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Accumulation and Depuration of Lead and Chromium by Nerita lineata

Arfiziah 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
accumulation (24-96 hours) and another four days of depuration (120-196 hours). For accumulation and depuration,
the sampling of Nerita lineata 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@?ngkiran (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 atau intraselular. Bagi sampel sedimen pula, kepekatan bagi kedua-dua logam berat adalah

meningkat semasa penyerapan dan menurun semasa penyingkiran logam berat.

Kata kunci: Penyerapan, Penyingkiran, Plumbum, Kromium, Sedimen, Nerita lineata
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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 farming or recreational zones.
Atmospheric and river inputs also constitute an additional source of metal pollution along
industrialized coastlines (Radenac ef al., 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 al., 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 ar'i.s‘en (Campanella et al., 2001). For many years, assessing
the effects of various toxicants has focused on aquatic organisms (Radenac et al., 2001). Trace
metals analysis of aquatic organisms can provide important information on the degree of
environmental contamination and potential impact of seafood consumption (Ip et al., 2005)
Gastropods are example of aquatic organisms that have been widely used for toxicity

ies. The gastropods, for example, snails and slugs, are generally characterized by a single shell,



and an asymmetric body. The shell has been totally lost, or reduced in slugs while
slugs crawl slowly, mainly using waves of muscular contraction of the single foot
2000). Molluscs belong to the class of Gastropods. Since there are plenty species
inhabit estuaries and rivers and it is easily obtained, numerous studies have aimed at
the bioaccumulation and effects of various toxicants in these animals. According to
), most marine invertebrate species have been proposed as ‘toxicity tests’. Marine
rine species that are commonly used for testing the toxicity of chemicals and aquatic
n quality are rotifers (Brachionus plicatilis), crustaceans (copepods (Acartia tonsa),
¢ shrimps (4rtemia salina) and mysids (Mysidopsis bahia)) and bivalves (oysters (Crassostrea
els (Mytilus edulis)).
neata is a type of gastropod that can be found in Sarawak and locally known as
’ or ‘tekoyong perempuan’. These gastropods snails are abundantly distributed around the
ung Goebilt, Muara Tebas and Bako. Nerita is notable for their smooth, oval and
ed shells. The mouth is characteristically semi-circular with a calcareous operculum.
h in species, as they can live in the sea, brackish or fresh waters. Nerita lineata can
yuished by its large, thick shell with pronounced spiral cords. These gastropods
. commonly inhabit tree trunks on the back-side mangroves (Tam and Wong, 2000). The
for choosing Nerita lineata aseghjoindicator species for toxicity is because of its high
' and have long life times, around two to three weeks.
it (1977) defined ecotoxicology as the branch of toxicology concerned with the study
caused by natural or synthetic pollutants, to the constituents of ecosystems, animal
man), vegetable and microbial, in an integral context (Forbes and Forbes, 1994). The

of ecotoxicology is the evaluation of risk for an ecosystem exposed to the



cluding contamination. During the past decades the results of biological

tress have been used as references to determine the expected biological

types of aquatic organisms that have been used to test the levels of metals

it. It includes invertebrates such as molluscs, mussels, oysters, water flea



CHAPTER TWO

LITERATURE REVIEW

als are defined as metals with specific gravity greater than 5. The definition is
r arbitrarily chosen physical parameter and consequently includes with widely
properties. This includes the lanthanides and actinides which are not usually
etals’ when their chemistry is considered (Martin and Coughtrey, 1982).

ing to Depledge ef al. (1994), the separation of metals into class A, borderline and
‘proposed by Nieboer and Richardson (1980) is a very useful guideline to define
le 2.1). However, ecotoxicologist define heavy metals as metals that have been
environmental problems. There are Cd, Hg, Zn, Sn, Cu, Ni, Cr, Pb, Co, V, Ti, Fe,
The metalloids, As and Se are also included.

etals can be neither degraded nor metabolized. Metals are one example of ultimate
st elemental metals do not easily enter living organism but metals can form both
nic compounds, which may differ in their access and effects on living organisms

-

toxicity is the characteristic of metals. According to Uluozlu et al. (2007),
be classified as potentially toxic. Toxic elements can be very harmful even at low
hen ingested over a long time period. Silver (Ag), cadmium (Cd), chromium (Cr),
and lead (Pb) are examples of toxic elements. All of these elements are ubiquitous in

st a trace concentration in the environment. These elements may accumulate to a toxic



n cause ecological problem in certain environment condition. Some instance
s with a high concentration of particular toxic elements, resulting in the
iota as well as water (Freedman, 1989). However, some metals are required
biological system. In this situation, the metals are required only in trace
) an integral part of specific biological molecules such as hemoglobin and
. tain iron (Fe) and Vitamin B, which contain cobalt (Co). All these metals are
te their functions (Kotz et al., 2006).

‘heavy metals can be divided into two groups which are natural sources and
Most of the natural sources of heavy metals are diffuse sources such as
1 weathering of rocks while the anthropogenic sources of heavy metals in the

human activities such as mining, intensive aquaculture and municipal

d effluents harbor activities, urban and agricultural runoff along major rivers,

(Dalman et al., 2006).

2.1: The separation of some essential and non-essential metal
0 class A, class B and borderline elements based on the
ion scheme of Nieboer and Richardson (1980)

Borderline Class B
Zinc“‘ Cadmium
Lead Copper
Iron Mercury
Chromium Silver
Cobalt

Nickel

Arsenic

Vanadium




) is naturally occurring element found in rocks, animals, plants, soils and
. Chromium is present in the environment in several different forms. The
: Cr (0), Cr (ITI) and Cr (VI). Chromium compound has no odor or taste.
uses metal chromium (chromium (0)) form for making steel. In the
? y, other metals are coated with a chromium layer (chrome plating) in an
slhoter and Bianchi, 1991). Further application of chromium compounds
and pigments, leather and tanning and also wood preservatives (McGrath,
-

_-’_midered to be essential to a part of the living organisms, for example, as
e chromium (BAC). This BAC is important for metabolism of glucose. A
| in animals can cause diabetes, arteriosclerosis, growth problems and also

er and Bianchi, 1991). The normal dietary intake of chromium for humans

mium can give toxic effect if present in organisms in excess such as Cr (VI).
s of Cr (VI) can cause irritation to the nose as well as lung cancer while

its of Cr (VI) can cause ulcers, convulsions, kidney and liver damage and even






