
Biomarkers Study for Sediment Quality Assessment in Spanish Ports Using the
Crab Carcinus maenas and the Clam Ruditapes philippinarum

M.L. Mart�n-D�az,1,2 J. Blasco,2 D. Sales,3 T.A. DelValls1

1 Departamento de Qu�mica F�sica, Facultad de Ciencias del Mar y Ambientales, Pol�gono R�o San Pedro s/n. 11510 Puerto Real, C�diz, Spain
2 Consejo Superior de Investigaciones Cient�ficas, Instituto de Ciencias Marinas de Andaluc�a, Pol�gono R�o San Pedro s/n. 11510 Puerto Real, C�diz, Spain
3 Departamento Ciencias Ambientales y Tecnolog�a de los Alimentos, Facultad de Ciencias del Mar y Ambientales, Pol�gono R�o San Pedro s/n. 11510
Puerto Real, C�diz, Spain

Received: 20 June 2006 /Accepted: 21 January 2007

Abstract. Intermolt crab Carcinus maenas and clam Ruditapes
philippinarum were used to determine the toxicity of sedi-
ments collected in four Spanish ports (C�diz, Huelva, Pasajes,
and Bilbao) under laboratory conditions during 28 days. Sed-
iment samples were analyzed to determine chemical concen-
tration of metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, and Zn),
polyaromatic hydrocarbons, polychlorinated biphenyls, grain
size distribution, and organic matter content. Different bio-
markers of exposure of early biological stress were determined
after 28-day exposure in crabs and clams, in the hepatopan-
creas and in the digestive gland, respectively: metallothionein,
ethoxyresorufin O-deethylase (EROD), glutathione peroxidase
(GPX), glutathione S-transferase (GST), and glutathione
reductase activities (GR). The battery of biomarkers tested
resulted in showing and linking the bioavailability of various
contaminants and sediment characteristics to the toxicity of the
different sediments. Significant induction of MTs was ob-
served when organisms were exposed to metal-contaminated
sediments (port of Huelva), and induction of EROD and GPX
activities after exposure to sediments containing organic
compounds (port of Bilbao and Pasajes). Higher induction was
shown in biomarkers tested in crabs; nevertheless, only inter-
species significant differences were observed in the induction
of GR and GST activities. The present work confirms the
necessity of using species with different ecological lifestyles
for sediment toxicity assessment and validates the use of this
set of biomarkers as a potential tool in sediment toxicity
assessment.

Recently, the biomarkers approach has been incorporated into
several pollution-monitoring programs in Europe and North
America. Likewise, different methods for biological effects
measurement have been evaluated in a series of practical
workshops organized by the International Council for the

Exploration of the Sea (ICES) and the Intergovernmental
Oceanographic Commission (IOC), such as those in the North
Sea (WHO Program). The United Nations Environment Pro-
gram has founded a biomonitoring program in the Mediterra-
nean Sea including a variety of biomarkers (Suter 1993).
Recently, biomarkers have also been included in the Joint
Monitoring Program of the Protection of the Marine
Environment of the North-East Atlantic (OSPAR) convention
of which Portugal and Spain are members. Nevertheless, the
biomarkers approach has not been included in the guidelines
for the management and monitoring of dredging and disposal
activities. The current guidelines for control of these activities
are based on several approaches that take into account chem-
ical measurements, analysis of benthic communities, and
exposure experiments. Very few approaches have already been
studied about the inclusion of biomarkers for dredged material
assessment in new guidelines.

Ecotoxicity studies based on biomarkers allow the determi-
nation of the impact of environmental stressors and facilitate
following the evolution of the ecosystem towards degradation or
restoration (Vasseur and Cossu-Leguile 2003). Indeed, in
addition to their use as simple indices of exposure and effects to
specific pollutants, biomarkers can provide insight into eco-
system health. Biomarkers are used to characterize both the
‘‘exposure’’ to specific classes of chemicals and different ‘‘ef-
fects’’ experienced by organisms (OSPAR 1995). An important
advantage of biomarkers in assessing the impact of dredged
materials is their inherent capacity to detect early biological
effects within the organism and to monitor the temporal pro-
gression (or regression) of the disturbance of various levels of
biological organization (Van der Oost et al. 2003).

The use of biomarkers for the evaluation of the toxic po-
tential of sediments follows the identification of appropriate
(i.e., sentinel) species for the environmental compartment
under study. Both the fresh and seawater protocols recommend
that three species, representing different phyla (when possi-
ble), be tested for water-column effects and that three different
‘‘life history strategies,’’ or perhaps more appropriately, three
ecological lifestyles (filter feeding, deposit feeding, burrow-
ing) be used to assess sediment effects (Rodr�guez-OrtegaCorrespondence to: M.L. Mart�n-D�az; email: laura.martin@uca.es
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et al. 2003). In this sense, mollusks and crustaceans, particu-
larly bivalves and crabs, respectively, have assumed a signif-
icant role in assessing levels of contaminants worldwide.
Various studies have already been developed with these groups
of species to assess dredged material through the use of dif-
ferent biomarkers (e.g., de Lafontaine et al. 2000; Fossi et al.
1998; Regoli et al. 2002).

In the present study, a battery of biomarkers of exposure of
early biological effects or defense (Gagn� and Blaise 2004) to
metals and to organic trace pollutants (Van der Oost et al.
2003) were utilized for the characterization of dredged mate-
rial from four Spanish ports in the female crab Carcinus
maenas and the clam Ruditapes philippinarum. The biomar-
kers used were as follows: metallothioneins (MTs), proteins
for detoxification of metal contamination; ethoxyresorufin
O-deethylase (EROD), phase I detoxification enzyme impli-
cated in mono-oxygenation reactions of dioxins and polyaro-
matic hydrocarbons (PAHs); glutathione-S-transferase (GST)
phase II detoxification enzyme but also implicated in oxidative
stress events; glutathione peroxidase (GPX) and glutathione
reductase (GR), antioxidant enzymes. This battery of bio-
markers encompasses the biochemical responses to exposure
to metals and organic compounds, and reveals environmental
bioavailability of these compounds and the possible adverse
effect on the organisms. The toxic potential of dredged sedi-
ments was determined under strict laboratory conditions to
permit spatial comparison of sediment quality by controlling
various abiotic and biotic factors. The battery of biomarkers,
which encompasses the biochemical responses to exposure to
metals and organic compounds, was tested and the potential
toxicity of dredged material from Spanish ports was analyzed
together with sediment chemical characterization. Differences
between responses of the two bioindicator species utilized
were also discussed.

Materials and Methods

Identification of Study Sites for Sediment Collection

The four Spanish ports chosen for the assessment of sediment toxicity
were those described in Figure 1: the Port of C�diz (SW, Spain): the
port of C�diz has been widely studied (DelValls et al. 1998), and it is
characterized by the absence of significant contamination; the sam-
pling sites corresponding to this port were Ca1 (negative toxicity
control), Ca2, Ca3, and Ca4. The Port of Huelva (SW, Spain): it is
characterized by heavy metal contamination resulting from mining
and industrial operations; the sampling sites corresponding to this port
were Hu1, Hu2, and Hu3. The Port of Bilbao (NNE, Spain): this port
is characterized by high shipping activity; it is predominantly asso-
ciated with organic contamination, especially by hydrocarbons; the
sampling sites corresponding to this port were Bi1, Bi2, and Bi3. The
Port of Pasajes (NNE, Spain): this port is also characterized by high
shipping activity, resulting in organic contamination as in the Port of
Bilbao; the sampling sites corresponding to this port were Pa1, Pa2,
and Pa3. In the present study, Aznalc�llar mining spill mud, collected
after the Aznalc�llar mining spill (April 1998, SW Spain) and char-
acterized by high concentrations of metals (G�mez-Parra et al. 1998),
was used as positive toxicity control for intersediment comparison, in
a proportion of 30% dry weight of toxic mud. This positive toxicity
control has been widely characterized and utilized in different toxicity
tests performed by Riba et al. (2004a, 2004b).

Selection of Organisms

Two different species with different ecological lifestyles were used:
the crab C. maenas (deposit feeder) and the clam R. philippinarum
(filter feeder). These species are widely studied and have already been
used in the biomonitoring of contaminated sites. They have been
widely and successfully used as indicator organisms for monitoring
polluted environments. Biochemical changes (biomarkers: metallo-
thioneins and enzymatic activities) measured in these organisms have
resulted in being sensitive to contaminants in water and sediment
(Hoarau et al. 2004; Orbea et al. 2002; Astley et al. 1999).

In the present experiment, individuals of the intermolt female
C. maenas and R. philippinarum, of standardized size (Mart�n-D�az
et al. 2004, 2005) were purchased from an aquaculture farm. The farm
was located in a clean site of the coast. Crabs and clams were accli-
matized before assay development for 2 weeks in the same conditions
the bioassay was performed.

Sample Collection

Surface sediment samples (5–10 cm) were collected at five different
Spanish Ports with a 0.025 m2 Van Veen grab. Samples were brought
to the laboratory and subsampled for physical–chemical character-
ization. Then, sediment samples were sieved through a 0.5-mm mesh
into a tank in order to remove any associated macrofauna and larger
sediment particles. They were kept at 4�C in dark until use in expo-
sure experiments.

Exposure Experiment

Individuals (n = 10) were exposed to the different sediments for 28
days (long-term toxicity test). Each sediment samples were tested per
duplicate in 20-L glass aquaria. The tests were carried out in whole
sediment using a 1:4 v/v sediment:water relation containing a layer of
6-cm sediment and with constant aeration. The temperature
(15�C € 1�C), pH (7.8–8.2), salinity (33.8 € 0.3), and dissolved oxy-
gen (>5 mgÆL)1, 60% saturation) were measured and controlled every
day. Clams and crabs were respectively fed an algae preparation and
frozenmussels every 3 days, respectively, always prior to water change.

Chemical Analysis of Sediments

Analyses of sediment (chemical and physical) were performed per
replicate according to Spanish recommendations for dredged material
before starting the experiment. The dry weight fraction was measured
using the weight loss at 105�C. In order to perform the rest of the
analyses, sediments were dried at 40�C during 24 h. Grain size dis-
tribution followed UNE 103 101. Metal content in the different sed-
iments was determined following methods reported by Riba et al.
(2002a, 2002b); polychlorinated biphenyl (PCB) (congeners #28, 52,
101, 118, 138, 153, and 180) and PAH content was analyzed
according to U.S. EPA SW-846 method 8270/8082. All the analytical
procedures were checked using reference material (MESS-1 NRC and
CRM 277 BCR, for heavy metals and NCR-CNRC HS-1 for organic
compounds) and allowed agreement with certified values higher than
90%.

Biochemical Analysis

Intermolt female crabs C. maenas and clams R. philippinarum were
sampled on day 28 for biochemical analysis. After dissection, hepa-
topancreas and digestive gland from crabs and clams, respectively,
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were kept at –80�C prior to homogenization. The samples were
homogenized following the procedure developed by de la Lafontaine
et al. (2000). Once samples were homogenized, those for enzymatic
activity determination were centrifuged at 10,000g for 30 min, and the
supernatant was extracted for the determination of enzyme activity
and total protein content. Samples obtained to determine metallothi-
oneins content were centrifuged at 28 000g for 40 min. The super-
natant was utilized for total protein determination according the dye-
binding principle (Bradford 1976).

Biomarker Determinations

Metallothionein (MT) concentration in tissues were determined by
Anodic Stripping Voltammetry (ASV) (Olafson and Olsson 1987).
Briefly, 0.1 mL of the supernant (homogenate 28,000g for 40 min)
was added to 0.9 mL of NaCl (0.9%), heated to 95�C for 4 min, then
centrifuged at 10,000g for 15 min at 4�C. The supernatant was stored
at –80�C prior to MT concentration determinations using purified
rabbit metallothionein (Sigma-Aldrich). MT concentrations were ex-
pressed as lg MT mg)1 total protein. Mixed function oxidize activity
was measured using the adapted EROD assay initially adapted for
fingerling rainbow trout (Gagn� and Blaise 1993). Briefly, 50 lL of
supernatant (homogenate 10,000g for 30 min) were added to 10 lM

7-ethoxyresorufin and 10 lM reduced NADPH in 100 mM KH2PO4

buffer (pH 7.4). The reaction was started by the addition of NADPH,
allowed to proceed for 60 min at 30�C, and stopped by the addition of
100 lL of 0.1 M NaOH. The formation of 7-hydroxyresorufin was
determined fluorometrically using 520 nm (excitation) and 590 nm
(emission) filters. 7-Hydroxyresorufin in the samples was achieved
through a standard calibration curve developed with concentrations of
7-hydroxyresorufin. Results were expressed as (pmol min)1 mg)1

total protein). The procedure utilized for the determination of gluta-
thione S-transferase activity was adapted from the method of
McFarland et al. (1999). The activity was analyzed using 42 mM
1-chloro-2,4-dinitrobenzene (CDNB) and 1 mM glutathione (GSH) as
substrates and measured spectrophotometrically at 340 nm every 30
seconds for 3 min. Results were expressed as (nmol min)1 mg)1 total
protein). The methodology used for the determination of glutathione
peroxidase activity was also that adapted from McFarland et al.
(1999). Briefly, GPX activities were measured spectrophotometrically
at 340 nm every 2 min for 10 min, using as substrate 1 mM cumene
hydroperoxide. Results were expressed as (nmol min)1 mg)1 total
protein). GSH reductase activity was measured using the GR assay
(McFarland et al., 1999). This activity was determined using 10 mM
oxidized GSH as substrate and determined spectrophotometrically at
340 nm every 2 min during 10 min. Results were expressed as (nmol
min)1 mg)1 total protein).
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Fig. 1. Map showing the sites selected
in this study and the localization of the
stations in the Iberian Peninsula
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Statistical Analysis

Different biomarkers responses were analyzed by using SPSS/PC+
statistical package. Significant differences between individuals ex-
posed to control sediment and individuals exposed to contaminated
ones were determined using a one-way analysis of variance followed
by a multiple comparison of Dunett's tests. The significance level was
set at p < 0.05.

Factorial analysis was also performed in order to determine the
major responses in respect to sediment contaminants levels. A MAA
(factor analysis using the Principal Component Analysis (PCA)
extraction procedure) was applied to the original set of variables by
using the STATISTICA/PC+ statistical package. The factor analysis
was performed on the correlation matrix; i.e., the variables were auto-
scaled (standardized) so as to be treated with equal importance
(DelValls and Chapman 1998). All analyses were performed using the
PCA option of the FACTOR procedure, followed by the basic set-up
for factor analysis procedure (P4M) from the BMDP statistical soft-
ware package (Frane et al. 1985).

Correlation between chemical concentrations in sediments and
interspecies biomarker responses was undertaken using a Pearson
correlation analysis by using SPSS/PC+ statistical package. The level
of significance was set at p < 0.05.

Results

Chemical Concentration in Sediment

Table 1 shows the metal (As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb,
Zn) and organic content (PCBs and PAHs) in the different
sediments collected in the four ports located in the coast of
Spain. It also shows the summarized results of conventional
sediment parameters such as organic matter and grain size
percentages (% fines, % sand, % graves).

The chemical characterization of the sediment samples
indicated that sediments contained mixtures of contaminants
(metals, PCBs, and PAHs). Furthermore, the summarized re-
sults of sediment conventional parameters (Table 1) such as
organic matter and grain size percentages were found to be
variable, depending on the sediment and area of concern.

Sediments from the port of Huelva were characterized by high
concentrations of metals as As, Cu, Pb, Zn, Ni, and Cd.
Nevertheless, sediments from the ports of Pasajes and Bilbao
were mostly characterized by contamination due to PCBs and
PAHs, although contamination by metals as Cr, Mn, Ni, Pb,
and Hg was also found. Sediments from the port of Cadiz were
not found to be highly contaminated, and they were validated
as a good negative toxicity control for the development of the
present experiment, especially sediments from the site Ca1.

Metallothionein (MT) Concentration

MT concentrations determined in R. philippinarum digestive
gland and female C. maenas hepatopancreas exposed to toxic
mud from four Spanish ports during 28 days are shown in
Figure 2. In clams, MT concentrations increased significantly,
after the 28-day exposure period, in Hu1 (3.12-fold control)
(p < 0.05), toxic mud (TM) (3.04-fold control) (p < 0.05), Hu2
(2.83-fold control) (p < 0.05), Ca4 (2.81-fold control) (p <
0.05), Pa1 (2.76-fold control) (p < 0.05), Ca3 (1.86-fold con-
trol) (p < 0.05), Bi3 (1.82-fold control) (p < 0.05), and Bi1
(1.36-fold control) (p < 0.05).

As for concentrations determined in clams, in crabs a sig-
nificant increase was also shown over time in crabs exposed to
Hu2 (12.58-fold control) (p < 0.05), Hu3 (4.43-fold control)
(p < 0.05), Hu1 (3.82-fold control) (p < 0.05), Ca4 (2.63-fold
control) (p < 0.05), TM (2.40-fold control) (p < 0.05), Bi3
(2.25-fold control) (p < 0.05), Ca3 (2.06-fold control) (p <
0.05) and Pa1 (2.03-fold control) (p < 0.05).

Ethoxyresorufin O-deethylase (EROD) Activity

EROD activity determined in female crab C. maenas and the
clam R. philippinarum after exposure period are found in
Figure 2. In exposed clams, significant induction was observed
in comparison with control individuals exposed to Pa2 (1.64-
fold control) (p < 0.05), Pa3 (1.51-fold control) (p < 0.05), Pa1
(1.46-fold control) (p < 0.05), Bi1 (1.44-fold control) (p <

Table 1. Summarized results of grain size, organic matter (%), and the concentration of chemicals, 10 metals and two kinds of organic
compounds polycyclic aromatic hydrocarbon [PAHs] and polychlorinated biphenyl [PCBs] analyzed in different sediments collected in four
Spanish Ports

Site %Graves %Sand %Fines %OM As Cd Cr Cu %Fe Hg Mn Ni Pb Zn PCB PAH

CA1 0.19 99.771 0.042 1.07 3.421 0.923 0.101 6.681 43.865 0.052 85.871 0.062 2.279 21.265 0.01 0.01
CA2 0.051 40.423 59.528 13.75 30.768 1.324 14.937 202.802 26.502 1.976 201.602 20.144 86.902 378.252 0.11 0.11
CA3 0.304 17.803 81.903 20.30 16.607 1.226 8.427 46.756 19.627 0.277 294.402 16.902 17.612 135.502 0.01 0.01
CA4 0.031 0.382 99.586 24.33 7.813 1.247 14.221 32.064 23.001 0.045 406.503 21.246 5.144 65.673 0.01 0.01
HU1 0.071 9.708 90.223 20.27 839.950 4.349 32.892 1938.502 65.747 2.378 383.304 34.568 383.101 2458.002 0.01 0.01
HU2 0.187 56.006 90.213 10.64 532.276 2.504 24.101 149.704 57.126 1.987 303.601 7.101 384.703 1857.003 0.01 0.01
HU3 0.025 16.128 43.946 6.30 272.778 1.318 8.132 772.504 41.248 1.203 354.446 128.552 217.604 1176.00 0.01 0.01
BI1 2.389 20.276 77.327 14.81 67.258 2.002 18.272 102.603 32.203 0.744 109.048 26.389 68.256 476.103 0.11 0.00
BI2 38.123 14.481 47.402 15.07 104.490 2.003 23.113 204.104 42.004 1.432 396.603 32.001 147.503 777.504 0.23 66.77
BI3 0.186 6.224 93.587 16.73 21.707 0.041 3.481 23.027 16.979 0.178 191.352 15.718 285.902 122.352 0.01 13.90
PA1 0.843 28.865 70.286 14.43 39.133 0.682 26.734 158.103 33.404 1.069 140.053 33.489 40.704 1085.002 0.61 0.01
PA2 3.666 5.078 91.237 18.47 28.758 0.704 23.4172 167.102 31.803 1.289 180.001 28.476 293.704 763.004 0.74 1.06
PA3 1.82 38.53 59.651 19.81 23.779 0.0337 18.614 162.504 22.001 1.358 152.499 19.615 246.003 576.004 0.24 0.26
TM 0.20 7.80 92.003 1.10 1234.004 13.681 25.302 643.703 13.603 2.014 230.003 42.504 2615.001 6635.002 0.09 0.04

Chemical concentrations are expressed as mg Æ kg)1.
OM organic matter
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Fig. 2. Representation of metallothionein (MT)
concentration, ethoxyresorufin
O-deethylase (EROD), glutathione-S-transferase
(GST), glutathione reductase (GR), and
glutathione peroxidase (GPX) activities
determined in digestive gland of Ruditapes
philippinarum and hepatopancreas of Carcinus
maenas after a 28-day exposure period to
sediments from the port of Cadiz (Ca1, Ca2,
Ca3, Ca4), the port of Huelva (Hu1, Hu2, Hu3),
the port of Pasajes (Pa1, Pa2, Pa3), and the port
of Bilbao (Bi1, Bi2, Bi3). The line represents the
average value for each biomarker and species
that correspond to the negative toxicity control
(Ca1). Bars indicate the biomarker responses
(mean values € standard deviation). Asterisks
(*) represent significant induction (p < 0.05)
compared with control treatment
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0.05), Bi2 (1.39-fold control) (p < 0.05), Bi3 (1.35-fold con-
trol) (p < 0.05) and TM (1.23-fold control) (p < 0.05).

Significant induction was also observed in crabs exposed to
Pa3 (1.97-fold control) (p < 0.05), Pa2 (1.86-fold control) (p <
0.05), Ca3 (1.77-fold control) (p < 0.05), Hu3 (1.72-fold
control) (p < 0.05), Bi2 (1.71-fold control) (p < 0.05), Bi1
(1.67-fold control) (p < 0.05), Bi3 (1.42-fold control) (p <
0.05), Pa1 (1.4-fold control) (p < 0.05) and Ca2 (1.36-fold
control) (p < 0.05).

Glutathione S-transferase (GST) Activity

Enzymatic activity of glutathione S-transferase determined in
female crab C. maenas and in the clam R. philippinarum are
shown in Figure 2. For the exposed clams, significant induc-
tion was determined in Ca3 (2-fold control) (p < 0.05), Pa2
(1.74-fold control) (p < 0.05), Hu2 (1.44-fold control) (p <
0.05) and Bi1 (1.44-fold control) (p < 0.05).

Significant differences with control crabs were measured in
Hu1 (3.52-fold control) (p < 0.05), Ca2 (3-fold control) p <
0.05), Hu2 (2.37-fold control) (p < 0.05), Ca3 (2.19-fold
control) (p < 0.05), Hu3 (2.14-fold control) (p < 0.05), Bi1
(1.97-fold control) (p < 0.05), Ca4 (1.58-fold control) (p <
0.05), and Pa1 (1.56-fold control) (p < 0.05).

Glutathione Reductase (GR) Activity

Glutathione reductase activities determined in female crab
C. maenas and in the clam R. philippinarum over time are
described in Figure 2. Significant differences compared with
control were determined in clams exposed to Ca3 (8.45-fold
control) (p < 0.05), Ca4 (6.79-fold control) (p < 0.05), Pa3
(5.84-fold control) (p < 0.05), and Ca2 (5.18-fold control) (p <
0.05). On the other hand, no significant differences were ob-
served in this activity induction between control and toxic
mud-exposed female crabs.

Glutathione Peroxidase (GPX) Activity

GPX activity measured in the clam R. philippinarum and the
female crab C. maenas over time are expressed in Figure 2.
Significant induction was also shown in comparison with
control in clams exposed to Pa3 (4.34-fold control) (p < 0.05),
Pa1 (4.09-fold control) (p < 0.05), Bi3 (3.58-fold control) (p <
0.05), Bi1 (2.22-fold control) (p < 0.05), TM (1.92-fold con-
trol) (p < 0.05), Pa2 (1.60-fold control) (p < 0.05), Hu3 (91.51-
fold control) (p < 0.05) and Bi2 (1.47-fold control) (p < 0.05).
Crabs exposed to different dredged material, showed signifi-
cant differences with control in those exposed to sediment
from Bi1 (1.54-fold control) (p < 0.05), Pa1 (1.35-fold control)
(p < 0.05), Bi3 (1.34-fold control) (p < 0.05), Bi2 (1.23-fold
control) (p < 0.05), Hu3 (1.23-fold control) (p < 0.05), Ca2
(1.22-fold control) (p < 0.05), Ca4 (1.20-fold control) (p <
0.05), Pa3 (1.19-fold control) (p < 0.05), Ca3 (1.19-fold con-
trol) (p < 0.05), and Hu2 (1.15-fold control) (p < 0.05).

Link Between Chemical Concentration and Effect

For a better understanding of the relationship between chem-
ical concentration and the biomarkers determined in different
tissues (hepatopancreas in crabs and digestive glands in
clams), potential correlation between chemical concentration,
MT concentrations, and enzymatic activities (EROD, GST,
GPX, and GR) were examined for each species. Two multi-
variate analysis approaches (MAA) were applied to the
chemical concentration in sediments from the different ports in
association with adverse biological effect variables, the con-
centration of MTs and the enzymatic activities registered on
day 28, in female crabs and in clams exposed to 14 sediment
samples. The MAA was performed using the set of data
obtained for the 14 cases defined by the different sampling
sites (Ca1 (negative toxicity control), Ca2, Ca3, Ca4, Hu1,
Hu2, Hu3, Bi1, Bi2, Bi3, Pa1, Pa2, Pa3, and TM (positive
toxicity control). Five variables were utilized (MT, EROD,
GST, GPX, and GR), which correspond with biomarkers
determination after 28 days of exposure and 16 variables
(%Graves, % Sand, %Fines, % Organic Matter, As, Cd, Cr,
Cu, Fe, Hg, Mn, Ni, Pb, Zn, PCBs, and PAHs) related to
physical–chemical characterization of the sediment. In total,
we applied the MAA on 21 variables for 14 cases.

After the MAA was undertaken, the original variables could
be described by three new variables or factors (Table 2 and 3)
for each species. The criteria selected to interpret a variable
associated with a particular factor was a loading of 0.4 or
higher; this approximates Comrey's (1973) cut-off of a 0.7 or
higher for a good association between an original variable and
a factor, and also takes into account discontinuities in the
magnitudes of the loadings of the original variables. Each
component is described according to the dominant group of
variables. The different components for each species are de-
scribed here.

Concerning the clam R. philippinarum exposed to different
sediments (Table 2):

� The first principal factor, #1, accounts for 32% of the
variance and combines the MT induction after 28 days of
exposure with metal concentration in the sediment of
different sites (As (p < 0.01), Cd (p < 0.01), Cr (p <
0.01), Cu (p < 0.05), Fe (p < 0.01), Mn (p < 0.05), Pb (p
< 0.01), Zn (p < 0.01) and Hg). This factor can be
defined as induction of MTs by exposure to metals.

� The second factor, #2, accounts for 16% of the variance
and associates variables describing the induction of
enzymatic activities GST, GR, and MTs; concentrations
of the metals Cr and Mn; and the percentage of fines.
The only significant relationship was observed between
MTs induction and the metals Cr (p < 0.01) and Mn (p <
0.05).

� The third factor, #3, accounts for 15% of the variance
and reveals the direct relationship of the induction of
EROD and GPX, and the presence of PAHs and PCBs in
the sediment. This relationship was significant between
EROD and PCBs (p < 0.01); and GPX and PCBs (p <
0.05).
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Concerning the crab C. maenas exposed to different dredged
material (Table 3):

� The first principal factor, #1, accounts for 32% of the
variance and associates the MT induction on day 28 with
metal concentrations of As (p < 0.05), Cd, Cr, Cu, Fe, Hg
(p < 0.05), Pb, and Zn present in the different sediments.
It is defined as a factor related to induction of MTs by
sediment-bound metals.

� The second factor, #2, accounts for 18% of the variance
and associates variables describing the induction of
enzymatic activities GST and MTs on day 28 as a result
of metal content of Cr, Cu, Hg, and Mn and% fines. This
relationship was significant between GST, Cu (p < 0.01),
Hg (p < 0.05), and Mn (p < 0.05); and for MTs and Mn
(p < 0.05).

� The third factor, #3, accounts for 16% of the variance
and reveals the direct relationship between the induc-
tion of GPX, EROD, and GR on day 28 and the
concentration of PAHs and PCBs. The only significant
relationship was achieved between EROD and PCBs
(p < 0.01).

Interspecies Biomarker Response Correlation

Table 4A–E shows the correlation between species for each
biomarker determined after a 28-day exposure period to the
Spanish ports sediments. The biomarkers responses between
species followed a similar trend; nevertheless, the only sig-
nificant correlation between biomarker responses in clam and
crabs was found for EROD (p < 0.01), MTs (p < 0.01), and
GPX (p < 0.05).

Discussion

In the present study, different biomarkers were determined in
the clam R. philippinarum and the female crab C. maenas in
order to validate the use of this battery of biomarkers to assess
exposure to contaminants in sediments collected from several
Spanish ports. The biomarkers utilized in this work indicated
exposure to pollutants through a warning response of defense
that might have effect consequences and affect other levels of
the biological community.

Among the exposure biomarkers tested, the MT concentra-
tion showed a significant (p < 0.05) induction in individuals

Table 2. Sorted rotated factor loadings (pattern) of 66 variables for
the three principal factors resulting from the multivariate analysis of
results obtained from Ruditapes philippinarum.

R. philippinarum Factor 1 Factor 2 Factor 3

%Variance 31.70 15.59 15.08
GST28 — 0.55 —
GPX28 — — 0.52
GR28 — 0.45 —
MT28 0.49 0.49 —
EROD28 — — 0.83
%Graves — — 0.66
%Sand — )0.74 —
%Fines — 0.90 —
%OM — 0.79 —
As 0.96 — —
Cd 0.89 — —
Cr 0.60 0.46 0.40
Cu 0.63 — —
Fe 0.97 — —
Hg 0.72 — —
Mn — 0.41 —
Ni — — —
Pb 0.85 — —
Zn 0.96 — —
PCBs — — 0.71
PAHs — — 0.62

The variables utilized were the biomarkers of exposure (metallothi-
oneins [MT], ethoxyresorufin O-deethylase [EROD], glutathione
peroxidase [GPX], glutathione reductase [GR], and glutathione-
S-tranferase [GST] determined after a 28-day exposure period in the
laboratory); metal content in the sediment; organic compounds
content, sediment characteristics (grain size, organic matter [MO].
Only loadings >0.4 are shown in the table. Factors (#) are numbered
consecutively from left to right in order of decreasing variance.

Table 3. Sorted rotated factor loadings (pattern) of 66 variables for
the three principal factors resulting from the multivariate analysis of
results obtained from Carcinus maenas.

Carcinus maenas Factor 1 Factor 2 Factor 3

%Variance 31.59 17.81 15.81
GST28 — 0.56 —
GPX28 — — 0.67
GR28 — — 0.4
MT28 0.65 0.31 —
EROD28 — — 0.73
%Graves — — 0.71
%Sand — — —
%Fines — 0.68 —
%OM — 0.60 —
As 0.89 — —
Cd 0.95 — —
Cr 0.41 0.66 —
Cu 0.34 0.63 —
Fe 0.95 — —
Hg 0.53 0.52 —
Mn — 0.71 —
Ni — — —
Pb 0.97 — —
Zn 0.98 — —
PCBs — — 0.68
PAHs — — 0.50

The variables utilized were the biomarkers of exposure (metallothi-
oneins [MT], ethoxyresorufin O-deethylase [EROD], glutathione
peroxidase [GPX], glutathione reductase [GR], and glutathione-S-
tranferase [GST], determined after 28-day exposure period in the
laboratory and); metal content in the sediment; organic compounds
content, sediment characteristics (grain size, organic matter (MO).
Only loadings greater than 0.4 are shown in the table. Factors (#) are
numbered consecutively from left to right in order of decreasing
variance.
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exposed to 30% toxic mud containing high concentrations of
metals compared to control treatment. Likewise, a significant
(p < 0.05) MT induction in individuals exposed to sediments
characterized by metal contamination was observed, as those
from the port of Huelva (Hu1, Hu2, Hu3). The role of MT-
sequestering metals is well established, whereas their induc-
tion by exposure to a wide variety of metals (e.g., Cd, Cu, Zn,
Hg, Co, Ni, Bi, and Ag) is associated with an exposure pro-
tection function (Stegeman et al. 1992). Increased MT
expression provides evidence that metals in sediments were
bioavailable to both species. The shore crab C. maenas and the
clam R. philippinarum have been demonstrated to be useful in
MT concentration biomarker studies to detect the potential
effects of metal contamination (Bebianno and Serafim 2003;
Hamza-Chaffai et al. 2000). In this sense, factors 1 and 2, in
both species, were related to MT induction due to metal con-
tamination in the sediments of the port of Huelva. Neverthe-
less, induction of MTs was also observed in individuals
exposed to sediments from the ports of Cadiz, Bilbao, and
Pasajes, principally because of the presence of Cr and Mn in
the different sediments. To date, some authors have published
studies showing that a positive correlation between Cr and MT
induction has been determined (Fulladosa et al. 2006),
although no studies have been found where relationships be-
tween Mn exposure and MTs had been measured.

Concerning EROD, induction of this activity was observed
in both species exposed to sediments containing high con-
centrations of PCBs and PAHs, although it was only signifi-
cantly (p < 0.05) related to the presence of PCBs. These results
are confirmed by Factor 3, which related, for each species, the
induction of this biomarker with sediments from the ports of
Pasajes and Bilbao, highly contaminated by organic chemicals.
In the crab C. maenas, this biomarker induction was also
determined in individuals exposed to sediments from Ca2 and
Ca3, not associated with any of the chemicals determined in
the sediment. EROD activity is involved in the first phase of

metabolism, unmasking or adding reactive functional groups,
which involve oxidation, reduction, or hydrolysis (Goeptar
et al. 1995). Its induction is a clear signal of CYP1A1 and
CYP1A2 enzyme activities, two of the many cytochrome
isoforms known. Increases in EROD activities have been re-
ported in many species of invertebrates, including different
species of clams and crabs, after exposure to organic trace
pollutants (de Lafontaine et al. 2000, Perez et al. 2004, Fossi
et al. 2000). It is suggested that EROD activity may not only
indicate chemical exposure, but may also precede effects at
various levels of biological organization (Whyte et al. 2000).

GST activity was found to be significantly (p < 0.05) in-
duced in the organisms exposed to sediments from the ports of
Pasajes and Bilbao, and TM, preferentially by the presence of
various metals (Cr, Cu, Hg, and Mn), in C. maenas and by Cr
and Mn in the clam R. philippinarum. Consequently, Factor 2
in both species explained the sublethal effects determined in
the individuals exposed to the sediments from the ports of
Pasajes, Bilbao, and the positive toxicity control. GSTs are a
family of enzymes that utilize GSH as a substrate in reactions
that permit the biotransformation and disposal of a wide range
of exogenous compounds (Contreras-Vergara et al. 2004).
These compounds may be xenobiotics, drugs, or products of
oxidative stress. In comparison to mammals and insects,
marine invertebrate GSTs are less known, although reports
about their induction after exposure to toxic chemicals are
becoming available. This enzyme is a phase II type enzyme
and catalyzes the synthetic conjugation reactions of the
xenobiotic parent compounds and its metabolites, in order to
facilitate the excretion of chemicals. An increase in hepatic
GST activity has been reported in several studies after expo-
sure to PAHs and PCBs (Van der Oost et al. 2003; Quinn et al.
2005). Nevertheless, induction of GST activity because of the
presence of Cu and Cr in the sediments from Pasajes, Bilbao,
and toxic mud has been shown. It is important to note that
these metals belong to a group of metals that are redox-active

Table 4. Pearson correlation results of metallothionins concentrations determined at the 14 sites in the clam Ruditapes philippinarum and the
crab Carcinus maenas

A) Metallothionein Clam Crab As Cd Cr Cu Fe Hg Mn Ni Pb Zn PCBs PAHs
Clam 1 0.41** 0.61** 0.50** 0.46** 0.34* 0.53** 0.22 0.31* )0.16 0.40** 0.53** )0.26 )0.29
Crab 0.41** 1 0.36* 0.08 0.24 0.07 0.25 0.37* 0.34* 0.03 0.06 0.20 )0.30 )0.14
B) Ethoxyresorufin
O-deethylase

Clam Crab As Cd Cr Cu Fe Hg Mn Ni Pb Zn PCBs PAHs

Clam 1 0.51 )0.23 )0.14 0.27 )0.25 )0.05 )0.05 )0.42** )0.04 0.02 )0.04 0.74** 0.26
Crab 0.51 1 )0.47** )0.44** )0.07 )0.21 )0.34* )0.10 0.02 0.27 )0.32* )0.38 0.40** 0.29
C) Glutathion-
S-transferase

Clam Crab As Cd Cr Cu Fe Hg Mn Ni Pb Zn PCBs PAHs

Clam 1 0.09 )0.06 )0.01 )0.07 )0.23 )0.07 )0.28 0.01 )0.33* )0.04 )0.09 )0.02 )0.40**
Crab 0.09 1 0.07 )0.20 0.19 0.49** )0.11 0.36* 0.36* 0.10 )0.39* )0.19 )0.31* )0.23
D) Glutathione
peroxidase

Clam Crab As Cd Cr Cu Fe Hg Mn Ni Pb Zn PCBs PAHs

Clam 1 0.40** )0.21 )0.19 0.07 )0.22 )0.12 )0.10 )0.47** )0.05 )0.00 )0.06 0.38* )0.05
Crab 0.40* 1 )0.40** )0.24 )0.33* )0.54** )0.27 )0.38* )0.23 0.01 )0.23 )0.30 )0.19 0.12
E) Glutathione
reductase

Clam Crab As Cd Cr Cu Fe Hg Mn Ni Pb Zn PCBs PAHs

Clam 1 0.71 )0.37* )0.25 )0.26 )0.31* )0.34* )0.37* )0.18 )0.24 )0.24 )0.34 )0.15 )0.16
Crab 0.71 1 )0.60** )0.57** )0.19 )0.31* )0.55** )0.41** )0.15 0.10 )0.58** )0.56** )0.13 0.29

Asterisks represent significant correlation (*p < 0.05, **p < 0.01) between metallothionein concentration, ethoxyresorufin O-deethylase, glu-
tathione-S-transferase, glutathione peroxidase, glutathione reductase; and contaminants in each species and interspecies
PCBs polychlorinated biphenyls, PAHs polyaromatic hydrocarbons.
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and can directly generate free radicals (Ercal et al. 2001),
which could explain the induction of this biomarker after the
exposure to these metals.

Many pollutants (or their metabolites) may elicit toxicity
related to oxidative stress. Oxygen toxicity can be a potent
oxidant capable of reacting with critical cellular macromole-
cules, possibly leading to DNA damage and cell death.
Defense systems that tend to inhibit oxyradical formation in-
clude the antioxidant enzymes such as GR and GPX.

GR is not always recognized as an antioxidant enzyme. It
can nevertheless be included in this category because it makes
glutathione disulfide reduction possible (GSS G) via a
NADPH-dependent process. Therefore, it is at the basis of the
regeneration of reduced GSH, which is necessary to the
operation of GPXs and many other cell enzymes (Manduzio
et al. 2003). GR enzyme is also involved in antioxidant de-
fense in the same way as GPX. Significant (p < 0.05) induction
of GR was only observed in clams exposed to sediments from
the port of Cadiz and Pasajes. No significant induction was
observed in female crabs. Results obtained in studies of this
enzyme in different species are confounding. Activities have
been reported in individuals exposed to PCBs and PAHs (Van
der Oost et al. 2003). Although responses of GR to pollutants
have apparently received little attention, this enzyme plays a
fundamental role in the face of oxidative stress, maintaining
the proper redox status of glutathione, which is important both
as cofactor of several antioxidant enzymes and as an indirect
scavenger of oxyradicals (Regoli et al. 2002).

Significant (p < 0.05) induction of GPX activities in com-
parison to control were registered in individuals exposed to
sediments from the ports of Bilbao, Pasajes, and Cadiz, which
contained high concentrations of PCBs (p < 0.05) and PAHs.
In this sense, Factor 3 in crabs and clams revealed a significant
relationship between induction of GPX activity on day 28 due
to PCBs, explaining the results observed in Bilbao and Pasajes.
GPX is involved in the inhibition of oxyradical formation in
the presence of the redox-active compounds such as PCBs and
PAHs. An increased GPX activity was observed in experi-
ments with fish exposed to PCBs and PAHs (Van der Oost
et al. 2003); nevertheless, more research is required in inver-
tebrate species.

Chemical compounds, such as heavy metals, are biotrans-
formed into conjugates of reduced glutathione (GSH). Con-
jugation with GSH is a very important route of detoxification
of toxicants and it is catalyzed by the enzyme GST. After this
biotransformation, toxicants are destroyed in the cytosolic and
mitochondrial compartments by GPX in the presence of re-
duced glutathione (GSH) (Regoli et al. 2002). In this study,
GR activity was related to these other biomarkers depending
on the species. For the crab C. maenas, it was associated with
GPX and the presence of organic compounds (Factor 3), and
for the clam R. philippinarum with GST and metal content.

In the present study, interspecies responses to mixture of
different contaminants in sediment from Spanish ports has
been tested under controlled laboratory conditions in two
species, the clam R. philippinarum and the crab C. maenas. For
all the biomarkers tested, higher induction was observed in the
crab than in the clam, except for GR activity. Nevertheless, all
the biomarker responses, for both species, were significantly
correlated (p < 0.01), except for GST and GR activities. Nei-
ther in clams nor in crabs was any significant correlation

detected between GR induction and contaminant presence in
the sediment, although in the MAA performed, an association
of this biomarker was achieved with Cr and Mn in clams and
PAHs and PCBs in crabs. No significant induction of GST
activity was observed related to contaminants in clams; nev-
ertheless, significant (p < 0.01) induction was observed of this
enzymatic activity with Cu, Hg, and Mn content in sediments
for crabs.

Therefore, taking into account these interspecies results, it
could be summarized that C. maenas is a more sensitive spe-
cies for sediment toxicity assessment. Nevertheless, different
concepts should be discussed and taken into account before a
conclusion of this magnitude is made:

a). These species have different feeding styles. The fact that
the clams are filter feeders and the crabs deposit feeders
could influence the bioavailability of sediment contami-
nants.

b). In the present assay, no contaminated food was provided to
the different organisms, although it was not stated to what
extent food could be contaminated when being introduced
in the aquaria.

c). The possibility of the presence of different detoxification
pathways concerning GR and GST activities in clams and
crabs should be taken into consideration.

In order to chose one species for the evaluation of sediment
or dredged material toxicity, the sensitivity of the species, life
stage tested, its degree of phylogenetic and ecological relat-
edness to receptors at the disposal site, its preferences and
tolerance to the particle size makeup of the test sediment,
among other characteristics, should be taken into consider-
ation. Consideration of these factors allows establishment of
each test species as a surrogate for organisms living at the
disposal site (Munns et al. 2002).

Finally, it is important to take into consideration that tests
for assessing dredged material have been developed in the
laboratory under strictly controlled parameters, so they do not
reflect the variability in exposure that may occur in natural
systems, and the results lack the ecological relevance that
in situ assays could provide. Because effects may be both
overestimated and underestimated, laboratory observations on
biomarkers must always be validated with field research.

Conclusions

The battery of exposure biomarkers utilized in the present
work could be interpreted as a sensitive early warning
contamination signal in female C. maenas and the clam
R. philippinarum exposed to several contaminated sediments.
It could be concluded that:

a). This set of biomarkers tested resulted in showing and
linking the bioavailability of the contaminants determined
in the sediment with the toxicity of these compounds in the
biomarkers tested. MT induction was related to the expo-
sure to metals, EROD activity to PAHs and PCBs, and
GST to the exposure to Cu, Cr, and Mn. GPX together with
GR were induced to protect the organism from the
oxidative stress provoked by the presence of PAHs, PCBs,
and Cr, Mn, respectively. The only significant interspecies
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differences were observed in the induction of GR and GST.
b). The authors consider the necessity of using at least two

species with different ecological lifestyles, with different
sensitivity to contaminants, in order to perform a sediment
quality assessment study.

c). Sediment toxicity assessment studies in the laboratory
should be validated with in situ studies.
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