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Abstract

Minor and heavy metals Mg, Sr, Mn, Fe and Zn were measured in individual shells of four
different Nerita species collected from Phuket Island, Thailand. Shell weight and crystallography
were also recorded. Heavy metal concentrations were poorly correlated with both shell weight and
crystallography. Out of the four species, N. albicilla acquired the highest heavy metal concentrations.
Subsequently shells of N. albicilla collected from different sites around the Indian Ocean were
compared for their metal concentrations. Shells of industrial sites in Kenya and India had significantly
higher heavy metal concentrations than shells from pristine sites in Mauritius and Aldabra. Discussing
the factors that may affect the shell metal concentration, the variations encountered herein are best
attributed to the ambient bio-available metal concentration.

1. INTRODUCTION

In addition to their natural occurrence in the marine environment, heavy metals are introduced with
industrial wastewater. Recently the world has witnessed an industrial boom in developing countries,
where environmental quality standards are not well developed. This makes monitoring of heavy metals,
especially in tropical and subtropical seas a pressing necessity.

Heavy metal pollution can be monitored in seawater, sediment and biota. Seawater provides a direct
approach to detecting sources of metal pollution. However, the concentrations in seawater are usually
low and pre-concentration is needed. Also metal concentrations in seawater depend on the water type
and do not necessarily represent the metal toxicity. Therefore, comparison of metal concentrations in
different water types is not meaningful. Sediment may help in identifying industrially affected areas and
use of sediment cores may provide a historical record of the heavy metal burden. However, metal
concentrations in sediment depend strongly on the analytical method. Also the concentration depends on
many physical and chemical factors, such as sedimentation rate and organic carbon content. Besides,
metal concentrations in sediments do not represent the metal bio-availability. Biota provides a direct
measure of metal bio-availability and metals are usually accumulated (pre-concentrated) in some
organisms, which makes the analysis relatively easy. However, not all organisms accumulate metals, and
not all metal accumulating organisms can serve as bio-monitors, because some organisms are capable of
maintaining a fixed body regulated heavy metal level, irrespect of the ambient concentration..

Traditionally, talking of biological indicators automatically meant talking of soft tissue. However, heavy
metal concentrations in soft tissue depend on many Physiological, environmental and temporal factors.
Also determining a soft tissue natural wet weight is a problem. Shells on the other hand have received
much less attention than has soft tissue. However due to the numerous interactions with metal
concentration in the soft tissue, shells have been suggested as a biological condition independent
parameter of metal concentration [1-3] and thus more transparent in reflecting the ambient metal
concentration. Also assessment of metals in shells has been reported by [4] to have many advantages over
that in soft tissue; shells are more readily maintained for long periods before assay, both in the field and
laboratory, they are easy to isolate cleanly from the whole organism and problems related to depuration of
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the animal before analysis are avoided, shells may serve as a geological record of man induced changes in
metal levels in the environment [5] and the biological half life of metals in shells is much longer than that
in soft tissue [6].

Neretidae species comprise a considerable fraction of the biomass of the rocky inter-tidal habitat, in the
tropical and subtropical regions. They graze upon thin films of blue-green algae, diatoms and detritus
covering rocks in the inter-tidal zone. Through feeding and producing copious quantities of faeces,
composed largely of fine rock particles, rasped off by the radula, they contribute significantly to the
biological reworking of coastal sediments [7], and consequently to the redistribution of metals in the
rocky inter-tidal environment. They have a long life span of 3-4 years on average. Interestingly
distinguished is the N. albicilla which has an average life span of 6 - 7 years and may live up to 12
years [7].

The aim of the study was to investigate the appropriateness of shells of the Nerita family to serve as
biological indicators of heavy metal pollution in the tropical and subtropical waters. The main
objectives of the study were (i) to assess the metal concentrations and the mineralogy of shells of
different Nerita species (ii) to study the shell weight metal concentration relationship and (iii) to study the
ability of the species that turns out to be distinguished in its metal concentrations, if any, to reflect the
heavy metal environmental burden.

2. MATERIALS AND METHODS

2.1. Sampling sites

Shells were collected from five locations on the Indian Ocean (Fig. 1), Phuket Island, India, Kenya,
Mauritius and Aldabra.

Phuket Island: The sample was collected from a rock - coral platform at the southern end of Patong Bay,
off Thailand. The collection site extends in front of a hotel that discharges untreated sewage into the sea,
through a 30m pipe, which ends at a water depth of about 0.5 m at low tide. The main human impacts on
the Island are due to tourist activity, and the ongoing construction of new hotels.

India: A common feature of the Indian coast is the presence of many major river outlets and
consequently a strong sedimentation regime. The sample was collected from Quilon, State of Kerala, on
the south-western part of the Indian coast. Climate at the sampling site is typically tropical, where both
south - west and the north - east monsoons contribute to a total annual rain fall of about 1600 mm. The
main human impacts on the site are due to effluents of chemical industry and untreated sewage .

Kenya: The Kenyan continental shelf is narrow and supports fringing and patch reefs, which lie mostly
0.5-2.0 km offshore. Samples were collected from Bamburi Beach, just north of the port of Mombasa.
The common current in the area is the Eastern African Coastal Current, which flows along the Kenya
coast causing a northward water movement for most of the year. Heavy rains mainly in April and May
cause large pulses in river derived sediments. The main human impacts on the sampling site come from
the Athi drains, carrying effluents of the country's main industrial centre around Nairobi, and from the
large industrial port of Mombasa.

Mauritius: Mauritius is a small island located off the east African coast in the West Indian Ocean and
surrounded with about 150 km of fringing reef cut by surge channels and river mouths. Samples were
collected from Le Morne, on the extreme south-west coast of the island, approximately 34 km south of
the capital Port Louis. The Mauritian coast in general suffers from pesticide runoff from agricultural land,
and from suspended solids accompanying sewage outfalls on parts of the west coast. However the
samples were taken from a relatively clean site, proposed to become a marine park or a protected area.
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Aldabra: Aldabra is a coral atoll located in the west Indian Ocean between the northern tip of
Madagascar and Mombasa. Much of the coastline consists of deeply undercut limestone cliffs and a
broad inter-tidal reef flat. The atoll boasts the largest land area in the Seychelles. Samples were collected
from West Island, at the north-west of the atoll. The atoll is managed by four subcommittees under the
Seychelles Island foundation, who maintain a policy of minimum human interference. As compared to
the other sampling sites the sampling site here experiences negligible anthropogenic input.

2.2. Analytical methods

Around 20 individual shells were analysed for crystallography by X ray diffraction and for the
concentrations of Mg, Sr, Mn, Fe and Zn by atomic absorption spectrophotometry. During sample
collection damaged or heavily encrusted shells were rejected. Before analysis the shells were cleaned
with dilute hydrochloric acid and hydrogen peroxide so that any metals adsorbed onto the periostracum
are removed and only metals which are integral parts of the shell matrix would be assessed. Standards
were prepared in solutions containing aliquot weights of CaCC>3 equivalent to those of the shell weight in
the sample digests.

3. Results and discussion

3.1. Shell weight effect on the accumulation of metals

Metal concentration in the four Nerita species were plotted against shell weight and the plots showed no
significant relationship between the concentration of any metal and the shell weight in any species. This
was confirmed statistically by regression analysis, where no significant correlation coefficient was found
between any metal concentration and the shell weight in any of the four species.

3.2. Comparison between metal concentrations in the four Nerita species

Average concentrations of Mg, Sr, Mn, Fe and Zn in shells of the four Nerita species are shown in Fig. 1.
Statistical comparison of metal concentrations in the different species shells is summarised in Table 1.

100.00

0.00
Phuket India Kenia Muritius

sampling site
Aldabra

0.01 Mg 0.01 Sr i Mn Fe Zn

FIG 1. Comparison between metal concentrations (ppm) in shells of four Nerita species collected from
Phuket Island, Thailand.
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TABLE I. Statistical comparison amongst metal concentrations in the four Nerita species. Species are
given ranks in ascending order with increasing heavy metal; (Zn, Fe, Mn) concentration. Metal
concentration in all shells conformed to normal distribution and no application if paraneteruc statistics
possible and thus ANOVA followed by pairwise multiple comparison was used. Non-significantly
different species with respect to the metal rank of the shells of N. albicilla and the lowest rank of the
shells N. polita. Shells of the other two species have intermediate and similar ranks.

Species
N.albicilla
N.polita
N. costata
N. undata

Zn
2
1
2
2

Fe
2
1
1
2

Mn
3
1
2
1

Sr
1
2
3
1

Mg
2
1
2
2

THR
7
3
5
5

THR= Total Heavy Rank.

3.3. What is different about albicilla shells?

3.3.1. Crystallography?

The distribution of magnesium and strontium in shells of ninety five molluscan species, which are either
wholly aragonite or calcite [8] shows that calcitic shells have a magnesium concentration of about ten
fold that of the aragonite shells, with no overlap in the concentration range, but with some exceptions.
Strontium concentration, on the other hand, could be similar in the two crystal types, but with a tendency
of being higher in aragonite shells. Gastropod shells of the present study seem to be amongst the
exceptions with respect to magnesium. They have a high aragonite fraction (Fig. 2), but the magnesium
concentrations (Figs. 1; 3) are typical of those of purely calcite shells.

The metallic characteristics of calcium carbonate crystals might be explained on the basis of easier
substitution of the relatively small magnesium ion for the larger calcium ion in the calcite lattice, which is
isostructural with magnesite (MgCO2). Most trace metals also have smaller radii than calcium and would

polita cetiata
Ncrita spacws

undata dtxc poUta costata
Nerita species
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l%angonitf> SnMg | ca)c.:aras.

FIG 2. Average % aragonite and % calcite
four Nerita species from Phuket Island

FIG 3. Average Sr-Mg and calcitearagonite in the
ratios in the four Nerita species from Phuket Island

be expected to substitute for calcium more easily in calcitic crystals. In contrast, strontium which has a
larger radius than calcium can be incorporated more easily in aragonite which is isostructural with
strontianite (SrCO3) However, the ionic radii argument is somewhat controversial, because metals in
solution interact as hydrated ions and the hydrated ionic radii are inversely proportional to their
corresponding metallic radii [9].
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Within the four species studied herein, there is a good agreement between the concentrations of
magnesium and strontium on one side and the shell crystallography on the other. Shells of N. albicilla
and N. undata which have similar high mean concentrations of magnesium and low mean concentration
of strontium, have the highest mean calcite - aragonite ratio. Shells of N. polita which are significantly
lower than the others in their magnesium concentration have the lowest mean calcite - aragonite ratio.
Furthermore, a significant negative correlation coefficient exists between strontium - magnesium ratio
and the calcite - aragonite ratio in all the samples analysed irrespective of the species. However, the
agreement between shell crystallography and the minor metals does not seem to explain much of the
trends in trace metal concentrations. Although almost identical in crystallography as well as in
magnesium and strontium concentration, shells of N. albicilla and N. undata are very different in their
manganese concentration. Noteworthy is that manganese replaces calcium in calcite and aragonite
crystals indiscriminately [10]. According to [8], considering other factors affecting the distribution of
minor and trace metals in shells, it is not surprising that the correlation with crystal type is not especially
strong.

5.5.2. What else?

The shell growth rate has been reported as a major factor controlling its metal concentration According to
[11] the faster the growth rate of the shell the less the concentration of magnesium and manganese, and
the higher the concentration of strontium. Growth rate in turn might be affected by zonation. The lower
the animal is with respect to the shore line then the longer the submergence time, the greater the food
availability through filtration and the faster the growth rate. Nerita species are well known for then-
distinct zonation patterns. N. albicilla is a low shore species and may exist sub-tidally and N. polita is an
upper shore species. However, N. albicilla is the slowest growing and N. polita is fast growing.
Consequently, the zonation theory fails to explain the metal concentration patterns in the Nerita species.
Noteworthy is that the Nerita species are not stationary feeders but move around mainly during night
to collect their food [7] and that N. albicilla has a much longer life span than all the other species.
This may suggest genetic differences to account for the difference in growth rate and consequently for
the significantly higher metal concentrations in the shells of N. albicilla.

3.4. Comparison between metal concentrations ofN. albicilla shells from different sites on the
Indian Ocean

Having found that shells of N. albicilla acquire relatively high heavy metal concentrations, we raised the
question whether these concentrations were species specific or environmentally related. Metal
concentrations in albicilla shells collected from five different sites around the Indian Ocean (see materials
and methods) were compared. Results of the comparison are summarised in Fig. 4. and Table H

albicilla pollta costata
Nerita species

undata

O.O1 Mg 0.01 Sr M n F e Z n

FIG.4. Comparison between metal concentrations (ppm) in shells of N. albicilla from different sites on
the Indian Ocean
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TABLE II Statistical comparison amongst metal concentration in shells of N. albicilla from different
sites around the Indian Ocean. Sites are given ranks in ascending order with increasing heavy metal;
(Zn, Fe, Mn) concentration. Metal concentration in all shells conformed to normal distribution and no
metal concentration-weight interaction existed in the shells from any site. This made the application of
parameteric statistics possible and thus ANOVA followed by pairwise multiple comparison was used.
Non significantly different sites with respect to the concentration of a specific metal were given the same
rank. Clear is the highest heavy metal rank of the shells from Kenya and the lowest rank of the shels
from Aldabra. .

Site
India
Kenya
Aldabra
Mauritius
Phuket

Zn
4
5
1
2
3

Fe
4
2
2
1
3

Mn
2
4
1
2
3

Sr
2
2
1
1
1

Mg
1
2
1
2
2

THR
10
11
4
5
9

THR=Total Heavy Rank

The lowest heavy metal concentrations were found in the shells from Aldabra, a natural reserve relatively
pristine site, and the highest concentrations in the shells from Kenya and India, sites that suffer from
industrial inputs (see materials and methods).

3.5. Effect of environmental factors

The effect of environmental factors on heavy metal concentrations in shells of marine animals has been
considered by several authors. [12] ruled out the effect of temperature and salinity on the accumulation of
manganese in shells of two species of barnacles and attributed higher manganese concentration to higher
total metal concentration in the local environment. This is because manganese can be directly
incorporated into the shell, as manganese oxide, through mineralization both in the soluble and colloidal
phases. [11] studying the structural and environmental controls of trace metals in shells of five species of
barnacles, also reached a similar conclusion. According to [11] the uptake of the metal is faster when and
where the ambient concentration is higher. A similar argument has also been put forward by [13]
regarding iron.

The environmental concentration of zinc has also been suggested to affect the metal concentration in the
shell [6] mainly by inhibiting the carbonic anhydrase activity, which affects the rate of calcium deposition
for the benefit of deposition of other metals, including zinc itself. [14] reported that high concentrations
of at least the metals manganese, copper and zinc in the oyster shell are due to relatively high
concentrations of these metals in the seawater.

[15] reported a preferential accumulation of environmentally available manganese, cobalt, and lead in the
shells of Villorita cyprinoides rather than in the soft tissue
Hence, in context of the above discussion and the environmental conditions prevailing at the sampling
sites, the variations in manganese, iron and zinc concentrations in the shells of N. albicilla from the
different sites are best explained by variations in bio-availability of the metals in the sea water and reflect
the heavy metal environmental stress.
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