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Development of desalination projects requires simple methodologies and tools for cost-effective and
environmentally-sensitivemanagement. Sentinel taxa and biotic indices are easily interpreted in the perspective
of environment management. Echinoderms are potential sentinel taxon to gauge the impact produced by brine
discharge and the BOPA index is considered an effective tool for monitoring different types of impact. Salinity in-
crease due to desalination brine discharge was evaluated in terms of these two indicators. They reflected the en-
vironmental impact and recovery after implementation of amitigationmeasure. Echinoderms disappeared at the
station closest to the discharge during the years with highest salinity and then recovered their abundance after
installation of a diffuser reduced the salinity increase. In the same period, BOPA responded due to the decrease
in sensitive amphipods and the increase in tolerant polychaete families when salinities rose. Although salinity
changes explained most of the observed variability in both indicators, other abiotic parameters were also signif-
icant in explaining this variability.

© 2015 Elsevier Ltd. All rights reserved.

Keywords:
Desalination
Mediterranean
Brine
Benthos
BOPA index
Echinoderm
Salinity

1. Introduction

During recent years, the desalination industry has expanded in coun-
tries suffering from water scarcity, becoming an important method for
supplying potable water (Lattemann and Hopner, 2008). Development
of desalination projects requires approval by the respective environment
protection authorities, since this activity can lead to physicochemical and
ecological impacts in the receiving marine environments. Desalination
plants produce as waste a concentrated salt solution that can have
twice the salinity of the sourcewater (Younos, 2005). Themain environ-
mental concern is the impact of this hypersaline concentrate upon the
salinity of seawater and its resultant effects on marine communities
(Raventós et al., 2006; Sánchez-Lizaso et al., 2008; Roberts et al., 2010,
Fernández-Torquemada and Sánchez-Lizaso, 2011, Riera et al., 2012;
Garrote-Moreno et al., 2015). The discharged brine remains on the sea-
floor, because of its high density, and causesmortalities in benthic organ-
isms that are not adapted to high salinities (Del-Pilar-Ruso et al., 2007).
Without dilution of effluent, the brine plume may spread out for a long
distance over the sea bottom (Einav et al., 2002). Cost-effective and
environmentally-sensitive management of this concentrate can be a sig-
nificant obstacle to implementing desalination (Younos, 2005).

Thoughbenthic communities are one of the indicatorsmost employed
in marine environmental assessment (Dauvin, 2007), interpretation of

changes in their constituent members can be complicated when the aim
is to establish a quantified impact level. The development of simple tech-
niques and tools to detect and evaluate such impact could solve this prob-
lem and facilitate interpretation by managing stakeholders. These
methodologies should be easily applied and not costly. Among these the
use of sentinel taxa could perform a ‘warning’ role pointing to possible
imbalances in the environment due to brine impact (Bellan, 2008). Biotic
indices are also useful tools because they reduce complex scientific data to
a univariate value that can be easily interpreted from the perspective of
environmental management (Chainho et al., 2007).

Among marine sentinel taxa, echinoderms are among the most fre-
quently used organisms in the evaluation of marine pollutant toxicity
(Dupont et al., 2010). They are abundant, widely distributed, ecological-
ly important, highly sensitive to various contaminants and with a rela-
tively sedentary lifestyle (Sugni et al., 2007). Moreover, echinoderms
are strictly marine species and tolerate a narrow range of salinities,
thus being very sensitive to salinity variations produced by brine. In-
deed, a significant reduction in their abundance has been observed in
water surrounding desalination discharges (Chesher, 1971, Gacia et al.,
2007; Fernández-Torquemada et al., 2013). They have therefore been
previously considered as potential taxa to indicate impact of brine dis-
charge (Fernández-Torquemada et al., 2013).

Among biotic indices, application of BOPA (Benthic Opportunistic
Polychaetes and Amphipods) requires less effort than other indices
and is considered an effective tool for monitoring several kinds of im-
pacts. It is based on the principle of antagonism between sensitive and
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opportunistic species. Amphipods are highly sensitive to contaminated
sediments, while opportunistic polychaetes are resistant, indifferent or
favoured (Dauvin and Ruellet, 2007, de-la-Ossa-Carretero et al., 2009;
Joydas et al., 2011; Ingole et al., 2009, Riera and de-la-Ossa-Carretero,
2014).While amphipods have shownhigh sensitivity to increased salin-
ity produced by a brine discharge (de-la-Ossa-Carretero et al., 2015),
some polychaetes seem not to be affected (Del-Pilar-Ruso et al., 2015).

The main objective of this paper is to evaluate the response of echi-
noderms and the BOPA index to brine discharge and their utility as indi-
cators for environmental assessment of desalination plants.

2. Material and methods

Efficiency of both indicators was evaluated with data from the envi-
ronmental monitoring programme at San Pedro desalination plants (SE
Spain). These plants began operation in 2006 and discharge their efflu-
ent by means of a 5 km pipeline at 33 m depth. Both facilities are oper-
ating with a production capacity of 130,000 m3/day. The raw water
intake is around 270,000m3/daywith a recovery ratio of 47%, producing
an effluent flow of 140,000 m3/day, characterised by its high salinity
(around 70).

The brine plume was monitored every threemonths, measuring the
vertical salinity profile with a RBR XR-420 CTD (conductivity, tempera-
ture, depth) sensor over a 65-point grid around the outfall. The spatial
data was interpolated using the Kriging technique as a griddingmethod
(Fernández-Torquemada et al., 2009) and represented using Surfer v9
software. This discharge caused a salinity increase from 2006 to 2010,
reaching levels of 53 close to the outfall. However, inMay 2010, a diffus-
erwas installed at the endof the pipeline to discharge the effluent at 60°
from horizontal, facilitating mixture with the surrounding seawater.
Since then, salinities near the discharge returned to close to natural con-
centrations, around 37.5 ± 0.5 (Loya-Fernandez et al., 2012;
Del-Pilar-Ruso et al., 2015) (Fig. 1).

A benthos surveywas performedby establishing three transects per-
pendicular to the coast: one within the pipeline area (Transect B) and
two control transects 2 km to the north and to the south (Transects A
and C). Four stations were sampled at each transect (1, 2, 3 and
4) (Fig. 2). Based on brine plume dispersion (Loya-Fernandez et al.,
2012; Del-Pilar-Ruso et al., 2015), these benthos stationswere classified

into three exposure levels: i) exposed: station B2 close to the outfall, ii)
influenced: stations B1 and B3 sited b250m fromoutfall, and iii) not ex-
posed: stations sited N1 km away.

Samples were collected during 18 sampling campaigns from 2005 to
2014. The first campaign consisted of a previous study before desalina-
tion plant activity, campaigns 2 to 10 were before installing the diffuser,
and 11 to 18 afterwards after installing the diffuser. Four Van Veen grab
samples (400 cm2) were taken at each station. Three samples were
sieved through a 0.5 mm screen, and preserved in 10% formalin to
study the benthic community, counting total abundance anddifferentiat-
ing total abundance of echinoderms, abundance of amphipods and abun-
dance of opportunistic polychaetes. Based on previously studies, families
Capitellidae, Eunicidae, Magelonidae, Nephtydae and Paraonidae were
considered as opportunistic Polychaeta in the case of brine discharges
(Del-Pilar-Ruso et al., 2009, 2015). Another sample was used to charac-
terise the sediment. Grain size was assessed by standard sieve fraction-
ation (Holme and McIntyre, 1984). Redox potential and pH were
measured using a CRISON 507 pH device. Organic content of dry sedi-
ment was estimated as the weight loss after ashing. Bottom salinity of
each station was obtained by means of a RBR XR-420-CTD logger.

BOPA index was calculated for each sample according to the guide-
lines of Dauvin and Ruellet (2007): BOPA = log[(fpop / (fa + 1) + 1],
where fpop is the opportunistic polychaete proportion of all fauna
(0 to 1) and fa is the amphipod proportion of all fauna (0 to 1). The
BOPA index ranges from 0, when there are no opportunistic poly-
chaetes, to 0.30103, when there are only opportunistic polychaetes
reflecting the most disturbed situation.

Data of echinodermabundance andBOPA indexwere analysedusing
the software package PRIMER 6 (Clarke and Gorley, 2006) with the
PERMANOVA add-on (Anderson et al., 2008). Formal tests were done
using permutational analysis of variance with 9999 permutations of re-
siduals under a reduced model using the Euclidean distance resem-
blance matrix of BOPA and echinoderm abundance. Analysis used a
design with two fixed factors: exposure level (exposed, influenced,
and not exposed) and period (previous, before diffuser installation
and after installation).

In order to assess the relationship between physicochemical param-
eters (granulometry, pH, redox potential, organic matter content and
salinity) with echinoderm abundance and BOPA, a multiple linear

Fig. 1. Salinity profiles before and after diffuser installation including a schematic diagram of the discharge design.
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