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A battery of biomarkers shows exposure to metals and organic compounds.

Abstract

Two marine invertebrates, the crab Carcinus maenas and the clam Ruditapes philippinarum, were used as bioindicator species to assess con-
tamination when exposed in situ to sediment from different sites from four Spanish ports Cadiz (SW Spain), Huelva (SW Spain), Bilbao
(NE Spain) and Pasajes (NE Spain). In an attempt to determine sediments toxicity, a combination of exposure biomarkers was analyzed in
both species: metallothionein-like-proteins (MTLPs), ethoxyresorufin O-deethylase (EROD), glutathione S-transferase activity (GST), glutathi-
one peroxidase (GPX) and glutathione reductase (GR). In parallel, physical and chemical characterization of the different sediments was per-
formed and biological responses related to the contaminants. Significant induction of MTLPs was observed when organisms were exposed to
metal contaminated sediments (port of Huelva), and EROD and GPX activities after exposure to sediments containing organic compounds (port
of Bilbao and Pasajes). No significant interspecies differences were observed in biomarker responses except for the GST and GR.
� 2007 Published by Elsevier Ltd.
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1. Introduction

Ecotoxicological data obtained in laboratory studies is
often difficult to translate into accurate predictions of possible
effects in the field. Since both overestimation and underesti-
mation of effects may occur, laboratory biomarker results
are best validated by field research. With respect to sediment,
and especially dredged material, observations of a range of pa-
rameters in individuals sampled from the field do not necessar-
ily provide relevant information. The transplantation of caged
organisms to evaluate dredged material toxicity avoids such

drawbacks and allows field assessment to be integrated with
laboratory assessment. Prior studies include the analysis of
distinct biomarkers in caged mussels transplanted to NW Med-
iterranean sediment (Munns et al., 2002) as well as in caged
crabs and clams exposed to Spanish ports’ sediment (Martı́n-
Dı́az et al., 2005). Dredged material has been found to have
adverse environmental effects, resulting in international
treaties and protocols for their proper environmental manage-
ment. To this end, the OsloeParis Convention (OSPAR) and
Helsinki Conventions (North Sea, North-East Atlantic, Baltic
Sea) proposed guidelines to control the disposal of dredged
material. Physical and chemical characteristics of the sediment
are treated in these guidelines, together with biological effects.
Nevertheless, biological effects are focused on the measure-
ment of acute responses. The use of biomarkers for dredged
material assessment is currently under review because of the
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inherent capability of detecting early occurrence of various
stress conditions within organisms and monitoring temporal
progression (or regression) of the disturbance at various levels
of biological organization. When assessing exposure to a variety
of contaminants in the aquatic environment, biotransformation
enzymes and metal-binding proteins, metallothionein-like-
proteins (MTLPs), play an important role in organic and metal
pollutant contamination respectively.

The present study was undertaken to test the potential im-
pact of distinct contaminants present in dredged material on
the crab Carcinus maenas and the clam Ruditapes philippina-
rum in four Spanish ports (Fig. 1). Few studies have used mul-
tiple biomarkers in more than one species, to determine
sublethal effects of contaminants. In an attempt to achieve
this main objective, the following were employed: (a) Species
with differing feeding styles and distinct physiological charac-
teristics; (b) a battery of exposure biomarkers; and (c) in situ
assays. The battery of biomarkers was selected in order to

examine different defense mechanisms of the organism. The
defense mechanisms studied were: metallothionein-like-pro-
teins (MTLPs), proteins for detoxification of metal contamina-
tion; mixed function oxidase (EROD), phase I detoxification
enzyme; glutathione S-transferase (GST) phase II detoxifica-
tion enzyme; glutathione peroxidase (GPX) and glutathione
reductase (GR) antioxidant enzymes. The first of these bio-
markers has been reported to be induced by metal exposure,
while the remainder are implicated in the detoxification of or-
ganic compounds (EROD and GST) as well as the protection
of the organism against oxidative stress (GPX and GR).

2. Materials and methods

2.1. General approach

The four Spanish ports chosen (Fig. 1) for the assessment of sediment toxi-

city were as follows. The Port of the Bay of Cádiz (SW Spain): the bay of
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Fig. 1. Localization of sampling points in the Iberian Peninsula.
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