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The Huelva Estuary, in the south of Spain, is a highly polluted area subject to heavy anthropogenic pressures such as
coastal urbanization, fishing and tourism activities, commercial transports, as well as petrochemical, agrichemical and
intense mining industry. Trace metal levels in sediments from the Huelva Estuary have been largely investigated over
the last decades, but an evaluation through the years has not been considered yet. This study analyzed the current con-
centrations for Cr, Cu, Mn, Ni, Pb, Zn, Fe and organic matter content in sediments from two sampling sites (Muelle
Capesa and Mazagón) and toxicity on fertilization and embryogenesis of sea urchin (Paracentrotus lividus). Results
were compared with data from the past decades. Zn and Cu displayed higher levels and enrichment in sediments
from the Muelle Capesa close to the Huelva industrial area. Mazagón sediment, despite moderate levels and enrich-
ment in Zn and Cu, is proved to be affected by anthropogenic impacts, due to continuous inputs from acid mine drain-
age and alongshore current transport. In our experiments, sea urchin fertilization rates and larval development were
significantly affected by exposure to elutriates from Huelva Estuary sediments. Therefore, the Huelva Estuary area
shows a declining but chronic contamination in Zn and Cu, originating from point and diffused anthropic activities,
which in turn, are likely to cause adverse effects on the coastal ecosystem.
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1. Introduction

The city of Huelva, due to its prime location and excellent connection,
as well as its close proximity to one of the most important ports in Spain,
is a gateway to the Atlantic Ocean. Thanks to the coastal urban layout,
the presence of petrochemical, agrichemical and mining industries, as
well as tourism, agriculture and fishing activities, Huelva is one of the
most important industrial and business hubs in Spain [1–3]. TheHuelva Es-
tuary is a highly polluted area, due to several contamination sources from
the surrounding areas: trace metal loads from the Tinto and Odiel Rivers
drain into the Iberian Pyrite Belt, one of the most important mine districts
in Western Europe, industrial effluents from factories, and sewage from
coastal towns [4,5]. During the past decades, a large number of investiga-
tions related to the sediment quality have been published due to the
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importance of the marine resources of this province of Spain [2,6–8].
High trace metal concentrations have been detected both in the water col-
umn and in sediments of the Huelva Estuary [5,9–11]. However, trace
metal levels are usually higher in sediments than in overlying water, due
to their adsorption capacity and physical-chemical parameters such as
pH, salinity, redox potential, temperature, and organic matter content
[12]. Metals can affect organisms both on the cellular and whole organism
level [13].

Due to the high loads of tracemetals discharged into the Huelva Estuary
from urban, industrial and mining sources, several authors have conducted
studies based on sediment chemistry and laboratory bioassays with a wide
range of benthic organisms in order to investigate trace metal contamina-
tion and toxicity effects over the last decade [4,14–16]. However, there is
a lack of knowledge about whether trace metal contamination is still on-
going, increasing or decreasing over time. The focus of this research work
was to assess contemporary trace metal levels and toxicity on sea urchin
bioassays in the Huelva Estuary sediments, thus contributing to the moni-
toring of trace metals contamination (Cr, Cu, Mn, Ni, Pb, Zn and Fe) over
the last decades which are the more frequent ones in the Huelva province
[17]. In order to achieve these objectives, adverse effects on the fertilization
and embryo-larval development of the sea urchin Paracentrotus lividus, have
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been assessed at two sites within the Huelva Estuary characterized as me-
dium and heavily contaminated by trace metals (Muelle de Capesa and
Mazagón). Our results were compared with historical published data on
the Huelva Estuary on polluted sediment and their adverse effects on target
organisms.

2. Materials and methods

2.1. Sediment sampling

Huelva area is largely exploited for fishery activities, and thus, it is very
important to monitor the possible effects on marine organisms that are
intended for human consumption. Two representative sampling sites of pol-
lution in the Huelva Estuary (SW, Spain) were selected based on the litera-
ture published of the area ([2,7,8,18–20]: Muelle de Capesa (H1) located in
the proximity of the industrial sources, and Puerto deportivo of Mazagón
(H2) on the outer estuary. In addition, sediments from the Bay of Cádiz
(C1) were selected as a control area to address the contamination in these
two areas (H1 and H2) (Figure 1). Previous authors have demonstrated
that the Bay of Cádiz is a site characterized by the absence of significant
metal contamination [1,19]. Surface sediments (0–5 cm layer) were col-
lected with a Van Veen grab during low tide in April 2016 from both the
Bay of Cádiz and the Huelva Estuary. After collection, sediment, which
Fig. 1.Map of the south-western of Spain with the three sampling locations: the Bay of
and Puerto deportivo of Mazagón (H2; 37°7′56″N, 6°49′56″W).
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was in contact with the grab, was removed in order to avoid any metal con-
tamination. Sediments were sieved in the field to remove large particles
and shells and then transported in darkness to the laboratory for analysis.
They were stored dried and frozen until the day of the experiment. The
same sediments were used to obtain the elutriates for fertilization and em-
bryogenesis bioassays.

All the materials used for the collections and experiments were previ-
ously washed with nitric acid (HNO3, 10%) to avoid metal contamination.

2.1.1. Sediment elutriates
Sediment elutriates were obtained by 30-min rotation (60 rpm) of the

sediment with control seawater mixture (ratio 1:4 v/v; [21]) and left to set-
tle in darkness overnight [22]. The supernatant was siphoned and filtered
(0.22 μm). Elutriates were prepared the same day that the sediment was
collected. Control seawater (non-polluted seawater) used in the experi-
ments and for the elutriates was collected in the Bay of Cádiz in the same
station where sediment was collected during high tide (1 m depth) using
8 L plastic bottles and transported to the laboratory.

2.1.2. Physical-chemical parameters
Sediment samples (~1 g) were dried at <60 °C overnight, disaggre-

gated in a mortar and then sieved at 0.63 μm Ø. Concentrations of iron
(Fe), manganese (Mn), zinc (Zn) were determined by flame atomic
Cádiz (C1, 36°29′24″N, 6°15′59″W), Muelle de Capesa (H1; 37°9′43″N, 6°53′50″W)
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absorption (FAAS); and copper (Cu), lead (Pb), nickel (Ni) and chromium
(Cr) by graphite furnace atomic absorption spectrophotometry (GFAAS,
Perkin Elmer A Analyst 100), according to the EPA methods 7010 and
7000B [23] after microwave-assisted digestion of the sediment with an
acid mixture (HCl, HNO3, and HF, 3:1:1 v/v). Reagent blanks, duplicate
samples, and certified reference material (Sco-1 Silty Marine Shale from
the United States Geological Survey, USGS) were analyzed in parallel
with each batch of samples to ensure the accuracy of the analytical proce-
dure. Measured concentrations in Reference Material Sco-1 included in
the analysis were within their certified ranges. Accuracy (R%) and preci-
sion (CV) were ± 10%.

Organic matter content in the sediment was estimated by percentage
loss of weight on ignition (LOI) at 450 °C for 8 h after drying at 80 °C for
24 h [24] in a muffle furnace (THERMOLYNE model 47,900).

2.2. Sea urchin sampling and tests

Sexually mature specimens of sea urchins (Paracentrotus lividus) were
collected from a reported clean area [25,26] in a rocky subtidal environ-
ment in Bay of Cádiz in April 2016. Animals were immediately transported
to the laboratory. For both bioassays (egg fertilization and sea urchin em-
bryogenesis/larval development), gametes were obtained by dissection on
the equatorial axe of a single pair of adult sea urchins and direct extraction
from the gonads from three male and three female sea urchins into clean
seawater which was previously filtered through 0.22 μm. After gamete
emission, gamete viability (spherical oocytes and motile spermatozoa)
was evaluated with an inverted microscope (model OLYMPUS CKX4),
and maintained in suspension in polyethylene vessels containing filtered
clean seawater. Both fertilization test and embryogenesis bioassays were
performed in quadruplicate (n = 4).

2.2.1. Fertilization test
Fertilization with P. lividus was conducted following the procedure of

Fernández and Beiras [27]. Approximately 300 eggs (20–30 eggs per mL)
were added to the test vials with 10 mL of sediment elutriates, plus the fil-
tered seawater control. Sperm were collected directly from the gonad and
were exposed to 1 mL of different sediments elutriates for 1 h. Then, 10
μL of sperm suspension (2500 ± 500 spermatozoa per 1 μL), was added
to the test vessels [28]. After 20 min exposure, sample suspensions were
fixed with 500 μL of 40% formaldehyde, and the percentage of fertilized
eggs (those fully surrounded by a fertilization membrane) in 100 eggs
was recorded under an inverted microscope (OLYMPUS CKX41) [29].
The egg fertilization bioassay was considered successful when the percent-
age of fertilization in the control seawater was at least 90%.

2.2.2. Embryogenesis test
For the embryo-larval bioassay, the same procedure for fertilization

test was followed in order to get the sperm and eggs suspensions.
Embryo-larval bioassay was conducted in polyethylene test vessels
filled with a 20 mL of sediment elutriates and filtered clean seawater
as control. Approximately 300 fertilized eggs (20–30 eggs per mL)
were placed in each vessels, and incubated for 48 h at 20 °C under
natural photoperiod [27], after which the larvae were fixed adding
500 μL of 40% formaldehyde [30]. The embryogenesis test was consid-
ered successful when the percentage of normally developed plutei in the
control was at least 90%. The percentage of abnormally developed
plutei (those who do not have well-developed arms), or failure rate,
was taken as an endpoint of sediment elutriate toxicity. The alterations
were evaluated by ranking the malformations as follows: 0 (none), 1
(slight), 2 (moderate) and 3 (high) according to Carballeira et al. [25].
An index of toxicity (IT) was then calculated for each sampling site.
The IT evaluated the degree of malformations by their frequency ob-
served in 4 replicates from each sampling point as follows:

IT ¼ 0�%Level 0þ 1�%Level 1þ 2�%Level 2þ 3�%Level 3½ �=100:
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The IT of all the replicates ranged from 0 (no toxicity) to 1 (slight
toxicity).

2.3. Statistical analyses

Analysis of Variance (ANOVA) following of a post-hoc test of Bonferroni
was used in order to determine significant differences (p ≤ 0.05) both on
trace metals concentrations detected in sediment from the different sam-
pling points, and on the sea urchin fertilization and embryo-larval develop-
ment. Homogeneity of variance was checked before parametric statistics
according to Levene's test and normality was studied using Shapiro–Wilk
test. The Spearman rank correlationmethodwas used to determine the cor-
relation between the sediment elutriate toxicity and malformations ob-
served in P. lividus bioassays.

3. Results and discussion

3.1. Physical-chemical parameters

All the metals tested showed significant differences (p < 0.05) of their
concentrations between the sampling points located in Huelva area and the
one in Bay of Cádiz. Trace metal concentrations have then been compared
to previous levels detected in the Huelva Estuary and the Bay of Cádiz in
order to eventually detect changes in contamination over the years
(Table 1). Our results showed that Fe and Mn levels were higher in sedi-
ments from the Mazagón site (3.08% and 1291 mg kg−1, respectively),
followed by Zn, Cr, Cu, Pb, and Ni (166 mg kg−1, 51 mg kg−1,
41 mg kg−1, 23 mg kg−1, and 4.2 mg kg−1, respectively). Conversely,
Mn and Fe were slightly lower (1.80% and 439 4.2 mg kg−1, respectively),
and Zn and Cu levels consistently higher in sediments from the Muelle de
Capesa sampling site (279 mg kg−1 and 113 mg kg−1), followed by Cr
≥ Pb>Ni (33mgkg−1, 32mgkg−1, and 4.2mgkg−1, respectively). How-
ever, the apparent increase in Fe and Mn levels detected in sediments from
the Huelva Estuary over the years is not indicative of increased contamina-
tion/pollution, due to their redox-sensitive behavior in aquatic environ-
ments, which is strongly dependent on processes of oxidation and
reduction, which in turn resulted either in precipitation or (re)dissolution
in the solid phase [38].

In contrast, trace metals such as Cr, Cu, Ni, Pb and Zn can have either a
natural or anthropic origin in sediments [39]. Despite the higher levels of
Cr and Pb found in recent sediments from the Huelva Estuary when com-
pared to the Bay of Cádiz sediment, their concentrations remain close to
their background levels, thus indicating a natural contribution from
weathering of source rocks rather than anthropogenic inputs in this area
of investigation over the years. Conversely, Cu and Zn far exceeded their
background values in recent sediments, thus indicating a decreasing but
continuous anthropic enrichment of these trace metals within the Huelva
Estuary sediments over the years.

Trace metal levels detected in the sediment from the Bay of Cádiz are
consistently lower than those found in the Huelva Estuary sediments
(Table 1). The low levels of Cr, Cu, Ni, Pb and Zn found in this work are
in agreement with sedimentary levels of tracemetals reported in a previous
work on the Bay of Cádiz [36]. Several works have demonstrated that this
sampling site within the Bay of Cádiz is not contaminated and has been ex-
tensively used as a control site for bioassays [1,19]. The concentrations of
Cr, Cu, Ni, Pb and Zn detected in the Bay of Cádiz were found to be compa-
rable and/or at their background values [33] and this is indicative of a nat-
ural contribution rather than anthropogenic inputs to the sediments. These
findings are in agreement with the absence of point contamination sources
and to the geological structure and hydrodynamics of this area reported by
[10].

The contemporary levels of Zn and Cu found in the sediment from
Muelle de Capesa, and to a lesser extent, in the sediment from Mazagón,
when compared to historical levels show a decrease over the last decades
[34]. Previous studies found that Zn, Pb and Cu are particularly linked to
vehicle and traffic-related emissions [40–42]. Yet, intensive chemical and



Table 1
Physico-chemical characterization of sediments from the Bay of Cádiz and the Huelva Estuary. Concentrations are reported inmg kg−1 except Fe (%) and organicmatter (OC
%).

Area Fe Mn Cu Cr Ni Pb Zn OC Reference

Bay of Cádiz –a – 2 nd nd 6 6 nd [31]
– – 1.34–48.7 3.47 1.7 4.59–41.3 6.28–140 0.71–2.27 [15]
19.63–43.87 86–407 6.68–202.80 0.10–14.94 0.06–21.25 2.28–89.90 21.27–378.25 1.07–24.33 [19]
– – 15.6–169 nd 8.9–29.3 12.2–99.2 18.3–360 1.10–2.60 [32]
0.74 381 3.3 14 6.8 7.0 28 1.0 Present work

448 9 24.4 21.5 11.6 35.9 0.50–3.24 Background values; [33]
Huelva Estuary – – 6.5 nd nd 6.0 42 – [31]

22–1830 35–150 <10–46 31–926 75–2300 – [34]
– –

25–2990 19–165 – 11–4860 58–3330 – [35]
– – 979–2438 43.5–73.5 21.4–37.2 270–433 1310–2695 2.59–3.95 [15]
– – 20–3304 8–119 1–55 19–2873 61–3300 0.42–2.06 [36]
41.25–65.75 304–383 150–1939 8.1–32.9 7.1–129 218–385 1176–2458 6.30–20.27 [19]
– – 789–1989 nd 21.2–97.2 198–406 987–2010 1.10–3.90 [32]
1.4–8.2 189–416 363–2420 72–118 17–40 290–2420 200–2920 1.57–3.43 [8]

1116–3334 – – 37–1167 603–1737 – [2]
1.8–3.08 439–1219 41–113 33–51 4.2–4.9 23–32 166–279 0.68–1.03b Present work

15–21.7 17.1–65 5–27 23.6–35 65–103.7 Background values; [37]; [36]

a Not determined.
b Loss of ignition (LOI).
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Fig. 2. Fertilization success (%), calculated after 20 min of exposure to the three
different sampling points (Bay of Cadiz, C; Muelle de Capesa, H1; Mazagón, H2)
and the control. Fertilized eggs were calculated for quadruplicates (n = 4) (mean
± sd). Significant differences (*) (p < 0.05).
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petrochemical industries and fertilizer production are located within the
Huelva Estuary area. According to the findings of Morillo et al. [43], the
main sources of metal pollution in this area are industrial wastes and acid
mine drainage from the Odiel and Rio Tinto Rivers [37]. As expected,
trace metals levels and their anthropic enrichment resulted higher for Zn
and Cu at the Muelle de Capesa sampling site, which is close to the Huelva
industrial area. Although lower levels and moderate anthropogenic contri-
bution were reported in terms of Zn and Cu, the Mazagón sediment is cur-
rently displaying a decreasing but continuous anthropogenic signal over
the time. Mazagón has been previously identified as an area receiving
point and diffuse sources of trace metal pollution from industrial wastes
and acid mine drainage, respectively [34,37]. The fact that Mazagón sam-
pling site is still recording an anthropogenic signal despite decreasing levels
of trace metals recorded in recent sediments may be a consequence of
south-westerly dominantwinds that generate a current parallel to the coast-
line, carrying more enriched suspended material from acid mine drainage
sources that finally accumulate Zn and Cu, and to a lesser extent Pb, in
the Mazagón sediment [14].

A slightly lower organic matter content was observed in Mazagón and
Cádiz Bay sediments in tandem with higher Mn levels. Shifts in the Mn
equilibrium have been previously correlated to the organic matter content
in sediment [44]. On the other hand, considering the grain size characteris-
tics detected by Basallote et al. [45], the percentage of fines (silt and clays
<0.2 μm) was low both in Bay of Cádiz and Mazagón sites. Conversely,
fines were predominant in Muelle de Capesa sediment. It is well known
that trace metals tend to accumulate in fine-grained sediment [46], and
this is in accordance with our findings, where Muelle de Capesa showed
higher levels of Zn, Cu and Pb and the higher organic matter content. In ad-
dition, the organic matter content itself seemed to be influenced by the sed-
iment grain size distribution [47]. Previous studies assessed that fines
percentage is usually related to the organic matter content [48]. In this
case a slightly lower presence of organic matter may be linked to a lower
percentage of fines, and thus lower levels of trace metals in Bay of Cádiz
and Mazagón sediments, while a slightly higher organic matter content in
Muelle de Capesa sediment is likely be correlated to higher percentage of
fines and as a consequence, to the higher levels of trace metals recorded
in this work.

3.2. Sea urchin fertilization and embryo-larval development bioassays

The percentage of fertilization success (%) is shown in Fig. 2. Sea urchin
fertilization was always >90% in the control seawater, which is a good in-
dication of fertilization success according to U.S. Environmental Protection
15
Agency [49] protocol. The comparison of fertilized eggs between the con-
trol and the Bay of Cádiz elutriate was not significantly different. Fertilized
eggs of Paracentrotus lividus after 20-min exposure were significantly lower
in sediment elutriates from the Huelva Estuary (H1 and H2; p<0.05) with
respect to the to the control seawater, withMuelle de Capesa elutriate (H1)
showing the lowest fertilization rate (~40%).

Previous authors found a decreased fertilization success in sea urchins
in the presence of high concentrations of Cu and Zn [50,51]. BothMazagón
andMuelle Capesa locations showed high concentrations of these metals in
sediments, which could explain the lower fertilization rate.

Exposure to elutriates from Huelva Estuary sediments caused detrimen-
tal effects on sea urchin larval development (Table 2). The observations in
the microscope were based on the abnormalities described by Carballeira
et al. [25]. Both the control and the Bay of Cádiz samples showed the
highest percentage in level 0 (normal shape). These results confirmed
that the sediment collected from the Bay of Cádiz station used in this
study was not toxic. On the other hand, larval development was found to
be affected by the elutriates obtained fromHuelva area sediment. Statistical
differences (p < 0.05) between sampling stations in Huelva area and the
control for level 2 (no skeletal rods larvae) and 3 (undeveloped stages) lar-
vae were revealed by the Analysis of variance (ANOVA). A significantly
higher number (p < 0.05) of level 1 larvae (crossed tip larvae) was found
in the Mazagón sediment elutriate, while a significant (p < 0.05) higher
number of level 2 larvae (no skeletal rods and fractured larvae) was
found in with Muelle de Capesa sediment elutriate.



Table 2
Percentage of embryonic stages and developmental abnormalities of sea urchin
Paracentrotus lividus calculated for quadruplicates (n = 4). The larval alterations
are noted with a growing level of toxicity as: 0 (none), 1 (slight), 2 (moderate)
and 3 (high) according to [25]. Not detected larval stage is expressed as (—).

P. lividus larval
stages (%)

Control Bay of
Cádiz

Muelle de
Capesa

Mazagón

Level 0 94 90 10 17
Level 1 Crossed tip 3 8 17 30

Separated tip − − 1 −
Fused arms − − − −

Level 2 No skeletal rods 2 2 40 34
Folded tip − − − −
Fractured − − 25 16

Level 3 Undeveloped stages 1 − 7 3

Table 3
Toxicity of sediment from the three sampling points according to the toxicity index
calculated for quadruplicates (n = 4) in order to understand level of larval
alterations.

Sampling point Toxicity Index Toxicity

Control 0.11 Absent
Bay of Cádiz 0.12 Absent
Muelle de Capesa 1.62 Moderate
Mazagón 1.37 Moderate
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Based on the malformations, different levels or index of toxicity (IT)
were found (Table 3). The IT index calculated for each sampling point con-
firmed the quantitatively analysis: the percentage of malformed larvae in
Bay of Cádiz (0) was the same as the one calculated in the control, while
Muelle de Capesa and Mazagón sampling sites sediments showed the pres-
ence of a moderate toxicity on larvae (>1). Previous works ranked metals
with a decreasing order of toxicity on sea urchins as follows: Cu > Zn
> Pb > Fe > Mn assessing that their combined action may be either
Table 4
Summarized toxic effects detected in different organisms exposed to sediments collected
(H1) and Mazagón (H2). Incidence of effects: (−) no toxic effect detected on organisms

Organisms Source

Clam
Ruditapes philippinarum

[15]

Amphipod
Ampelisca brevicornis

[15]

Rotifer
Brachionus plicatilis

[15]

Bacteria
Vibrio fischeri

[15]

Fish
Solea senegalensis

[15]

Clam
Chamelea gallina

[16]

Clam
Ruditapes philippinarum

[16]

Bacteria
Vibrio fischeri

[16]

Clam
Ruditapes philippinarum

[19]

Crab
Carcinus maenas

[19]

Fish
Solea senegalensis

[20]

Sea urchin
Paracentrotus lividus

[18]

Bacteria
Photobacterium phosphoreum

[8]

Sea urchin
Paracentrotus lividus

Present work
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synergetic or antagonistic [27,52]. In the present work, the sediment
from the Muelle de Capesa site reported higher concentrations of trace
metals Zn > Cu > Cr, while in Mazagón Zn > Cr > Cu. Considering the
higher toxicity recorded inMuelle de Capesa sampling site, the most severe
toxicity seems to be correlated with Zn and Cu concentrations in sediment.
The Spearman rank correlation method confirmed that the toxic effects de-
tected on P. lividus were correlated to the presence of Zn and Cu in
sediments.

These results have been compared with previous studies in order to ad-
dress the toxicity over the years (Table 4). In particular, the sediment from
Muelle de Capesa site displayed toxic effects on testing organisms in previ-
ous works, while sediment fromMazagón showed an increasing toxicity on
different organisms during the past decades. It is interesting to highlight
that despite the decreasing trends of trace metals over the last decades,
both Muelle de Capesa (H1) and Mazagón (H2) sediments still show toxic-
ity on organisms. This could be linked to bioavailability of metals in sedi-
ment, as recent studies in the same zone found out that metal
bioavailability is higher in the Estuary when compared to other sampling
points in the Huelva area [53]. Also anthropogenic impacts may have con-
tributed to Pb, Zn and Cu enrichment, as these trace metals are among the
most common elements that tend to be released and accumulated in sedi-
ment by human activities [54,55]. The peculiar decreasing but continuous
anthropogenic signal over time in the Mazagón area sediment observed,
could instead be linked to the south-westerly dominant winds that tends
to cause the accumulation of toxic metals [14] and to the different metals
bioavailability that varies between the Estuary and the other sampling
points in Huelva area [53]. In this area Mn concentration showed the
most significant change, and this has been linked to the higher organicmat-
ter content [44] and sediment grain size [47].

4. Conclusions

Changes in trace metals levels and anthropic sources have been studied
by comparing recent sediment chemistry and toxicity outcomeswith histor-
ical data in the Huelva Estuary. Our work revealed that there has been a
in different years at the three sampling points of Bay of Cádiz (C1),Muelle de Capesa
, (+) toxic effect detected on organisms, (nd) no data on this sampling site.

Site

C1 H1 H2

− + −

− + +

− + −

− + −

− + −

nd + +

nd + +

nd + +

− + nd

− + nd

nd + nd

− + +

nd + +

− + +
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change in terms of concentrations of trace metals in sediments from the
Huelva Estuary over the last decades, when compared to historical levels re-
corded in previous works. Overall, our results on recent sediments
underlined four different results: (1) the Bay of Cádiz showed Cr and Ni,
as well as Cu, Pb and Zn levels, are comparable to their background values,
and thus there is no indication of anthropic inputs and/or changes over the
years; (2) Zn and Cu displayed higher levels and enrichment in sediments
from theMuelle Capesa close to theHuelva industrial area; (3) despitemod-
erate levels and enrichment in Zn and Cu, the sediment fromMazagón still
records an anthropogenic signature due to continuous inputs from acid
mine drainage and alongshore current transport; and (4) sea urchin fertili-
zation rate and larval development were significantly affected by exposure
to elutriates from Huelva Estuary sediments.

Sediments from the Huelva Estuary have shown a continuous and high
level of toxicity on several organisms from different trophic levels over the
past decades, and this fact is indicative of the ongoing although declining
Zn and Cu anthropogenic contamination affecting this coastal ecosystem.

Despite the fact that theWater FrameworkDirective (2000/60/EC) pro-
visions include measures against pollution by groups of chemicals present-
ing a significant risk to or via the aquatic environment nearly two decades
earlier, the Huelva Estuary area shows a declining but chronic contamina-
tion in Zn and Cu originating from point and diffuse anthropic activities,
which in turn, are likely to cause adverse effects on the coastal ecosystem.

According to the Directive 2008/105/EC, Environmental Quality Stan-
dard (EQS) are required for the chemical status of surface waters including
marine waters. Further research is needed to establish site-specific sedi-
ment EQS in the Huelva Estuary in order to detect earlier or delayed/
chronic signals of adverse effects on marine organisms, and to implement
timely control measures to reduce pollution effects over the years.
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