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Abstract  Human-caused pollution creates instability 

in ecosystems, with heavy metal discharge having serious 

consequences for species’ survival. The objective of this 

study was to analyze the degree of copper (Cu) 

contamination in Cerithidea Obtusa (C.Obtusa) and 

surface sediments across ten distinct sites along Malaysia's 

west coast. The study utilized Atomic Absorption 

Spectrometer (AAS) to analyze Cu concentrations in both 

samples, using blank samples and standard reference 

materials for calibration and quality control. The use of 

AAS as a method for analyzing Cu concentrations in 

environmental samples proved to be an effective approach 

in this study. The results of the study showed that 

enrichment factor values for the sediments ranged from 

0.18 to 1.83, while the biota sediment accumulation factor 

(BSAF) for tissues varied between 2.0 and 22.29. 

Remarkably, the study found that the concentration of Cu 

in the tissues was significantly higher than that in the 

sediments. The study's findings suggest that the 

accumulation of Cu in C. Obtusa and sediments may have 

detrimental effects on the health of the mangrove 

ecosystem. Overall, the research contributes to the 

understanding of the impact of Cu contamination on the 

environment and highlights the importance of monitoring 

metal concentrations in ecosystems to ensure their long-

term health. 

Keywords  Copper (Cu), Enrichment, Pollution, 

Mangrove, C. Obtusa 

1. Introduction

The health of ecosystems is prone to constant 

fluctuations due to human-caused pollution, making it a 

highly unstable system. This pollution can have serious 

consequences for the survival of species on earth, 

especially as it relates to heavy metal discharge from 

industries. Over time, these discharges have significantly 

altered the natural condition of ecosystems, affecting both 

the dissolved and particulate matter within them [1]. The 

growing concern over heavy metal pollution in ecosystems 

has garnered the attention of many researchers in recent 

years, as they work to understand the impact and find 

solutions to mitigate its effects [2,3]. 

Increased heavy metal concentrations caused by human 

activities are the main cause of anthropogenic pollution in 

Malaysia, which indirectly contaminates organisms in the 

ecosystem [4,5]. Most studies on heavy metals have 

primarily focused on the west coast of Peninsular Malaysia, 

which is a region with concentrated economic growth, high 

human populations, and intensive agriculture. This area is 

particularly vulnerable to heavy metal pollution and 

bioaccumulation, highlighting the need for increased 

monitoring and understanding of the impact of heavy metal 

levels in Malaysia's coastal regions. Failure to address this 

issue could have significant implications for the ecosystem 
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and the health of the population [6]. 

Many heavy metals, including copper, are considered 

toxic elements. Copper (Cu) is a naturally occurring 

element, found in nature as a native or almost pure form. 

The atomic number of Cu is 29 and the mass number of the 

most common isotope of Cu, which is Cu - 63, is 63.546 

atomic mass units (amu). The density of copper at room 

temperature (25°C) is about 8.96 g/cm³. The melting point 

of Cu is 1,085°C (1,984°F), and its boiling point is 2,562°C 

(4,644°F). Cu is classified as a transition metal in group 11 

of the periodic table [7]. While Cu is an essential element 

in human metabolism, existing in several enzymes, high 

levels of Cu can be harmful, causing symptoms such as 

irritation, vomiting, diarrhea, stomach cramps, and even 

death. On the other hand, copper is also a vital 

micronutrient for many aquatic species, needed for 

successful growth and development. Although Cu is 

necessary for human and animal health at low levels, high 

levels can become toxic and harmful. The high 

concentrations of Cu in polluted aquatic systems can have 

adverse effects on aquatic life, and may even biomagnify 

in the food chain, posing a significant risk to predators, 

including humans as consumers [8,9]. 

There are various ways to evaluate environmental 

pollution, and bivalves are commonly used as bioindicators 

in Malaysia. According to the Department of Fisheries 

(2005), there are 27 bivalve species in the coastal areas of 

Malaysia [10]. One approach for evaluating pollution 

levels in coastal regions is to use bioindicators. In previous 

studies, various species such as Anadara granosa, 

Scpharca broughtonii, Perna viridis, Donax faba, 

Polymesoda erosa, and Trisidos kiyonoi (a type of 

gastropod) have been employed as bioindicators [11]. 

Metal pollution in aquatic environments is a growing 

concern due to its potential negative impact on aquatic 

organisms and human health. To assess the extent of metal 

contamination in such environments, bioindicators such as 

C. Obtusa have been employed as an effective tool. The 

present study aims to utilize C. Obtusa as a bioindicator to 

estimate the proportion of selected metals in living 

organisms and their associated sediment. Additionally, the 

study will also explore the level of elemental pollution by 

calculating the enrichment factor. The outcomes of this 

research will provide a better understanding of metal 

pollution in aquatic environments and can aid in the 

development of effective strategies for its management and 

remediation. The sediment quality information gathered in 

the study will be assessed against the sediment guidelines 

proposed by the Environmental Protection Agency (EPA) 

[12]. Furthermore, the concentration of Cu in C. Obtusa 

tissues will be compared with the permissible limit set by 

the Malaysia Food Act 1985 [13]. Given the various types 

and levels of exposure, it is expected that this gastropod 

will accumulate a higher amount of Cu, which could 

potentially harm the snail itself and predators in the food 

chain [14]. 

2. Materials and Methods

The mangrove areas along the west coast of Peninsular 

Malaysia were chosen as the site of the study due to their 

proximity to various sources of pollution. The study 

covered an area from latitude N 05o20'24.7" to N 01o15'58" 

and longitude E 100o24'25.2" to E 103o30'39" and included 

ten different locations, each with its own unique exposure 

to pollutants from agriculture, aquaculture, industrial 

development, tourism, shipping ports, and hydroelectric 

power plants. Sampling was conducted in 2011, with the 

sampling sequence of S1 to S10 based on the order of 

sampling. The ten sampling stations can be identified as S1 

to S10. S1 is located in Tok Muda, Kapar, Selangor, and is 

a residential area that also features a hydroelectric power 

plant. S2, located in Sungai Sepang Besar, Selangor, is also 

a residential area, but is located near an intertidal area. S3 

is situated in Sungai Pasir Gudang, Johor, and is also a 

residential area, but has shipping and intertidal areas nearby. 

S4, located in Kuala Gula, Perak, is a fishing village and 

tourism spot that features fish cages and shrimp ponds. S5 

is located in Juru, Penang, and is a fishing village that is 

also near industrial and residential areas. S6, located in 

Kampung Panchor, Pantai Remis, Perak, is another fishing 

village and tourism spot that features fish cages and shrimp 

ponds. S7 is situated in Sungai Kim Kim, Johor, and is a 

residential area with nearby shipping and intertidal areas. 

S8, located in Lukut, Port Dickson, Negeri Sembilan, is a 

residential area that also has shipping and intertidal areas 

nearby. S9, located in Pulau Kukup, Johor, is a residential 

area that features fish cages and shrimp ponds in the 

shipment area. Finally, S10 is located in Johor Tanjung Pia 

and is a residential area near shipping areas and tourism 

spots. 
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Figure 1.  Sampling station, S1 – S10 

The purpose of the study was to determine the 

distribution and concentrations of Cu in the mangrove areas, 

and to assess the level of elemental pollution. To 

investigate the potential correlation between surface 

sediment and snail tissues in the mangrove ecosystem, sub-

surface sediment weighing approximately 0.5 kg was 

gathered from various sectors at each station using a clean 

plastic spoon at a depth of approximately 5.0 cm [14]. In 

order to prevent contamination, the surface sediments and 

tissues of each sample were stored in clean polyethylene 

plastic bags and kept in an icebox to maintain their 

temperature. To achieve a consistent dry weight and 

eliminate any moisture content, the surface sediments and 

tissues from each location were dried at 80°C in an oven 

for at least 72 hours. The dried samples were then 

pulverized using a glass mortar and sieved through a mesh 

with a particle size not exceeding 200 µm. The samples 

were stored in polyethylene pillboxes. For this research, 45 

adult snails of a commercially accepted size (height of adult 

C. Obtusa can range from 2-4 cm, with some individuals 

growing up to 6 cm) were obtained to avoid disparities in 

metal content attributable to size or reproductive stage. The 

snail samples were washed with clean water to eliminate 

any adhering mud and thawed at room temperature in a 

labeled clean polyethylene bag corresponding to the 

collection location. The soft tissues were extracted, and the 

shell was cautiously crushed without harming the soft 

tissues [15-18]. 



508 Assessing Copper Pollution Levels in the Sediment and Soft Tissue of Cerithidea obtusa (C. Obtusa), Malaysia  

 

In order to avoid any potential contamination, all 

glassware and plastic containers were acid-washed with  

10% concentrated Nitric Acid, HNO3 (AnalaR grade; BDH 

69%) during collection, transportation, and laboratory 

analysis. To analyze the copper concentration, we prepared 

samples of C. Obtusa tissues, sediment, standards, and 

blanks. We used a combination of AnalaR-grade HNO3   

(69% BDH) and HClO4 (60% BDH) at a 4:1 ratio to digest 

the dried and powdered samples (approximately 1g). For 

the tissues, sediment, standards, and blanks, we digested 

them using a hot block digester and digestion tube. The 

digestion process started at a low temperature (40°C) for 

one hour, then continued at a high temperature (140°C) for 

at least three hours [17-18]. After digestion, we filtered the 

resulting solution through a Whatman TM No. 1 filter 

paper Cat No 1001 090 (diameter: 90 mm). Then, we 

diluted it with 40 mL of double-distilled water and 

transferred it to a clean and dried polyethylene container 

that had been washed with acid. Finally, we used a Perkin 

Elmer Model AAnalyst 800 air-acetylene Flame Furnace 

Atomic Absorption Spectrophotometer (AAS) to analyze 

the copper concentration, with triplicate analyses for all 

samples [17-18]. A multi-level calibration standard was 

used to generate calibration curves for the analysis of 

copper using AAS. The detection limit for Cu was found to 

be 0.010. The resulting calibration curves were used to 

calculate sample concentrations. Standard solutions were 

prepared from Merck Titrisol's 1000 mg/L stock solutions. 

To detect copper (Cu) using AAS, a hollow cathode 

lamp that emits light at 324.8 nm (corresponding to the Cu 

resonance line) was used. 

The heavy metal analysis started following the 

preparation of the blank solution, standard solution, and 

sample analysis. For the sediment and soft tissue bivalve 

mollusk, multi-element comparators, Soil – 7, IAEA SL-1 

(Lake Sediment) and SRM 1566b/SRM 2976, were utilized 

to ensure precision. 

Enrichment factor (EF) is a commonly used tool to 

evaluate the level of contamination in sediments by 

anthropogenic sources compared to natural sources. 

Normalization of metal contamination in sediments using 

Fe is frequently employed by researchers, as it is abundant 

in the earth's crust and typically uncontaminated [19]. The 

EF formula used in this study is defined as follows [20]: 

EF = (Ymetal/YFe)/(Ymetal/YFe)background 

Where (Ymetal/YFe) are the concentrations of the metal of 

interest and Fe, respectively, in the sample, and 

(Ymetal/YFe)background represents the background ratio of the 

metal to Fe in the environment [19]. Based on the EF values, 

the extent of enrichment can be determined. EF values 

provide a tool to determine the degree of enrichment. An 

EF value below 1 indicates no enrichment, while values 

between 1 and 3 indicate minor enrichment. Moderate 

enrichment is indicated by EF values ranging from 3 to 5, 

whereas moderately severe enrichment, severe enrichment, 

very severe enrichment, and extremely severe enrichment 

are indicated by values between 5-10, 10-25, 25-50, 

and >50, respectively [21]. These values are crucial in 

assessing potential ecological risks associated with metal 

contamination in sediments. 

To estimate the proportion of metal occurring in living 

organisms and associated sediment for selected metals, the 

following equation [22] was utilized: 

BSAF = Cx / Cs 

where, Cx and Cs represent the mean concentrations of 

the metal in different parts of snails (i.e., tissues and shells) 

and in associated sediment, respectively. Based on the 

resulting BSAF values, snail tissues were classified into 

three categories: macroconcentrators (BSAF>2), 

microconcentrators (1<BSAF<2), or deconcentrators 

(BSAF< 1). 

3. Results and Discussion 

Table 1 displays the analytical outcomes of Cu for the 

certified reference material (CRM) and measured values of 

Soil-7, SL-1, SRM 1566b, and SRM 2976. The AAS 

method's recoveries for the measured and certified values 

are within the acceptable range. Additionally, the 

recoveries for all certified reference materials analyzed 

through the AAS method ranged from 88.6% to 106.9%. 

Table 1.  Analytical results for the certified reference material and 
measured values of Cu (mg/kg, dry weight) 

Standard 

Sample 

CRM 

Values 

Measured 

Values 

Recover

y (%) 

Soil -7 11 ± 2 10.7 ± 3.1 97.0 

SL-1 30 ± 6 26.6 ± 1.5 88.6 

SRM 1566b 71.6 ± 7.2 68.6 ± 3.1 95.9 

SRM 2976 4.02 ± 0.36 4.30 ± 0.19 106.9 
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Figure 2.  Concentrations of Cu in the surface sediment and soft tissues of C.Obtusa 

The mean concentration of Cu in the mangrove surface 

sediment of West Malaysia ranged between 5.70 and 69.45 

mg/kg, with S5 having the highest mean concentration and 

S1 having the lowest, as shown in Figure 2. The mean 

concentration of Cu in our study was 17.64 mg/kg. Our 

findings indicated that the concentration of Cu in this study 

was lower than in other countries. For instance, the Cu 

concentration in Khatib Bongsu River in Singapore was 

found to be 32.0 mg/kg, while Brisbane River in Australia 

showed a concentration of 30.2 mg/kg. Mai Po in Hong 

Kong had the highest concentration of Cu, at 49.8 mg/kg 

[23-25]. However, it was much higher than those found in 

the intertidal sediments on the west coast of Peninsular 

Malaysia (Cu: 0.40-315 μg/g dry weight) [27] and 

mangrove sediment in Malaysia (31.9 mg/kg) [28]. 

Additionally, the Cu ranges in this study were lower than 

those reported for polluted drainage sediments from 

Peninsular Malaysia (Cu: 1019 mg/kg dry weight) [26] and 

higher than those reported for offshore sediments in the 

Straits of Malacca (Cu: 0.25-13.8 μg/g dry weight) [29] and 

the Dumai coast in Indonesia (Cu: 1.61-13.8 μg/g dry 

weight) [30]. Notably, all locations studied had Cu 

concentrations below the maximum permissible value set 

by the United States Environment Protection Agency 

(USEPA) for Cu in river sediments, which is 31.6 mg/kg. 

The average shale value (ASV) is 45 mg/kg, and the 

Toxicity Reference Value (TRV) is 16 mg/kg, except for 

location S5, where the concentration is significantly higher 

[47]. 

The concentrations of Cu in C. Obtusa tissue samples 

were analyzed and found to range from 46.7 to 173.7 mg/kg, 

with most sampling areas showing higher Cu 

concentrations except for S4. The highest Cu concentration 

in tissue was found in S7 (182 mg/kg), while the lowest 

was in S4 (46.7 mg/kg). Interestingly, the study found that 

C. Obtusa tissues accumulated higher levels of Cu than the 

sediment from all sampling sites, as depicted in Figure 2. 

Moreover, the Cu concentration in C. Obtusa tissues from 

this study exceeded those reported in other studies on the 

same gastropods in Malaysia, including Bako, Sarawak 

(107.3 mg/kg), Sematan, Sarawak (108.6 mg/kg), and 

Deralik, Perak (92.8 mg/kg) [31]. 

The higher concentrations of Cu in C.Obtusa tissues can 

be attributed to the essential role of Cu as a metabolic 

constituent of enzymes and a respiratory pigment 

component called haemocyanin for marine mollusks [31]. 

The accumulation of Cu in the tissues was greater than in 

the sediment, and excessive uptake of Cu can lead to lipid 

peroxidation and the formation of DNA adducts [46,48]. 
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Table 2.  EF and BSAF values of copper in the surface mangrove sediment and tissues 

Station S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

Enrichment 

Factor 
0.37 0.46 0.6 0.49 1.83 1.03 0.6 0.81 0.27 0.18 

BSAF of tissues 18.09 8.74 11.59 3.37 2.01 15.75 9.77 9.61 16.43 22.29 

 

Table 2 presents the EF and BSAF values obtained for 

all sampling sites, with Fe serving as the normalizing 

element in the calculation of EF. Except for S5 and S6, 

most sites had EF values lower than 1.0 for Cu, indicating 

a natural origin of the metal. According to Zhang and Liu 

[32], S5 and S6 exceeded the EF value of 1.0, suggesting a 

significant proportion of Cu from non-crustal materials or 

non-natural weathering processes due to anthropogenic 

sources [33]. Fish farming activities, such as excretion of 

fish waste products, death and decomposition, and organic 

material that influence mangrove sediments (as described 

in Table 1), may contribute to the enrichment factor of 

locations S5 and S6. Fishermen loading and unloading their 

catch, as well as boat maintenance activities, may 

contribute to elevated EF values at certain sampling 

locations. 

Human activities such as agriculture, aquaculture, urban 

development, and tourism are the leading causes of 

mangrove destruction, with fish farming being a significant 

driver of mangrove loss, varying by region [34-35]. Among 

the sampling sites, S5 at Juru had a higher EF value, likely 

due to the discharge of waste from several small rivers that 

flow through urban areas with significant human activities 

into the Juru River [36]. 

The metal accumulation capacity of sediment to tissues 

of C.Obtusa was measured by BSAF values, as presented 

in Table 2. The results indicated that BSAF values of 

tissues in all studied areas were greater than 1, implying 

that C.Obtusa can be categorized as macroconcentrators of 

Cu. These findings demonstrate the potential of C.Obtusa 

soft tissues as good biomonitors for heavy metals. Similar 

results have been found in other studies that utilized 

gastropod mollusks P. insularum and C. Obtusa as 

biomonitors for heavy metals in polluted ecosystems [37]. 

Another study found elevated levels of heavy metals in C. 

Obtusa collected from an estuary that received pig farm 

effluents [38]. Nonetheless, it is worth noting that the high 

accumulation of metals in soft tissues may not necessarily 

indicate the actual metal concentration in habitat sediments, 

as different factors can contribute to the accumulation of 

heavy metals in marine organisms, as previously described 

and reported elsewhere. 

The concentration of Cu in the tissues of the marine 

gastropod C. Obtusa has been studied, and the results have 

been compared with the permissible limits set by different 

countries. the Cu concentrations in the tissues of C. Obtusa 

from all the studied areas did not exceed the maximum 

permissible limits set by the Australian Legal 

Requirements (HMRC 1987) of 350 mg/kg [39]. This 

indicates that the levels of Cu in C. Obtusa from these areas 

are considered safe for consumption according to 

Australian standard. However, they were higher than other 

authorized permissible limits such as the Canadian Food 

Standard (100 mg/kg), Hungarian standard (60 mg/kg), 

Turkish acceptable limit (20 mg/kg) [40], Malaysian Food 

Regulation (1985) (30 mg/kg) [41], USEPA (2000) (120 

mg/kg) [42], and the toxic limit for fish by FAO (1983) (30 

mg/kg) [43]. The Ministry of Public Health in Thailand 

(MPHT 1986) set a limit of 133 mg/kg [44]. 

One limitation of this study is that it focused on a single 

gastropod species to assess the accumulation of Cu. 

However, different gastropod species may have different 

levels of accumulation of copper due to variations in their 

feeding habits, habitat preferences, and other factors. 

Therefore, it is important for future studies to consider 

using multiple gastropod species to obtain a more 

comprehensive understanding of copper accumulation in 

different marine environments. By using a variety of 

gastropod species, researchers can better capture the 

complexity and variability of Cu accumulation in marine 

ecosystems. 

4. Conclusions 

The study revealed that sediment enrichment factor 

values ranged from 0.18 to 1.83, and the biota sediment 

accumulation factor (BSAF) for tissues ranged from 2.0 to 

22.29. Cu concentration in the tissues was significantly 

higher than that in the sediments, and this variation may be 

due to the gastropod's biological function. These tissues 

were classified as macroconcentrators, making them 

potential biomonitors for metal accumulation. The study 

found that Cu levels exceeded the permissible limits set by 

many countries, which has significant implications for 

future ecotoxicological investigations. The study suggests 

C. Obtusa as a reliable bioindicator species for heavy metal 

contamination, which could aid in detecting and 

monitoring environmental pollution, conserving and 

managing mangrove ecosystems. Additionally, the study 

emphasizes the need for effective pollution control 

measures to prevent adverse effects on the environment and 

public health. 
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