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ABSTRACT 

 

 

 

 

 Water quality of the Johor coastal areas especially from Straits of Johor has 

long shown high level of metals. Conch Strombus which colonize near the shore 

ecosystem is exposed to metals in the aquatic environment. This study was carried 

out to evaluate the use of Strombus as an indicator of metals contamination at Johor 

coastal area. Moreover, Strombus is also a popular food source with high commercial 

value in the southern part of Peninsular Malaysia. Therefore, assessment on the metal 

status is crucial since direct consumption of contaminated seafood would cause 

adverse effect to human health. Strombus’s specimens, sediment and seawater 

samples were collected during spring low tide from July 2010 to July 2012 at seven 

different sites. There were three species of Strombus found during this study i.e 

Strombus canarium, Strombus urceus and Strombus aratrum. Strombus canarium 

turned to be the most abundance and highly distributed compared to other species. 

The metal concentrations (As, Cd, Cu, Pb and Zn) in the sediment, seawater and soft 

tissues of S. canarium were analyzed using inductively coupled plasma mass 

spectroscopy (ICP-MS). All of the metal concentration except for As exceeded the 

permissible limit of Malaysia Marine Water Quality Criteria (MMWQC) for Class E 

where Zn shows the highest range in water (0.002-0.165 mg/L) as well as in 

sediment (23.903-56.286 µg/g dry weight). Overall, high concentrations of metals 

were recorded at western part of Johor Straits. Metal content in sediment could be 

classified as polluted with Cu (7.247-46.868 µg/g dry weight) according to the 

Environmental Protection Agency (EPA) sediment quality. S. canarium also 

contained high accumulation of Zn (13.270-22.082 mg/kg wet weight). Nevertheless, 

all metal concentration in the soft tissues of S. canarium was within the 

recommended limit of Food and Agriculture Organization (FAO) and World Health 

Organization (WHO). On the other hand, experiments on toxicity were also carried 

out and reported as median lethal concentration (LC50). Abnormal behavior such as 

secretion of mucus in large quantities was observed, especially at high concentration 

of metals. Cu appeared to be more toxic than other metals with the value of LC50, 

0.261 mg/L. Generally, the result indicates that the S. canarium can be employed as 

bio-indicator for metal contamination since they tend to reflect the quality of 

surrounding environment.  
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ABSTRAK 

 

 

 

 

 Kualiti air di kawasan laut Johor terutamanya Selat Johor telah lama 

menunjukkan tahap bacaan logam yang tinggi. Gonggong Strombus yang mendiami 

ekosistem pantai terdedah kepada logam di dalam persekitaran akuatik. Kajian ini 

dijalankan untuk menilai kegunaan Strombus sebagai penunjuk pencemaran logam di 

kawasan laut Johor. Tambahan pula, Strombus merupakan sumber makanan laut 

yang popular dan memiliki nilai komersial yang tinggi di bahagian selatan 

Semenanjung Malaysia. Oleh itu, penilaian terhadap status kandungan logam adalah 

penting kerana pengambilan terus makanan laut yang tercemar boleh mengakibatkan 

kesan buruk terhadap kesihatan manusia. Spesimen Strombus, sampel sedimen dan 

air telah dikumpul sewaktu air surut dari Julai 2010 sehingga Julai 2012 di tujuh 

kawasan berlainan. Sebanyak tiga spesis Strombus dijumpai iaitu Strombus 

canarium, Strombus urceus dan Strombus aratrum. Strombus canarium adalah yang 

paling banyak ditemui dan mempunyai taburan yang luas berbanding dengan spesis 

lain. Kepekatan logam (As, Cd, Cu, Pb and Zn) di dalam tanah, air dan tisu S. 

canarium dianalisis menggunakkan induktif ditambah plasma spektrometri jisim 

(ICP-MS). Semua kepekatan logam kecuali As melebihi had yang dibenarkan oleh 

Kriteria dan Piawaian Air Laut Malaysia (MMWQS) untuk Kelas E di mana Zn 

menunjukkan julat tertinggi (0.002-0.165 mg/L) begitu juga di dalam sedimen 

(23.903-56.286 µg/g berat kering). Secara keseluruhan, kepekatan logam yang tinggi 

telah dicatatkan di kawasan barat Selat Johor. Kandungan logam dalam sedimen 

boleh dikelaskan sebagai tercemar dengan Cu (7.247-46.868 µg/g berat kering) 

berdasarkan kualiti sedimen oleh Agensi Perlindungan Alam Sekitar (EPA). S. 

canarium juga mengandungi pengumpulan Zn yang tinggi (13.270-22.082 mg/kg 

berat basah). Walaubagaimanapun, semua kepekatan logam dalam tisu lembut S. 

canarium berada dalam had yang dibenarkan oleh Pertubuhan Makanan dan 

Pertanian (FAO) dan Pertubuhan Kesihatan Sedunia (WHO). Sementara itu, 

eksperimen ketoksikan juga dijalankan dan dilaporkan sebagai kepekatan yang 

menyebabkan kematian sebahagian organisma (LC50). Penghasilan mukus dalam 

kuantiti yang banyak diperhatikan pada kepekatan logam yang tinggi. Cu didapati 

lebih toksik berbanding logam lain dengan nilai LC50, 0.261 mg/L. Secara 

keseluruhan, keputusan kajian menunjukkan S. canarium boleh digunakan sebagai 

penunjuk biologi untuk pencemaran logam di mana spesies ini cenderung untuk 

mencerminkan kualiti persekitaran.   
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

 

Geographically, Malaysia has two regions, namely Peninsular Malaysia and 

East Malaysia which are separated by the South China Sea. Peninsular Malaysia is 

surrounded by the Johor Straits on the southern coast and the Malacca Straits on the 

western coast. East Malaysia faces the Sulu Sea and Celebes Sea on the eastern coast. 

The total coastline of Malaysia is approximately 4,800 kilometers in length and 

contains one of the largest continental shelf areas within the tropical world which is 

supported by a rich biodiversity owing to variation of marine ecosystems, including 

sea-grass, mangroves, seashore and coral reefs (Mazlan et al., 2005). Nevertheless, 

these ecosystems are fragile and greatly influenced by environmental changes. Since 

the quality of marine ecosystems have a significant part in the sustainability of marine 

resources, any sources of contamination may be a great threat to the ecosystem 

(Mustafa and Ariffin, 2011).  

 

  

In recent years, Malaysia has undergone progressive development that has 

induced many environmental issues. Increased human activities have put more 

pressure on coastal and marine ecosystems. Unsustainable practices of development 

and population growth along the coastline have led to increased sources of 

contaminations, habitat degradation and a decline of marine life. These practices have 

also created conflicting interests between economic growth and conservation of 

natural ecosystems. Although it is known that many coastal habitats and ecosystems 

are under threat, yet the coastal residential areas are heavily depended on (Arifin et 
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al., 2012). Contaminant from land based activities has been keyed out as a major 

sources towards marine contamination in Malaysia (Gasim et al., 2013).  

 

 

Johor is located on the southern tip of the Peninsular Malaysia and bordered 

by two major straits; Johor Straits on the southern coast and Malacca Straits on the 

western coast. The coastal resources in Johor are relatively rich and could be 

considered more diverse compared with other coastal areas in Malaysia. 

Consequently, these coastal areas are extremely affected by human activities 

associated with urbanization, industrial growth and agriculture. The eastern coast of 

Johor is known for its tourism activities due to its beautiful beaches and islands, 

whereas the Johor and Malacca Straits are known as polluted areas. Despite being 

exposed to a great deal of environmental stress, the Johor Straits are an important 

ecosystem as the areas are linked up with seagrasses, mangroves and intertidal 

mudflat. These ecosystems play a significant function as home grounds and food 

sources for a wide diversity of aquatic life. Hence, a lot of unique species such as 

gastropods; Strombus canarium, bivalves; Perna viridis and horseshoe crabs; 

Carcinoscorpius rotundicauda and Tachypleus gigas reside abundantly in the Johor 

Straits compared to other places (Yap et al., 2004; Cob et al., 2009a; Hajeb et al., 

2009). 

 

 

Over the past 17 years, the eastern part of the Johor Straits was described as 

more polluted than the western part, since most of the ports (Pasir Gudang, Tanjung 

Langsat) and heavy industries (petrochemical plants, electrical power plant and 

construction facilities) are located on the eastern coast (Wood et al., 1997; Eugene et 

al., 2013). However, the western coast is currently facing rapid development (Figure 

1.1). The coastal zones of Johor are 64 km in length and have been assigned under the 

Iskandar Development Region (IDR) to accelerate the growth of the economy. The 

Port of Tanjung Pelepas (PTP) located at the Sungai Pulai estuary is included under 

the IDR in order to enhance economic achievement.  On the other hand, the 2100 

MW Tanjung Bin power plant is on the opposite coast. A 40.5 ha oil bunker island 

constructed in front of the Tanjung Bin power plant is an island for the storage of fuel 

and diesel.  
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Figure 1.1: Location of Johor Straits 

 

 

Indeed, two major developments take place involving petrochemical and 

maritime industries next to the Tanjung Bin Power Plant and there is a petrochemical 

facility on a man-made island near Tanjung Bin. This industry is expected to handle 

various petroleum products which included industrial and marine fuel oils, diesel, jet 

fuel and biodiesel.  Furthermore, according to the Municipal Council of Johor Bahru 

Tengah (MPJBT), the coastal line of the villages will be developed as an industrial 

region of Tanjung Pelepas consisting of light and medium industries, housing areas 

and agriculture purposes. The area is faced with Tuas, Singapore, an industrial zone 

in the western region of Singapore which consists of incinerator plants, power 

supplies and chemical industries. Thus, massive developments on both sides lead to 

significant physical and chemical changes in the surrounding environment (Zulkifli et 

al., 2010). 

 

 

Additionally, a massive reclamation of land is currently undergoing between 

Tanjung Kupang and Tuas area. The reclamation started in early 2014 with an 
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approximate size of 926 hectares of land intended to be used for a stadium and luxury 

homes which will be known as Forest City (Shan, 2014). This huge site has 

completely destroyed the largest seagrass bed in Peninsular Malaysia. Huge piles of 

sand were dumped on the seagrass bed and the proposed connecting road has caused 

mangrove areas to be cleared. The water has become cloudy due to the high sediment 

loading which has caused adverse effects to marine life.  

 

 

Pollutants as a result from human activities enter the aquatic systems and 

integrate into the biota and interfere with chemical and biological processes in the 

water column and sediments (Figure 1.2). Among the pollutants, metals are 

considered as a severe environmental issue due to their persistent and non-

biodegradable properties (Al-Ahmary, 2013). Metals such as zinc, copper and iron are 

important elements which are nutritionally essential to living beings, however, they 

can have adverse effects when they are consumed more than the specified limits 

(Krishna et al., 2014). Conversely, there are metals that have higher levels of concern, 

such as arsenic, cadmium, lead and tin. They have been categorized as heavy metals 

due to their toxic and carcinogenic potential.  

 

 

Figure 1.2: The cycle of metal contaminants as they are released from anthropogenic 

sourcing to the aquatic environment. They can be circulated in water or stored in 

sediments (Garbarino et al., 1995).  

Strombu

s 

4
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Aquatic organisms accumulate metals from the contaminated water and 

sediments which then causes the metals contaminants to enter the food chain through 

predators eating contaminated aquatic organisms. The capability of metals to bio-

accumulate and transfer through food chain could lead to greater environmental 

problems (Hasyimah et al., 2011).  Humans are on the top tier of the food chain and 

consume a large amount of seafood. The consumption of metal-contaminated seafood 

may expose humans to health problems. A previous survey has demonstrated that 

progressive and irreversible accumulation of Pb in human bodies can impair the 

functions of the kidney and liver (Anim et al., 2011). Long-term intake of Zn (150 – 

2000 mg/day) will induce sideroblastic anaemia, leukopenia and hypochromic 

microcytic anaemia (Nriagu, 2007). 

 

 

Generally, metals are released into the aquatic environment through natural 

processes such as soil erosion or rock weathering at low levels that will not cause any 

adverse effects on living organisms. However, Cuong, (2005), Ong and 

Kamaruzzaman, (2009) and Said et al., (2013) have reported that intensive dredging, 

reclamation and shipping activities in Johor coastal areas had led to the enrichment of 

metals in the aquatic environment. Arsenic (As), cadmium (cadmium), copper (Cu), 

lead (Pb) and zinc (Zn) are common metals that have been identified in seawater and 

accumulated in coastal sediment and marine life of Johor. Yap et al., (2012a) 

observed high levels of Zn in the Johor Straits which partially originates from the 

direct discharge of boiling water from mussel processing factories at Kampung 

Sungai Melayu. The discharged from those anthropogenic activities have focused 

attention on the risk to coastal and estuarine ecosystems, which are considered as 

sensitive environments.   

 

 

The constant release of metal pollutants may lead to the deterioration of the 

environmental quality (Adnan and Ismail, 2014). The deleterious effect of aquatic 

organisms would frequently occur as a consequence of high levels of metals in the 

water and sediment (Bashir et al., 2012). This was reflected by a decrease of the 

existence of gastropod species as Cob et al., (2009b) found high mortality values for 

Strombus canarium from the Johor Straits as a result from water pollution. Moreover, 
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Yusof et al., (2003); Amin et al., (2006) and Hadibarata et al., (2012) observed higher 

concentrations of metals (As, Cd, Cu, Pb and Zn) in the marine life (Perna viridis and 

Nerita lineata) from Johor areas which exceeded the limit of Malaysia Food 

Regulation.  

 

 

However, there are limited studies concerning the toxic effect of metals on 

gastropod available, especially in Malaysia’s coastal waters (Vedamanikam and 

Shazili, 2008; Shuhaimi-Othman et al., 2013). Most of the studies focused on the 

accumulation of metals in the sediment, water and other aquatic organisms (Yap et 

al., 2011a; Alina et al., 2012; Hadibarata et al., 2012). The influence of metals on 

aquatic organisms could be investigated using toxicity tests. During the toxicity test, 

groups of selected organisms were exposed to test the substance under a controlled 

environment to determine the potential adverse effects. Dam et al., (2008) 

emphasized that the use of toxicity testing for environmental impacts, risk assessment 

and water quality guideline derivation is well established and forms a key component 

of the Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 

 

 

The present study focused on marine gastropod, Strombus which is widely 

distributed in the coastal waters of Johor. The genus Strombus is a worldwide tropical 

group of mesogastropods species that belongs to the Strombidae family. They can be 

found in soft or muddy sediment, often in colonies and within areas of low to medium 

seagrass densities. Among the Strombus species, Strombus canarium is reported to 

occur abundantly in many parts of Southeast Asia’s marine environment (Cob et al., 

2009a). In Malaysian waters (Figure 1.3), they are present in the seagrass bed area, 

and along coastal and sheltered islands, especially on the southern coast of Peninsular 

Malaysia (Purchon and Purchon, 1981; Poutiers, 1998; Cob et al., 2009a). Adult and 

juvenile versions of these species are ecologically important as grazers of seagrass 

detritus, epiphytic algae and diatom. The Strombus also an important food sources for 

rays, dugongs and volute snails such as Melo melo, and Cymbiola nobilis to prey on 

(Brownell and Stevely, 1981). Tabugo et al., (2013) reported that the Strombus 

species are also valued by humans as food items, while their shells are exploited for 
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ornamental purposes. S. canarium or locally known as ‘siput gonggong’ is a popular 

seafood delicacy and has high economic values (Bujang et al. 2006). 

Figure 1.3: Distribution of Strombidae species in Malaysia’s coastal areas (Purchon 

and Purchon, 1981; Ridzwan and Kaswandi, 1995; Poutiers, 1998; Cob et al., 2009a). 

 

  

A study conducted by Cob et al., (2009b) mentioned that there is limited 

information regarding its ecology and fisheries which lead to unsustainable habitat 

destruction of the genus Strombus. Moreover, there is also no regulation concerning 

fisheries of this species in Malaysia. Therefore, this study investigates the occurrence 

of Strombus species and also their tolerance to metal contamination.  Determination 

of the Strombus capability to tolerate metals provides useful information concerning 

the survival of the species and is an effort to restore depleted natural populations of 

these species. Currently, their habitats are extremely exposed to coastal contamination 

induced by anthropogenic factors, which can likewise contribute to their depletion. 

Strombus may accumulate metals through water, ingested sediments and other food 

particles. Due to this exposure, the bioaccumulation of metals is possibly higher and 

thus has potential to cause adverse effects to themselves and also their predators. 
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1.2 Problem Statement 

 

 

The coastal areas of Johor are highly impacted by human intervention 

associated with reclamation, urbanization and industrial activities. Unsustainable 

practices from those activities have focused attention on the risk to coastal and 

estuarine ecosystems which are considered as sensitive environments. Among 

pollutants, metals received more concern due to their high toxicity and effect on the 

environment. Marine gastropod Strombus are widely distributed in the coastal waters 

associated with a sandy mud bottom in seagrass areas and usually close to estuaries. 

As a part of benthic invertebrate communities, species of Strombus are important in 

the biodiversity of maintaining healthy ecosystems and also comprise an important 

trophic component of detrital based estuarine food webs (Amin et al., 2009).  

 

 

From literature reviewed, the Strombus have been reported abundantly in 

contaminated areas such as the Johor Straits compared with other places. 

Consequently, they are highly exposed to various type of contaminants originated 

from anthropogenic activities and sea-based sources. It also shows that they are very 

tolerant to the exposure of contaminants and have been revealed as potential bio-

indicators of environmental stress in coastal ecosystems. Moreover, as a deposit 

feeder, Strombus also feed on sediment containing diatoms, bacteria and detritus by 

swallowing particles or browsing particles in order to scrape off organic biofilms. 

Due to their feeding requirements, they inhabit fine-grained and organic rich 

sediments due to increased food availability (Mauffret et al., 2009). Therefore, 

Strombus may accumulate metals from dissolved and particulate sources whether 

essential or not, all of which could possibly cause toxic effects. Moreover, metals 

contained in their system may reflect the condition of the surrounding environment. 

Nevertheless, Strombus are a popular as a seafood delicacy and have a high market 

value. Since their consumption has increased nowadays, it is important to assess the 

metal accumulation in their soft tissues to ensure it will not have adverse effects on 

human health.  
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1.3 Objectives of the Study 

 

 

The objectives of this study are as follows: 

 

 

1. To quantify the occurrence of Strombus species in southern and eastern coast 

of Johor 

2. To determine metal contamination in water, sediment and Strombus in 

southern and eastern coast of Johor 

3. To determine the lethal concentration (LC50) of metals in Strombus and 

identify the effects of metal on their mortality. LC50 is defined as the certain 

concentration of metal which will lead to 50% of organisms experiencing 

acute toxicity that will cause death 

4. To evaluate the potential of Strombus as bioindicator of metal contamination 

 

 

 

 

1.4 Scope of the Study 

 

 

The following scopes of study have been keyed out in order to accomplish the 

aims. The scopes are as follows: 

 

 

a) For determination of the occurrence of Strombus: 

1. The study is conducted mainly in the Johor coastal area since the area 

is known as their habitat. The study areas involved intertidal zones 

associated with seagrass beds, mangroves and sandy mudflats  

2. The specimens were collected during the spring low tide which occurs 

only twice a month  

3. Stratified random sampling with time search was used for assessing 

the occurrence of gastropod. 
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b) Metal concentration in water, sediment and Strombus  

1. Physical characteristics of water, such as dissolved oxygen, 

temperature, pH and salinity have been measured in situ and also 

taking water samples for laboratory analysis.  

2. Sediment was sampled using a sediment corer and was preserved prior 

the analysis, whereas Strombus’s specimens for the toxicity test were 

kept in moist sediment during transportation to the lab.  

3. Analytical parameters for water samples were referred to the 

Malaysian Marine Water Quality Standard (MWQS) and ASEAN 

Marine Water Quality Criteria (AMWQC). 

4. Sediment quality was evaluated according to the EPA sediment quality 

proposed and New York sediment criteria 

5. Analysis of the metal in Strombus and the status were determined 

based on guidelines recommended by Malaysian Food Regulation, 

World Health Organization (WHO) and the Food and Agriculture 

Organization (FAO). 

 

 

c) Median lethal concentration (LC50) of metals on Strombus 

1. Acute toxicity tests conducted according to the method recommended 

by the American Society for Testing and Materials (ASTM), 2007. 

The LC50 value was determined using the 96-hours static renewal 

condition.   

2. The metals exposed to Strombus included cadmium, copper, lead and 

zinc. 

3. The LC50 values were calculated using Probit analysis. 

4. Observation of behavior responses of Strombus during exposure were 

recorded  
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1.5 Significance of the Study 

  

 

Gastropods are an important component of mollusk communities in Malaysia 

coastal waters both in ecological and economical aspects. The gastropod fauna of 

Malaysia are rather well recognized from the study by Purchon and Purchon, (1981) 

although, little progress on collection and documentation of marine gastropods have 

been made since then. Moreover, Wong and Arshad, (2011) also found that the 

information on gastropods in Malaysia is still inadequate and makes it impossible to 

assess the rate of population lost. Hence, this study provides the current status of 

Strombus species, particularly in coastal areas of Johor.  

 

 

During a preliminary survey and from literature, most of the species were 

abundant in Johor’s coastal areas. However, their habitat has been threatened by 

development. Tanjung Kupang seagrass bed was the largest seagrass bed in 

Peninsular Malaysia (Green and Short, 2003) and also one of the Strombus’s habitat 

that faced a significant threat from the reclamation works. As the seagrass bed at 

Tanjung Kupang was rapidly being destroyed by reclamation works indicated since 

early 2014, the present study probably one of the last documentation regarding the 

occurrence of Strombus’s species at the area. Moreover, the Strombus’s habitat at 

Tanjung Bin will be wiped out due to the expansion of Tanjung Bin Power Plant and 

the adjacent petrochemical industry. Surrounded by mass development and exposure 

to various types of pollutant creates unfavourable conditions for Strombus and they 

may face extinction. Hence, documentation of the species is significantly important 

for the environmental health status, conservation planning, and to serve the public. 

 

 

Metals are released into the Johor coastal area from various sources. Metal is 

transported by being dissolved in water, volatized into the atmosphere or stored in the 

coastal sediment. The species of Strombus that are among the largest and abundant 

mollusc in this area have an increased possibility to accumulate metals in their body. 

On the other hand, the metal concentrations in Strombus needs to be investigated 

since its consumption has increased and high levels of metals in its tissues may cause 

adverse effects on human health (Cob et al., 2009b). Moreover, this gastropod is also 

a part of the marine life’s diet, such as volute snails, rays and dugong. The status of 
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water quality and sediment in its habitat may also determine whether the Strombus 

population is affected by their surrounding environment especially through 

accumulation of the metals contamination. The bioaccumulation of metals in living 

organisms is particularly significant as an indicator of exposure since they were often 

used to provide reliable assessments of metal levels in polluted ecosystems. Although 

there were other marine organisms that have been suggested as a bio-indicator, those 

will never be appropriate to represent the problem of marine ecosystem as a whole. 

Therefore, the capability of Strombus species to accumulate metals encouraged 

selection of this species as a biological indicator of metals contamination at Johor 

Straits and thus be an indication of the quality of the surrounding environment.  
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