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a b s t r a c t

Data obtained in a pollution survey performed in estuarine areas were integrated using multivariate
statistics. The sites selected for the study were areas affected by treated and untreated urban discharges,
harbours or industrial activities as well as reference sites. Mussels were transplanted to each site and
after different times of exposure, samples of water, sediments and mussels were collected. Biomarkers
were analysed on mussels after 3 and 21 days of transplant whereas concentrations of contaminants
were measured in water, sediments and mussels after 21 days of transplant. The structure of macro-
invertebrate benthic communities was studied in sediment samples. Studied variables were organised
into 5 datasets, each one constituting a line of evidence (LOE): contaminants in water, contaminants in
sediments, contaminants accumulated by transplanted mussels, biomarkers in transplanted mussels and
changes in the structure of macroinvertebrate benthic communities of each sampling site. Principal
Component Analysis (PCA) identified the variables of each LOE best explaining variability among sites. In
order to know how LOEs relate to each other, Pearson's correlations were performed. Contaminants in
sediments were not correlated with the rest of LOEs. Contaminants in water were significantly correlated
with contaminants and biomarkers in mussels and with structure of macroinvertebrate benthic com-
munities. Similarly, significant correlations were found between contaminants and biomarkers in
mussels and between biomarkers in mussels and structure of macroinvertebrate benthic communities. In
conclusion, biomarker responses give relevant information on pollution in estuarine areas and provide a
link between chemical and ecological statuses of water bodies in the context of the Water Framework
Directive.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The EUWater Framework Directive (WFD) (CEC, 2000) defines a
strategy to deal with water contamination, with the final goal of
reaching a “good status” of European water bodies by 2015 and,
when not achieved, extended until 2021. In order to achieve it, both
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chemical and ecological good status must be accomplished
(Fig. 1A). Obtaining “good chemical status” (GCS) implies compli-
ancewith the Environmental Quality Standards (EQS) for a group of
priority substances indexed in Directive 2013/39/EU. On the other

hand, assessment of ecological status is based upon measures at
community level of phytoplankton, phytobenthos, benthic in-
vertebrates, aquatic flora and fish, as key quality elements.

Both chemical and ecological status assessments have

Fig. 1. A) Quality elements for the classification of chemical and ecological status of water bodies under the WFD 2000/60/EC (EQS: Environmental Quality Standards). B) Conceptual
model of interaction of contaminants with biological systems at different levels of biological organisation (CS: chemical status; ES: ecological status; WFD: Water Framework
Directive). C) Hypothetical conceptual model of relationships among different lines of evidence of environmental contamination studied in the present work. The expected strength
of the relationships is indicated by lines width (dashed line: weak; thin line: moderate; thick line: strong).
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