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Accumulation and Depuration of Lead and Chromium by Nerita lineata 

ArflZiah Binti Anuar 

Program Kimia Sumber 


Fakulti Sains dan Teknologi Sumber 

Universiti Malaysia Sarawak 


ABSTRACT 


The uptake and elimination patterns of lead (Pb) and chromium (Cr) by gastropod snail, Nerita lineata during 

exposure to the metals was examined in controlled laboratory condition. Nerita lineata was acclimatized for 3 days 

under laboratory condition prior to metals exposure. The experiment was designed to allow four days of 

accumulati~n (24-96 hours) and another four days of depuration (120-196 hours). For accumulation and depuration, 

the sampling of Nerita Iineata from each tank was carried out every 24 hour. Sediment samples were taken at the 

end of metal exposure and elimination test. The increasing and decreasing trend in accumulation and depuration for 

both metals indicates that Nerita lineata was capable to uptake and eliminate the metals from its body. 

Accumulation and depuration of Pb was more rapid as compared to chromium. This is due to the different 

mechanisms of metal-binding ligands present at either at the membrane surface or intracellulary. For sediments, the 

concentration of both metals increased during accumulation and decreased during depuration. 

Keywords: Accumulation, Depuration, Lead, Chromium, Sediment, Nerita lineata 

ABSTRAK 

Penyerapan dan penyingkiran logam plumbum (Pb) dan kromium (Cr) dengan Nerita lineata telah dijalankan 

dalam keadaan terkawal di makmal. Nerita lineata disesuaikan dengan keadaan makmal selama 3 hari sebelum 

didedahkan dengan sedimen yang mengandungi Pb dan Cr. Masa pendedahan untuk eksperimen adalah selama 4 

hari (24-96 jam) dan 4 hari lagi adalah masa pe~'tngkiran (120-196 jam). Semasa pendedahan dan penyingkiran, 

Nerita lineata diambil secara rawak dari setiap bekas setiap 24 jam. Sampel sedimen juga diambil pada setiap 

penghujung masa pendedahan dan penyingkiran. Peningkatan dan penurunan kepekatan logam semasa 

pendedahan dan penyingkiran bagi kedua-dua logam menunjukkan Nerita lineata berkebolehan untuk menyerap 

dan menyingkirkan logam-logam tersebut. Penyerapan dan penyingkiran plumbum adalah lebih ketara berbanding 

dengan kromium. Ini disebabkan oleh perbezaan dalam mekanisme ligan pengikat logam yang terdapat pada 

permukaan membran alau intraselular. Bagi sampel sedimen pula, kepekatan bagi kedua-dua logam berat adalah 

meningkat semasa penyerapan dan menurun semasa penyingkiran logam berat. 

Kal lunci: Penyerapan, Penyingkiran, Plumbum, Kromium, Sedimen, Nerita lineala 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

Among environmental disturbances, heavy metals contamination still remains a potential 

problem where industrial inputs are in close proximity to fanning or recreational zones. 

Atmospheric and river inputs also constitute an additional source of metal pollution along 

industrialized coastlines (Radenac et ai., 2001). Much attention has been paid to heavy metals 

contamination in water environment and their potential hazards to organisms as well as human 

beings (Liang et ai., 2004). Metals often accumulate within the sediments which represent a 

repository for a major part of the total heavy metals load in aquatic environment. 

According to AbdAllah and Moustafa (2002), earlier studies used the chemical analysis of 

water and sediments to measure and quantify the pollution in the aquatic environment. However, 

both of the methods failed to get accurate results. This is due to the difference in sensitivity 

between various instruments and since the analysis included the chemical compounds that are not 

available to the biological system. Therefore, the use of biological species in the monitoring of 

aquatic environment quality has been arisen (Campanella et aI., 2001). For many years, assessing 

the effects of various toxicants has focused on aquatic organisms (Radenac et ai., 2001). Trace 

metals analysis of aquatic organisms can provide important infonnation on the degree of 

environmental contamination and potential impact of seafood consumption (Ip et aI., 2005) 

Gastropods are example of aquatic organisms that have been widely used for toxicity 

studies. The gastropods, for example, snails and slugs, are generally characterized by a single shell, 
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siDgle foot and an asymmetric body. The shell has been totally lost, or reduced in slugs while 

both snails and slugs crawl slowly, mainly using waves of muscular contraction of the single foot 

and Wong, 2000). Molluscs belong to the class of Gastropods. Since there are plenty species 

molluscs inhabit estuaries and rivers and it is easily obtained, numerous studies have aimed at 

;CXlUDillliIllg the bioaccumulation and effects of various toxicants in these animals. According to 

W'llrltIi1,w.: (1993), most marine invertebrate species have been proposed as 'toxicity tests'. Marine 

estuarine species that are commonly used for testing the toxicity of chemicals and aquatic 

~ eD1vmJ'nm.entaJ quality are rotifers (Brachionus plicatilis), crustaceans (copepods (Acartia tonsa) , 

brine shrimps (Artemia salina) and mysids (Mysidopsis bahia)) and bivalves (oysters (Crassostrea 

as) and mussels (Mytilus edulis)). 

Nerita lineata is a type of gastropod that can be found in Sarawak and locally known as 

kerikap' or 'tekoyong perempuan'. These gastropods snails are abundantly distributed around the 

area of Kampung Goebilt, Muara Tebas and Bako. Nerita is notable for their smooth, oval and 

'YBriably patterned shells. The mouth is characteristically semi-circular with a calcareous operculum. 

1be family is rich in species, as they can live in the sea, brackish or fresh waters. Nerita lineata can 

easily distinguished by its large, thick shell with pronounced spiral cords. These gastropods 

are commonly inhabit tree trunks on the back-side mangroves (Tam and Wong, 2000). The 

_rons for choosing Nerita lineata a~oindicator species for toxicity is because of its high 

/distributi<m and have long life times, around two to three weeks. 

Truhaut (1977) defined ecotoxicology as the branch of toxicology concerned with the study 

effects, caused by natural or synthetic pollutants, to the constituents of ecosystems, animal 

[iDc:IudIng human), vegetable and microbial, in an integral context (Forbes and Forbes, 1994). The 

objective of ecotoxicology is the evaluation of risk for an ecosystem exposed to the 
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environmental stress, including contamination. During the past decades the results of biological 

response to chemical stress have been used as references to determine the expected biological 

damage (Ferrer et aI., 2006). 

1.2 Statement of Problems 

Th~re are various types of aquatic organisms that have been used to test the levels of metals 

in the aquatic environment. It includes invertebrates such as molluscs, mussels, oysters, water flea 

(Daphnia magna), amphipod (Gammarus pseudolimnaeus) and snail (Physa integra) (Crosby, 

1998). However, studies on the ability of Nerita lineata to accumulate and eliminate metals are still 

lacking. Hence, this study was carried out to gather more information about the ability of this 

gastropod snail to accumulate and eliminate metals, thus can be applied as the biomonitoring agent 

for monitoring environmental pollution. 

1.3 Objectives 

The objectives of this study were to: 

I. 	determine metals accumulation and elimination patterns of lead (Pb) and chromium 

(Cr) in Nerita lineata. 

11. 	 detennine the relationship between metal uptake by Nerita lineata and metals in 

sediment by employing correlation study. 
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CHAPTER TWO 


LITERATURE REVIEW 


2.1 Heavy metals 

Heavy metals are defined as metals with specific gravity greater than 5. The definition is 

based on a rather arbitrarily chosen physical parameter and consequently includes with widely 

different chemical properties. This includes the lanthanides and actinides which are not usually 

regarded as 'heavy metals' when their chemistry is considered (Martin and Coughtrey, 1982). 

According to Depledge et al. (1994), the separation of metals into class A, borderline and 

class B which is proposed by Nieboer and Richardson (1980) is a very useful guideline to define 

heavy metals (Table 2.1). However, ecotoxicologist define heavy metals as metals that have been 

shown to cause environmental problems. There are Cd, Hg, Zn, Sn, Cu, Ni, Cr, Pb, Co, V, Ti, Fe, 

Mn and also Ag. The metalloids, As and Se are also included. 

Metals can be neither degraded nor metabolized. Metals are one example of ultimate 

persistence. Most elemental metals do not easily enter living organism but metals can fonn both 

organic and inorganic compounds, which may differ in their access and effects on living organisms 

(Francis, 1994). 

The essential toxicity is the characteristic of metals. According to Uluozlu et al. (2007), 

.·f1I1'!H"V metals can be classified as potentially toxic. Toxic elements can be very hannful even at low 

.:Con<~n1tration when ingested over a long time period. Silver (Ag), cadmium (Cd), chromium (Cr), 

_Der.~un (Hg) and lead (Pb) are examples of toxic elements. All of these elements are ubiquitous in 

east a trace concentration in the environment. These elements may accumulate to a toxic 
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concentration and can cause ecological problem in certain environment condition. Some instance 

exposure of minerals with a high concentration of particular toxic elements, resulting in the 

contamination of soil, biota as well as water (Freedman, 1989). However, some metals are required 

by most but not all biological system. In this situation, the metals are required only in trace 

amoWlts. They are often an integral part of specific biological molecules such as hemoglobin and 

myoglobin which contain iron (Fe) and Vitamin B12 which contain cobalt (Co). All these metals are 

needed to activate or regulate their functions (Kotz et al., 2006). 

Sources of heavy metals can be divided into two groups which are natural sources and 

anthropogenic sources. Most of the natural sources of heavy metals are diffuse sources such as 

volcanoes and natural weathering of rocks while the anthropogenic sources of heavy metals in the 

environment are from human activities such as mining, intensive aquaculture and municipal 

wastewaters, Wltreated effluents harbor activities, urban and agricultural runoff along major rivers, 

estuaries and bays (Dalman et al., 2006). 

Table 2.1: The separation of some essential and non-essential metal 

ions into class A, class B and borderline elements based on the 

classification scheme ofNieboer and Richardson (1980) 

Class A Borderline Class B 

Calcium Zinc Cadmium 

Magnesium Lead Copper 

Manganese Iron Mercury 

Potassium Chromium Silver 

Strontium Cobalt 

Sodium Nickel 

Arsenic 

Vanadium 
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2 1.1 Chromium (Cr) 

Chromium (Cr) is naturally occurring element found in rocks, animals, plants, soils and 

inorganic dust and gases. Chromium is present in the environment in several different fonns . The 

most common forms are Cr (0), Cr (III) and Cr (VI). Chromium compound has no odor or taste. 

Chfomium industry uses metal chromium (chromium (0» fonn for making steel. In the 

plvanizing industry, other metals are coated with a chromium layer (chrome plating) in an 

electrolytic process (Gauglhoter and Bianchi, 1991). Further application of chromium compounds 

m industry is as dyes and pigments, leather and tanning and also wood preservatives (McGrath, 

Chromium is considered to be essential to a part of the living organisms, for example, as 

biologically active chromium (BAC). This BAC is important for metabolism of glucose. A 

deficiency of chromium in animals can cause diabetes, arteriosclerosis, growth problems and also 

eye cataracts (Gauglhoter and Bianchi, 1991). The nonna! dietary intake of chromium for humans 

However, chromium can give toxic effect if present in organisms in excess such as Cr (VI). 

iBnWhling high levels of Cr (VI) can cause irritation to the nose as well as lung cancer while 

:inl!testing large amounts of Cr (VI) can cause ulcers, convulsions, kidney and liver damage and even 

.... 
(Gauglhoter and Bianchi, 1991). 
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lead-tin alloys are often used as solder. 

pigment in paint to promote polymerization but it has been banned. 

Lead has 

un::ver'SI'ble brain damage as cerebral palsy and mental retardation. 

synthesis and hemolysis. 

~\oU"'''' lead poisoning 

Neri!a lineata 

Lead (Pb) is known as the most important toxic hazard in the development of civilization, a 

dubious distinction it owes to its ubiquity and versatility and to its consequent heavy use (Francis, 

In industries, lead is used to make battery plates when combined with Sb (antimony) and 

Also, lead metal, in combination with Pb02, is used to 

fabricate the lead-acid accumulator battery (Davies, 1990). In previous days, lead was also used as 

long residence time than any other pollutants when it is released to the 

As a result, lead and its compounds tend to accumulate in soils and sediments. 

lBocaw5e of their low solubility and relative freedom from microbial degradation, they will remain 

to the food chain and to human metabolism far into the future (Davies, 1990). 

Lead is poisonous and has no useful function in the living organism. In human, there are 

symptoms of acute lead poisoning such as intestinal cramps, renal failure, sterility and 

Anemia results from impaired 

In milder adult cases, mental effects present as irritability while in 

can cause hyperactivity, behaviour disorders and learning disabilities 

(Figure 2.1), the herbivorous snails can be categorized under phylum 

It comes from the class of gastropods. Nerita lineata shaped like a helmet and has a 
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It also has distinct lines along its shell. Nerite snails such as Nerita lineata 

aod Nerita chamaeleon which is come from the family ofNeritidae can be found onto the mangrove 

rocks and on the mud. Nerita lineata can be quite easily distinguished by its large, thick shell 

with pronounced spiral cords (Tam and Wang, 2000). 

Nerita lineata grazes algae at night during low tide. They are inactive during the day, and 

ften stay above the water during high tide in crevices. Such behaviour appears to be an adaptation 

apinst predation by crabs or fish. Other than that, as another defense strategy, Nerita lineata also 

diameter about 2 cm. 

have a hard, calcareous operculum (Lim et al., 2001). 

.3 Toxicity Study 

Figure 2.1: Nerita lineata 

Ecotoxicology is the study which concerned about the release of toxic pollutants into the 

their distribution and fate in the biosphere and especially in food chains, and 

and qualitative measurement of toxic responses in ecosystem and ecosystem 

(Crosby, 1998). Ecotoxicology study focuses on two objectives which are to predict 
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.'JllCIUIIS and environmental stress (Yap et al., 2003a). 

LDso, etc). 

,'UIilIKiU 

to diagnose the causes of ecological and biological effects resulting from exposure to heavy 

According to Crosby (1998), the most common type of toxicity test is still acute lethality 

The number of animals required for a test depends on the desired level of 

:Jlllistiical significance. Acute toxicity responses usually are measured within 96 hours, although the 

animals may be held several weeks for observation. The purpose of quantitative toxicity 

.I8S1Jrellllelllt is to estimate how much exposure to a particular toxicant an organisms can tolerate 

how poisonous the chemical relative to other substances. The common end point for toxicity 

There are few reasons on why acute lethal toxicity bioassays are important (Ferrer et ai., 

• 	 For providing a measurement of the relative toxicity of the substances. 

• 	 For assessing the sensitivity of the species' at different stages of life to a particular 

substances. 

• 	 For determining concentrations of chronic toxicity so as to assess water quality 

criteria. 

Usually, information on the toxicity of heavy metal pollutants to the aquatic environment 

been gained from test involving single pollutants. However, toxicants are rard y present in 

!!IJII'IIWU, since natural waters are normally polluted by a mixture of substances that may exert their 

simultaneously (Shuhaimi-Othman and Pascoe, 2007). 
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~iSlOn 

Mixed toxicity bioassays can provide information on the global effects of mixtures present 

environments and allow the evaluation of the magnitude of the effects by determining additive, 

~JJ'lKIQ~lO, and/or antagonistic responses (Ferrer et al., 2006). LCso stand for lethal concentration 

the concentration which produces the death of 50% of the exposed population. 

eology Studies using Aquatic Organisms 

Many animals and cell types have been used as bioindicators to access the toxicity of heavy 

and other toxic substances to natural ecosystem (Hadjispyrou et aI., 2001). There are several 

"ODS for the selection of these animals as a test organisms such as they are abundant in many 

I![IftIstnBl and aquatic ecosystems, being easily available for collection and they are highly tolerant 

many pollutants especially heavy metals and radionuclide as well as exhibit high accumulation of 

(Lau et aI., 1998). These animals have the ability to withstand the high accumulation of heavy 

because of the binding ability of the metals to a kind of protein known as metallothionein 

and Spence, 1995). 

The other reason these animals are often used as indicators of metal pollution, because of a 

(linear) relation is assumed between the concentrations of the pollutant in the environment 

the ~al itself (Hummel et aI., 19~~ 

Species of nerite snails which is Nerita saxtilis was examined as biomonitor of lead and 

IdDmu[[l in the marine environment through testing their storage ability in different organs related 

of surrounding water and sediments at AI-Humrain, Egypt (AbdAUah and Moustafa, 2002). 

study showed that Nerila saxtilis was capable to bioaccumulating lead and cadmium where lead 
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highly accumulated than cadmium in different organs. The study also proved that the digestive 

~JIIIIIIJUa were the organ that stored the largest amount of both metals. 

Marine mussels are widely used for biomonitoring heavy metals contamination in coastal 

The use of common mussels, Mytilus edulis had received considerable attention in 

Mussel Watch' programmed for global marine biomonitoring (Goldberg, 1975). In Malaysia, 

et ai. (2000) suggested that P. viridis, a green-lipped mussel as a potential biomonitoring 

of heavy metals for the west coast of Peninsular Malaysia. P. viridis fulfills some of the 

~terianamely widespread distribution along the west coast of Peninsular Malaysia, enough tissue 

metal analysis and sedentary lifestyle. 

Another study was conducted by Yap et al. (2003b) using P. viridis in Malaysia. The study 

_lied that there were different rates of accumulation and depuration in soft tissues due to 

III_til mechanisms of metal binding and regulation. At the end of depuration test, levels of 

..mum in soft tissues ofP. viridis were 10 to 30 times higher than before exposure while levels of 

in soft tissues were almost similar to levels before exposure. The results indicated that P. 

is a good biomonitoring organism for cadmium but zinc levels might be actively regulated. 

Accumulated body concentrations of cadmium, copper and zinc were investigated in 19 

of intertidal invertebrates namely barnacles, bivalves, chiton and gastropods in unpolluted 

in Hong Kong by Blackmore (200~ In the class of gastropods, there was one species of nerite 

involved which is Nerita albicilla. Body metal concentration could be explained by the 

IGUIDUlati()fl strategy of the analysed organisms and by physiological requirements for the essential 

i.e. copper and zinc. Levels of copper were high enough in Nerita albicilla to implicate the 

of haemocyanin as a major respiratory pigment, adding further non-enzymatic metabolic 

lUUancmts to the total body content. 
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~'lojuand Don-Pedro, 2004). 

Under laboratory conditions, analysis of whole body tissues of Tympanotonus fuscatus L, an 

periwinkle revealed that animals exposed to sublethal concentration of Pb compound 

_1JIIl1:1latc~ measurable quantities (368.98 Ilg/g) of the metals ions that were six times higher than 

concentration (60.55) accumulated by animals in the control media. This observation of 

_-=ssi"e increase in the concentration of Pb in the tissues of T fuscatus indicates that the animal 

the capability to accumulate this metal in its body tissues. There was also significant and 

IOIi1tive correlation between the amount of Pb accumulation by T fuscatus with time of exposure 

:0 0.9594) and the concentration of Pb in the sediment (R2 
= 0.7072), during laboratory studies 

Another laboratory study done by Daka et al. (2006), also used Tympanotonus fuscatus L as 

g.lODiltor ofheavy metals in tropical estuaries. The periwinkles were collected from a site in the 

Bonny Estuary, Southern Nigeria and exposed in a series of experiments either singly or 

mixtures to copper, zinc and cadmium. The results showed that the accumulation profiles of 

Zn and from single solutions did not indicate any concentration-dependent relationship. In the 

ofeu, there was a generally negative relationship between net uptake and concentration which 

significant. This showed that T fuscatus was not a good candidate for the monitoring of 

two metals in aqueous media. On the other hand, the accumulation Cd from single metal 

lDOllUI'Il:S gave a positive concentrati<>i~ependent relationship. This implies that T fuscatus was 

bioindicator of ambient Cd levels in solution. 

Other than that, the acute and subchronic toxicity study of lead was detennined in the 

Babylon, Babylonia areolata, a type of gastropod. The 96 hour static bioassay was 

.I£kld.to estimate median lethal concentration (LCso). The snails were exposed to lead nitrate. 

LCso values for 24, 48, 72 and 96 hour were 29.31, 14.64, 12.44 and 10.50 mg PbIL 
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_DGC:tivlely. In the subchronic experiment, the snails were exposed to 0.5 mg Pb/L of lead nitrate. 

accumulation was found in different organs with the greatest accumulation in the stomach and 

m the esophagus, gill, rectum, digestive gland, proboscis and foot (Supanopas et al., 2005) 

The study by Shuhaimi-Othman and Pascoe (2007) used amphipod Hyalella azteca as their 

organism. The uptake and elimination of copper, cadmium and zinc by Hyalella azteca 

exposure to the metals singly an in various combinations was examined in controlled 

ibcntory experiments. In this study, they found that during single-metal exposures, copper, zinc 

cadmium tissue concentrations all increased with exposure duration to levels significantly 

During the depuration test in clean water, copper 

zinc only were cleared from the tissues. In the case of binary and tertiary metal mixture 

"MaliS, bioconcentration of the test metals was again increase with increased exposure 

Ira1tionto concentrations exceeding the background level in control animals. 
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CHAPTER THREE 


MATERIALS AND METHODS 


lBapie CoUection 

mla lineata samples and sediments were collected at Kampung Goebilt, Muara Tebas 

3.1). The sampling was done on September and November 2007. Nerita lineata of similar 

aDd weight was collected. Domestic wastewater samples were collected from one of the 

Lake. The point source to the lake was from activities from the Keranji Food Court. 

Figure 3.1: Sampling location of Kampung Goebilt 

The samples ofNerita lineata (n=400) were mixed with sediments during the collection and 

1l'ansported to the laboratory. At the laboratory, the Nerita lineata samples were weighed and 
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