshells [184], and oyster shells [185], 
have been used to adsorb carbon IV oxide from 
flue gases successfully. The successful removal 
of CO2 can be attributed to the presence of CaO 
in the shells, which tends to adsorb acid gases. 
However, there are limited studies on waste shell 
utilization as acid and odorous gas treatment 
agents in the literature. Studies using periwinkle 
shells as adsorbents for capturing acid and 
odorous gases from gaseous effluents are 
scarce, if not non-existent, in the available 
literature. Consequently, studies on the use of 
periwinkle shells as adsorbents for sequestering 
odorous and acid gases should be further 
investigated. 
 

5.3 Heterogeneous Catalysts 
 
Calcium oxide (CaO) derived catalyst has 
become a leading area of catalyst research for 
bio-diesel production through the trans-
esterification process [44 - 46]. Biodiesel 
production has gained considerable attention due 
to the negative environmental consequences of 
using conventional diesel from fossil fuels. As a 
result, researchers are exploring the use of 

waste shells that contain a high percentage of 
CaCO3, from which CaO can be obtained by 
calcination of the CaCO3 at high temperatures of 
between 700 – 1000 

o
C [186 – 188]. Snail [47, 

189] mussel, scallop, cockle, oyster, and 
pyramidella [48, 49] shells,  have mainly been 
investigated as CaO derived catalyst materials 
for biodiesel production, with adequate biodiesel 
yields of more than 90% at considerable 
operating conditions. CaO has also been found 
to be an effective catalyst in the production of 
hydrogen gas. In one study, Assabumrungart et 
al. [190] investigated the thermodynamics of the 
production of hydrogen gas from biogas using 
CaO catalyst. The thermodynamics of hydrogen 
production was found to be favorable. 
 
Consequently, CaO has been used successfully 
in the catalytic gasification of biomass and coal 
to produce hydrogen gas [191]. Also, Taufiq – 
Yap et al. [51] used eggshells in the catalytic 
gasification of wood to produce hydrogen gas. 
Reported investigations on the use of periwinkle 
shells as a heterogeneous catalyst for biodiesel 
and hydrogen production in the open literature 
rarely exist. The utilization of these waste shells 
as a catalyst will aid waste recycling and 
management. Hence further investigations on its 
use as a catalyst for hydrogen gas and biodiesel 
production are required. 
 

5.4 Calcium Supplements  
 
Calcium supplements are an integral part of 
livestock and poultry bone and eggshell 
development [192]. In most cases, CaCO3 from 
finite non-renewable limestone resources is used 
as a calcium supplement. Studies have validated 
the use of potentially cheap CaCO3 from waste 
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shells as a calcium supplement. Consequently, 
oyster shells are a valuable source of more 
affordable calcium supplements [53]. 
Accordingly, Oso et al. [54] found that using 
oyster and mussel shells as a calcium 
supplement in poultry was effective. However, 
studies on the use of periwinkle shells as calcium 
supplements for poultry and livestock egg and 
bone development rarely exist in the literature, 
and as such, needs further investigation.  
 

5.5 Gravel Packs, Fluid Proppants and 
Molecular Sieves  

 

The compositional analysis of periwinkle shells 
shows that they contain mainly CaO and SiO2, 
followed by Fe2O3 and Al2O3,in significant 
quantities when calcined at 800 

o
C and above. 

Silicon, iron, and aluminum can provide some 
mechanical strength and resilience to the 
periwinkle shell. The strength and resilience of 
the shells can make them suitable replacements 
for gravel packs in oil and gas wells and fluid 
proppants for hydraulic fracking in low 
permeability reservoirs. Gravel packs are 
granular media made up of clean, round natural 
sand, gravel, or synthetic material held in place 
by screens inside the well [193].  Periwinkle 
shells can be investigated for use as a partial or 
complete replacement of gravel packs (made 
from finite non-renewable materials) for sand 
prevention and exclusion in oil and gas wells. 
Furthermore, the application of the shells as 
replacements for conventional fluid proppants, 
mostly made of sand and ceramic materials [194] 
for the hydraulic fracking of low permeability 
formations, can be further investigated.  
 

Also, molecular sieves used for gas conditioning 
(dehydration and sweetening) are made of 
zeolites mainly consisting of alumino-silicate 
compounds [195 ]. Periwinkle shells contain 
good proportions of silicon and aluminum 
compounds. Therefore, they should be 
investigated for use as a partial or complete 
replacement for zeolite in packed bed columns 
for natural gas conditioning and biogas 
upgrading. 
 

6. CONCLUSION 
 

The waste generated by periwinkle shells can 
result in a substantial environmental problem 
resulting in severe sanitation and public concern 
if not properly disposed. This review has 
highlighted the environmental concerns 
associated with the indiscriminate disposal of the 
periwinkle shells and the various reuse options 
for the shells. These varieties of periwinkle shell 

applications will contribute to wealth creation and 
reduce the negative environmental 
consequences associated with its indiscriminate 
disposal. The conclusions from this study are 
highlighted as follows. 
 

1. A periwinkle shell ash replacement of not 
more than 10% is effective as a partial 
replacement for cement in lightweight 
concrete. 

2. When used as aggregates in lightweight 
concrete, periwinkle shells of up to 25% is 
adequate based on compressive strength. 

3. Further studies on the efficiency of an 
optimum 6% periwinkle shell to improve 
the geotechnical properties of lateritic soils 
should be further investigated. 

4. Periwinkle shell ash is effective for the 
removal of heavy metals from wastewater. 
Composites of periwinkle shell ash, rice, 
and coconut husks, are more effective than 
periwinkle shell ash alone. 

5. An optimum periwinkle grain size of 125µm 
is an adequate replacement for asbestos in 
brakepads production. 

6. Good quality chitin can be extracted from 
periwinkle shells. 

7. Periwinkle shell grains of up to 87% can be 
adequate for producing sandpaper 
abrasives. 

8. Particleboards can be developed from 
periwinkle shells. However, further 
investigation is required. 

9. The development of synthetic stones and 
ceramic mugs, and tiles using periwinkle 
shells should be investigated. 

10. The use of periwinkle shells as 
heterogeneous catalysts for biodiesel and 
hydrogen gas production should be 
investigated. 

11. Studies on using periwinkle shells as a 
fluid loss additive in the formulation of 
drilling mud should be further investigated. 

12. The adequacy of periwinkle shells as 
replacements for gravel packs and fluid 
proppants in oil and gas wells should be 
investigated. 

13. Studies on the development of low-cost 
adsorbents for the adsorption of harmful 
gases using periwinkle shells should be 
carried out. 

14. Using periwinkle shells as replacement for 
molecular sieves for gas conditioning and 
biogas upgrading should be investigated. 

15. The effectiveness of calcium supplements 
derived from periwinkle shells for livestock 
and poultry should be investigated. 
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16. Periwinkle shells should be investigated as 
biofilters for wastewater treatment, soil 
liming, and bioremediation. 
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