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ABSTRACT 

The Bilbao estuary is one of the most polluted areas on the northern coast of Spain, 

owing to the direct disposal of urban effluents and wastewaters from mining and 

industrial activities, occurred during the last 170 years. Recent sediment records 

collected at the inner Abra of Bilbao bay were examined using a multidisciplinary 

approach including geochemical, micropaleontological and isotopic proxies for 

evaluation of heavy metal contamination (Pb, Zn and Cd), ecological condition (benthic 

foraminifera), and sediment accumulation variability (210Pb). Obtained data evidenced 

the interplay of both human activities and extreme weather events. Most contaminated 

materials are buried below a thin layer (<25 cm) of cleaner sediments, deposited when 

contaminant discharges had substantially decreased likely because of industrial 

reconversion and environmental regulations. However, the fingerprint left in the 

sedimentary record by the catastrophic floods of 1983 confirms the potential of natural 
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events for sediment relocation, process that may endanger the environmental 

improvements achieved recently in historically polluted coastal areas. 
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Highlights  

- Historically polluted sediments from the estuary remain in the inner Abra of Bilbao 

- Polluted deposits are gradually covered by a layer of “cleaner” sediments 

- The fingerprint of extreme floods is recognized in the sedimentary record 

- Both natural events and human activities may condition environmental improvement 

 

1. Introduction 

Estuaries are globally recognized as one of the most productive and threatened 

ecosystems (Robb, 2014). Over the 20th century more than 50% of the world coastal 

wetlands were lost owing to natural and anthropogenic factors such as land 

reclamation, aquaculture, navigation and shipping, dredging and filling operations, 

water extraction, decreased sediment input from the catchments, sea-level rise, and 

erosion (Kennish, 2002; Li et al., 2018). Although some changes may be locally 

reverted (Bowron et al., 2009; Cearreta et al., 2013; Mossman et al., 2012), most 

infrastructures (artificial channels, dykes, port facilities) are usually constructed on a 

permanent basis, leading to the definitive transformation of the original morphological 

and hydrodynamic features. Along with physical destruction, pollution ranks amongst 

the most serious and global problems. Land-based activities account for roughly 80% 

of pollutants released to the marine environment (World Wildlife Foundation, 2015) 

and, admittedly, transitional areas may act not only as a reservoir for a long list of 

chemicals such as trace metals, hydrocarbons, radionuclides, or organophosphorus 
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compounds, but also as a potential long-term secondary source of pollution. 

Scavenging of pollutants can be reversible due to several factors such as diagenetic 

changes, bioturbation, weather events or water management actions (Ouddane et al., 

2018), but major transport of pollutants from estuaries onto the continental shelf 

probably occurs only during floods and storms (Ridgway and Shimmield, 2002). 

Furthermore, coastal areas are also affected by the impact of ongoing climate change 

and, in particular, sea-level rise (O´Shea et al., 2018).  

The multidisciplinary study of sediment cores has been extensively used to 

reconstruct the recent environmental transformation of coastal areas (Ruiz-Fernández 

et al., 2012, 2016; Baptista Neto, 2017; Polovodova Asteman et al., 2015; Sreenivasulu 

et al., 2017). As sediments preserve a valuable fingerprint of natural events and human 

impacts, sedimentary records provide useful information to reconstruct pollution 

histories and trends, and to facilitate long-term risk assessment and sustainable 

management of estuaries (Birch et al., 2013). In many countries, restrictions on waste 

dumping and wastewater discharges during the past decades have significantly 

reduced the contaminant loads to the estuarine environment (Kennish, 2002) and 

ameliorated sediment quality (Heim and Schwarzbauer, 2013). The Bilbao estuary (N 

Spain) offers a representative example of a historically polluted waterway that is 

undergoing significant environmental improvement (Cajaraville et al., 2016; García-

Barcina, 2006; Leorri et al., 2008). However, large amounts of highly polluted 

sediments remain stored in the estuarine bottom (Cearreta et al., 2000, 2002), mostly 

covered by a variable thickness layer of cleaner materials (Irabien et al., 2018). The 

widespread influence of human activities extends outside this estuary, as evidenced by 

metal accumulation areas in the continental shelf, associated to disposal sites for blast 

furnace slags and dredged sediments (Legorburu et al., 2013) and the anthropogenic 

beachrock materials that emerge eastwards adjacent to its mouth (Arrieta et al., 2017). 

This is the first work to examine the recent sedimentary record at the estuary mouth 

(inner Abra of Bilbao bay, Figure 1) by using a multidisciplinary approach that includes 
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geochemical (Pb, Zn and Cd), micropaleontological (benthic foraminifera), and isotopic 

(210Pb, 137Cs ) proxies. The main aims of this study are i) to provide information about 

its status of environmental health, under the hypothesis that tidal cycles, sewage 

pollution abatement measures taken by local authorities, the industrial crisis and the 

derived shift of the city of Bilbao from a manufacturing to a service economy, have 

contributed to reduction of metal loads from the estuary, and ii) to gain insight into the 

impact of both human activities and natural events in the sedimentary deposits of 

heavily industrialized coastal areas. 

 

2. Study area and background 

The Bilbao estuary is a small mesotidal system located in the Basque Country 

(43º23´-43º14´N, 3º07¨-2º55´), on the northern Spanish coast (Figure 1). Since the first 

iron and steel factory started to process local ores on reclaimed salt marshes in 1854, 

this waterway has been the centerpiece of economic and social growth of the Bilbao 

Metropolitan Area (about 900,000 inhabitants in 2019). Unfortunately, the urban and 

industrial expansion took place in the absence of an appropriate framework for 

sustainable development, so that activities such as extensive land reclamation, multiple 

works to ensure navigability and port activities, uncontrolled discharges of untreated 

wastes (mining, industrial and urban), and continuous dredgings, turned it into a largely 

artificial and polluted system where two main areas can be distinguished.  

The upper part is formed by a narrow (50-150 m wide), shallow (4-10 m depth) and 

highly stratified channel (about 15 km long) surrounded by a dense urban and industrial 

network, which was described in the 1970s as a navigable sewer running through one 

of the most polluted cities of the world (Woodworth, 2007). The lower reaches are 

occupied by a funnel-shaped coastal embayment known as the Abra of Bilbao, with a 

total area of about 30 km2, maximum depth of 30 m and about 4 km wide (Mestres et 

al., 2014). It contains 95% of the total water of the estuary (Butrón et al., 2009). In the 
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late 1800s, two waterbreaks were built in Santurtzi and Algorta (Figure 1) to construct 

an external port, dividing the bay in two main zones: the outer Abra (where most port 

activities develop today) and the inner Abra (area of interest of this study). These 

infrastructures caused a significant change in the system hydrodynamics, preventing 

the entrance of marine sands from the open sea into the inner Abra and thus favoring 

muddy sedimentation. Therefore, human-induced processes not only altered the 

original morphological features of the whole estuary but also the sedimentary regime 

(Saiz-Salinas and Urkiaga-Alberdi, 1999). As a consequence, the sandy deposits of the 

Las Arenas beach (Figure 1) almost disappeared and reinforcement works were 

carried out in the first decade of 1900s to prevent further erosion. Later on, the 

construction of port facilities such as the moorings of the Real Club Marítimo (1950s), 

the new marina of Getxo (1999), and the jetties for large cruise ships (2006 and 2012) 

reduced the inner Abra bay to its current size (2 km2). 

The recent evolution of the environmental quality of the Bilbao estuary sediments 

has been extensively documented (e.g., Bartolomé et al., 2006; Fdez-Ortiz de 

Vallejuelo et al., 2010; Irabien et al., 2018; Leorri et al., 2008; Prieto et al., 2008; Saiz-

Salinas and González-Oreja, 1998; Seebold et al., 1982), but much less attention has 

been paid to the inner bay deposits. However, previous studies have detected elevated 

concentrations of metals in sediments from this area (Guerrero Pérez et al., 1988; 

Swindlehurst and Johnston, 1991), which can exert a potential risk to the environment 

(Belzunce et al., 2001). In 2014, enhanced contents of metals (higher than those found 

in 2009, 2010 and 2011) were attributed to the construction of a new jetty for long 

tourist cruise liners in 2012 (Rodriguez-Iruretagoiena et al., 2016). 

 

3. Materials and methods 

3.1. Sampling  
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Six sediment cores (between 50 and 69 cm length) were collected in September 

2015, using a hammer corer (10 cm internal diameter) operated by scuba divers, from 

two transects of the inner Abra (two replicates at each sampling site; Figure 1, Table 

1). All cores were described, photographed and X-radiographed before slicing into 1 

cm sections.  

3.2. Sediment geochemistry 

Sediments for geochemical analysis were sieved through a 2-mm mesh, oven dried 

at 45ºC and mechanically homogenized in an agate mortar and pestle. Elemental 

concentrations were analysed in Activation Laboratories Ltd. (Actlabs, Ontario, 

Canada) by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) after near total 

digestion using hydrofluoric, nitric, perchloric and hydrochloric acids. Lowest detection 

limits were 0.1 mg kg-1 for Cd and Pb and 1 mg kg-1 for Zn.  

The effect range-median (ERM) approach proposed by Long et al. (1995) was 

applied to assess the potential toxicological significance of metal contents determined. 

These reference values (220 mg kg-1 for Pb, 410 for Zn and 9.6 for Cd) are derived 

from compiled biological toxicity assays and represent concentrations above which 

frequent adverse effects on benthic organisms are expected.  

3.3. Benthic microfauna 

Samples for foraminiferal analysis were sieved through a 63-microns mesh and 

washed with tap water to remove clay- and silt-size (mud) fractions. Samples were 

dried at 50ºC and weighed to determine grain size percentages (sand and mud). 

Foraminiferal tests were concentrated by flotation in trichloroethylene and the heavy 

residue was examined for possible unfloated shells. Tests were picked until a 

representative sample of > 300 individuals was obtained. When foraminifera were 

scarce, all the available tests were extracted and examined under a stereoscopic 

binocular microscope using reflected light. Abundance is expressed as number of 



7  

foraminiferal tests per 15 g of sediment. Abundance results were grouped (very low, 

low, moderate, high and very high) following the quantification of absolute and relative 

abundances of foraminiferal tests and species for estuaries in northern Spain 

presented in García-Artola et al. (2016). Altogether, 185 samples and more than 

38,680 foraminiferal tests were studied.  

3.4. Radiometric analysis 

Activities of 210Pb, 226Ra and 137Cs in cores Abra1 and Abra4 were analyzed by 

gamma spectrometry, using a low-background high purity germanium (HPGe) detector, 

in the University of Cantabria. Sediment samples were homogenized, sieved (< 0.5 

mm), hermetically sealed and stored for at least 30 days to ensure secular equilibrium 

between 226Ra, 222Rn and the short-lived daughter nuclides of the latter. For sediment 

cores Abra2, Abra3, Abra5 and Abra6, 210Pb activities were determined through its 

radioactive descendent 210Pb by alpha spectrometry (Ortec-Ametek Alpha Ensemble), 

and 226Ra and 137Cs were measured by high-resolution, low-background gamma 

spectrometry (Ortec-Ametek HPGe well detector) in the National Autonomous 

University of Mexico.  

Although all cores showed a downcore decreasing activity, none of the profiles was 

clearly exponential, indicating that accumulation rates were not constant. Therefore, 

age models and accumulation rates (sediment accumulation rate – SAR - and mass 

accumulation rates - MAR) were estimated through the Constant Flux (CF) model 

(Sanchez-Cabeza and Ruiz-Fernández, 2012), which assumes a constant 210Pb 

atmospheric flux but variable sedimentation rates. Although the CF model requires the 

knowledge of the total 210Pbex inventory in the core, except for core Abra2 all cores 

showed 210Pb-226Ra disequilibrium and 137Cs activities in the bottom sections, indicating 

that 210Pbex inventories were incomplete.  
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4. Results and discussion 

The full datasets of geochemical, microfaunal and radiometric data obtained in this 

work are provided in Appendices 1, 2, and 3 respectively. Concentrations of Pb, Zn and 

Cd in almost all sediment samples are far in excess of those provided by Rodríguez et 

al. (2006) as regional background values, confirming the historical environmental 

impact exerted by human activities in this area.  

4.1. Transect A (cores Abra1, Abra2 and Abra3) 

The vertical distribution of all variables is broadly similar (Figure 2), allowing three 

different depth intervals (DIs) to be distinguished (Table 1). Sediments collected below 

~45 cm depth (DI1) show extremely high contents of metals, particularly enriched in 

Pb. In local pre-industrial samples (Cearreta et al., 2000) and in almost all surface 

sediments collected throughout the environmental monitoring programme developed in 

this estuary from 1997 to 2017 (Cearreta et al., 2000; Leorri et al., 2008; Irabien et al., 

2018), Pb contents are distinctly lower than Zn concentrations (Pb/Zn < 0.35 and 0.5 

respectively). Conversely, as observed in some polluted sediments buried in the 

estuarine area (Irabien et al., 2018), in this interval Pb levels are similar or even exceed 

those of Zn (0.8 < Pb/Zn < 1.6), showing increased Pb pollution in the past. 

This muddy interval (sand content median 6%) contains very low foraminiferal 

abundance (32 tests/15 g) dominated by Ammonia tepida (median 28%), Cibicidoides 

lobatulus (18%), Rosalina irregularis (13%), Bulimina gibba (11%), Haynesina 

germanica (6%), and Quinqueloculina seminula (6%). Species number is low (7), 

marine foraminiferal content is high (62%) and hyaline tests are highly dominant (91%), 

with significant porcellaneous contribution (8%). 

The following zone (DI2, from ~45 to ~25 cm depth) is characterized by the 

occurrence of significant grain-size changes (sandy peaks), a decrease in metal 

concentrations (minimum contents are at least one order of magnitude lower than 

those found in DI1) and Pb/Zn ratios ranging from 0.55 to 0.8. This sandy mud interval 
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(sand content 20%) shows the dominant presence of A. tepida (26%), R. irregularis 

(24%), H. germanica (16%) and C. lobatulus (15%). This assemblage is made of a 

moderate number of foraminifera (235 tests/15 g), species (15) and marine taxa (53%) 

and very high hyaline tests (94%) with lower porcellaneous content (5%).  

The 210Pbex activities depth profile in the three cores exhibit a general declining trend 

with depth, but in this DI2 interval 210Pbex activities were small or zero. Although this 

might suggest that DI2 was deposited more than 100 years ago, the occurrence of 

higher 210Pbex activities below (at interval DI1) in cores Abra1 and Abra3 (unfortunately, 

the lower part of core Abra2 was not recovered) and the presence of 137Cs in both 

intervals (DI1 and DI2) indicates that deposition occurred after 1952. This interval of 

small or zero 210Pbex activities was caused by a sedimentary event transporting 

particles in 210Pb-226Ra equilibrium, most likely eroded catchment soils.  

Core Abra1 showed a broad equilibrium interval (26 – 42 cm). Its missing inventory 

was calculated by using the accumulation rate method (Sanchez-Cabeza and Ruiz-

Fernández, 2012) by linear regression, and the date of this interval was compatible 

with the Bilbao catastrophic floods of 1983. Assuming that all equilibrium or dilution 

intervals in Abra2 and Abra3 (and probably Abra4, as commented below) were caused 

by the same event, the reference date method was used to calculate the missing 

inventories. The dramatic increase in mass accumulation rates and the textural and 

compositional changes confirms that DI2 corresponds to an extraordinary sedimentary 

event, caused by the worst natural catastrophe in the Basque Country’s recent history, 

the floods of August 1983, by which significant amounts of coarse-grained and cleaner 

sediments arrived to the inner Abra.  

Finally, the transition to the uppercore zone (DI3) is marked by a significant increase 

in metal concentrations (Figure 2), followed by a declining trend towards the more 

recent sediments. Contrary to that observed in DI1, levels of Pb are at least twofold 

lower than those of Zn (Pb/Zn < 0.5), approaching Pb/Zn ratios determined in surface 

estuarine materials monitored from 1997 to 2017 and reflecting a change in the 
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anthropogenic sources over time. Sediments in DI3 were muddy again (sand content 

6%) and had a moderate foraminiferal density (210 tests/15 g) and species number 

(17). It is represented mainly by A. tepida (46%), R. irregularis (11%), C. lobatulus 

(10%), Eggerelloides scaber (6%) and B. gibba (5%). Marine foraminifera (44%) are 

less abundant than estuarine forms and hyaline tests continue to be highly dominant 

(91%) with distinctive agglutinated test abundance (6%). 

4.2. Transect B (cores Abra4, Abra5 and Abra6) 

Cores Abra5 and Abra6 are exclusively composed by fine-grained materials (3% 

sand), while core Abra4 exhibits a noticeably increase in sandy contents below 30 cm 

depth (Figure 3).  

In this basal zone of core Abra4, maximum values of MAR occur (~40 cm depth), 

210Pbex activities remain constant and fairly low (although no zero values are reached), 

and Pb/Zn ratios range from 0.6 to 0.8. Micropaleontological features of this sandy mud 

interval (sand content 37%) exhibit dominant A. tepida (36%,), C. lobatulus (15%), H. 

germanica (6%) and R. irregularis (4%), a moderate number of foraminifera (340 

tests/15 g), species (20) and marine taxa (46%), and a high abundance of hyaline tests 

(87%) with secondary porcellaneous forms (12%). Despite being less evident, all these 

characteristics strongly resemble to interval DI2 in cores of transect A (Figure 2), 

reflecting the same extraordinary sedimentary event. Likewise, the upper part of the 

core is broadly similar to DI3 of transect A, with lowest values of metals in near surface 

samples, Pb/Zn ratios < 0.5, an almost identical microfaunal assemblage and 210Pbex 

activities decreasing with depth, showing regular sedimentation.  

Sediments from core Abra5 show a rather homogenous granulometric distribution 

and increasing concentrations of metals with depth (Figure 3). In fact, bottom samples 

exhibit the highest concentrations of Cd found in this work. Significant peaks of this 

element can be also observed in all cores from transect A (Figure 2), both in downcore 

sediments (DI1), where Pb/Zn ratios are above 0.8, and in uppercore samples (DI3), 
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where Pb/Zn values are below 0.5. As Pb/Zn ratios in core Abra5 range from 0.4 to 0.3, 

they are compatible with the upper interval DI3, suggesting recent deposition and 

higher sedimentation rates. Moreover, 210Pbex activities display an almost constant and 

erratic profile (Figure 3). Although constant sedimentation cannot be assumed in any of 

the Abra cores, the CFCS model (Sanchez-Cabeza and Ruiz-Fernández, 2012) 

provides a rather young age (1999 ± 8) to the core bottom that confirms that sediment 

accumulation is high, but cannot be estimated because the regressions are not 

significative. According to this, the above mentioned peak of Cd observed in bottom 

samples is in good agreement with the maximum found in core Abra3 at about 15 cm, 

dated in the late 1990s (1998 ± 1).  

Moreover, sediments from the whole core Abra6 are likely to belong to interval DI3, 

given their relatively low contents of metals, decreasing towards the surface (Figure 3), 

and low Pb/Zn ratios (< 0.5). In this case, CFCS dating yielded a maximum core age of 

1994 ± 3. Vertical profile of 210Pbex activities reveals two recent episodes of sediment 

dilution, in the early 2000s and 2008.  

Finally, microfossil assemblage in Abra4 (upper muddy interval), Abra5 and Abra6 

also resembled interval DI3 of cores from transect A. Foraminiferal content (292 

tests/15 g) and species number (19) are moderate. Species A. tepida (50%), B. gibba 

(6%), R. irregularis (6%), E. scaber (5%) and C. lobatulus (4%) are the most important 

forms. Marine foraminifera (38%) are secondary compared to prevailing estuarine taxa. 

Hyaline tests are highly dominant (91%) followed by similar agglutinated and 

porcellaneous contents.  

4.3. Historical interpretation and environmental assessment  

Based on the results obtained from geochemical, microfaunal and radiometric 

proxies, it is possible to distinguish three different environmental zones within the 

recent sedimentary record of the inner Abra bay. Firstly, the interval DI1, only identified 

in the cores from transect A (Figure 2). These muddy sediments are so enriched in Pb 



12  

that concentrations of this metal in most samples exceed the upper threshold value 

established for “non-hazardous sediments” (1000 mg kg-1), according to the Spanish 

framework for the characterization of dredged materials (Buceta et al., 2015). 

Therefore, in the case of dredging, further studies should be carried out to determine if 

these sediments should to be handled as hazardous wastes or as highly polluted 

materials. Moreover, they also exhibit high levels of Cd and Zn, which are in excess the 

ERM values proposed by Long et al. (1995). Highly polluted sediments with similar 

metal concentrations have been observed in cores from intertidal flats a few km 

upstream (Irabien et al., 2018), confirming the role of the whole area as a sink for 

industrial wastes. The co-occurrence of Pb and Cd indicates that they may share a 

common source related to the local steel mill industry (Legorburu et al., 2013). Benthic 

foraminifera are very scarce in this basal zone and are composed of a mixture of few 

marine (mainly C. lobatulus, R. irregularis and B. gibba) and estuarine (A. tepida) 

species. 

The following interval (DI2) can be recognized in cores Abra1, Abra2, Abra3 and 

Abra4 (Figures 2 and 3). It is characterized by the accumulation of sandy layers with 

low concentrations of metals intercalated with muddy sediments showing variable 

contamination degrees, related to the arrival of materials remobilized during the 

extreme floods that hit the Basque Country in August 1983 (Cearreta et al., 2017). 

These floods were unprecedented, as the rainfall during three days (August 24, 25 and 

26) equaled the monthly maximum recorded in 125 years (Instituto Geológico y Minero 

de España, 1986). In just 24 hours (from 9:00 AM on Friday 26 to 9:00 AM on Saturday 

27) rainfall was about 500 mm. River flow, that likely exceeded the 1000 years return 

period, caused generalized floods all over the region (especially in the estuarine areas, 

where the maximum flow coincided with high tide), 39 fatalities and economic losses of 

more than 800 million euro (Ocio et al., 2015).  

This extreme weather event was the consequence of the interaction of warm 

advection through the Mediterranean with a polar air mass in high layers, which 
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generated a mesoscale convective system responsible for the unusually abundant and 

intense rainfall (Egaña and Gaztelumendi, 2018). Known in Spain as “cold drop”, this 

phenomenon appears to be the major regional flood threat (Ocio et al., 2015). In fact, 

river and flash floods exacerbated by tidal variations rank between the main identified 

risks that the city of Bilbao has periodically faced along its centennial history (Adán de 

Yarza, 1892; Landa Méndez, 2014). Unfortunately, convective phenomena in the 

Basque Country, leading to an increase in extreme rainfall events and floods, are 

predicted to increase in the future as a result of global warming (Benito et al., 2005). 

The local hydrodynamic motion in the inner Abra bay is mostly tidally-induced, and 

the wind-wave contribution on currents is assumed to be negligible (Grifoll et al., 2009). 

The mean freshwater outflow is relatively low and, for larger river flows, the plume exits 

the estuary along the right bank and stays attached to the eastern coast (Mestres et al., 

2014). However, tidal currents are diverted by the local morphology, the infrastructures 

and the terrestrial rotation, resulting in a clockwise current during ebb tide (and 

anticlockwise during high tide) (Lugaresaresti Bilbao, 1994) that contributes to the 

relocation of sediments during extreme meteorological events such as floods and 

storms.  

Benthic foraminifera of the sandier DI2 interval exhibit a mixture of estuarine (mainly 

A. tepida and H. germanica) and marine hyaline species (C. lobatulus and R. 

irregularis). This assemblage highly resembles the foraminiferal species composition of 

the sandy Holocene sediments that characterize the lower Bilbao estuary (Leorri and 

Cearreta, 2004), and that could be the main source of those sandy sediments 

accumulated in the bay during the 1983 catastrophic flood event. However, the peaked 

values of metals found at about 40-45 cm depth in core Abra3, which coincide broadly 

with increased levels of 210Pbex, are more likely related to the arrival of remobilized 

polluted sediments. 

Turbulent flow conditions, which wash out considerable volumes of sediment and 

associated contaminants, can expose anoxic sediments to oxic conditions, affecting the 
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release and bioavailability of pollutants (Eggleton and Thomas, 2004). The evidence of 

sediment mixing in DI2 confirms that disturbances derived from extreme weather 

events can compound the anthropogenic impacts in coastal and marine areas (Davis et 

al., 2016; Ralston et al., 2013). Similarly, Ruiz and Saiz-Salinas (1999) found 

significant variations in the concentrations of metals in sediments and bivalves from the 

Bilbao estuary related to the 1989-1990 drought. 

The upper core interval (DI3) represents the post-1983 period (Figures 2 and 3). 

Although there is a general decreasing trend in metal concentrations towards more 

recent sediments, high concentrations still remain in the lower part (except in core 

Abra6, where accumulated materials are remarkably younger). This is not surprising, 

given the significant improvement of the chemical quality of the sediments observed in 

the Bilbao estuary from 2000-2003 onwards (Leorri et al., 2008). In fact, the recent 

study of several cores from the estuarine area (Irabien et al., 2018) showed that the 

improvement in environmental conditions results in the formation of a new layer of 

“clean” sediments (< 20 cm thickness), defined on the basis of the ERMs, that covers 

historically contaminated deposits. Using this approach, similar results are provided in 

this work, as the thickness of the “clean” layer in most cores ranges from 0 (in core 

Abra5 all samples exceed the ERM value for Zn) to 25 cm (Abra6). This recent muddy 

interval exhibits the highest abundance of estuarine foraminifera (mainly A. tepida) over 

marine species (R. irregularis, C. lobatulus, E. scaber and B. gibba), qualitatively 

similar to interval DI1 but with much higher foraminiferal contents. 

Our results confirm that the on-going environmental improvement in the Bilbao 

estuary extends to the inner Abra bay area. Therefore, future management actions 

(dredgings, monitored natural recovery) should take into account not only the historical 

legacy in the form of contaminated sites, but also the current state of the regeneration 

process. 
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5. Conclusions 

The sedimentary records in the inner Abra of Bilbao reflect the fingerprint of both 

human activities and extreme weather events. On the one hand, higher levels of 

contamination, derived from a long history of unsustainable development, are buried 

below a thin layer (< 25 cm) of cleaner sediments deposited recently, when 

anthropogenic discharges had substantially decreased. Despite that polluted deposits 

can be somewhat hidden, their accurate characterization and risk assessment continue 

to challenge the current and future management of industrialized and populated coastal 

areas.  

On the other hand, our results highlight the need to improve our understanding of 

the potential impact that extreme weather events (such as floods) can exert on 

contaminated sites, since they can remobilize sediments, promoting the release of 

pollutants that had been sequestered, and hindering and even reverting the 

environmental improvement efforts. 
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