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ABSTRACT

Surface sediments from two ports affected
by mining activities (Cartagena and Huelva)
were characterised following the traditional
physicochemical characterisation based on
contaminant concentrations together with
laboratory toxicity tests. The toxicity tests
included acute and chronic methodologies
both on the whole sediment and on the
sediment elutriates. As expected, sediments
reported remarkable concentrations of
metals, some failing the higher limit values
for open-water disposal, and organic
contamination in some areas affected by
industrial and shipping activities. 

The toxicity assessment results showed
differences amongst the two studied zones:
the port of Huelva reported significant
toxicities both for the whole sediment and
the elutriate tests, while the sediments
from the port of Cartagena reported
significant toxicity only for some whole
sediment bioassays. These sediments
provoked little or no adverse effects for
other benthic species and similar responses
to controls for elutriate tests. These results
show that SQGs are not always a good
predictor for sediment toxicity, especially 
for evaluating the risks of elutriate waters.

In this sense the advantages and
disadvantages of laboratory toxicity tests
for dredged material characterisation and
its use in ecological risk assessment for
decision-making is further discussed. 

The author would like to thank Jesús M. Forja
and T. Ángel DelValls, both of the University
of Cádiz, Spain for their contributions and
support. The paper received the IADC Award
at the PIANC Conference in Estoril, Portugal
and first appeared in the Proceedings. It is
reprinted here in a slightly revised form
with permission.

INTRODUCTION

During the last decades a number of
international conventions on marine
environmental protection have encouraged
impact assessment to evaluate potential
effects on human health, living resources,
amenities and other legitimate uses of the
sea owing to dredged material disposal
(Burt and Hayes, 2005). Even though the
greater proportion of dredged materials 
is similar in environmental terms to the

sediments that are present naturally, a small
proportion of sediments is contaminated
and may represent a real threat. 

The extent of sediment contamination is
largely influenced by operations carried 
out in ports and waterways, such as
passenger traffic, freight shipping,
“accidental” spills or “intentional”
discharges occurring close to navigational
routes. Point source control measures have
significantly contributed to reducing
sediment contamination in recent years.
Nonetheless short and long-term sources,
as the result of past and present activities,
may have contributed critically to
worsening the environmental quality 
of litoral ecosystems. 

The anthropogenic substances
accumulating in aquatic systems can be
distinguished into two groups: nutrients
and pollutants (Goossens and Zwolsman,
1996). Amongst other substances, metals,
metalloids, oil and grease, hydrocarbons
and pesticides are pollutants traditionally
found in ports and waterways, though the
extent of environmental pollution depends
on the nature of the activities performed,
the characteristics of the area and the
control measures adopted.

Above, Figure 1. Fisheye photo of the port of Cartagena

with yacht and freight harbours visible. 
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A great proportion of dredged materials
has to be disposed of into the same 
aquatic system for economical, technical or
logistical reasons. This management option
is considered if sea disposal is identified as
the least detrimental option according to
the characterisation of the sediments to be
dredged and after completing the dredged
material management framework. 

One of the clearest dredged material
assessment frameworks was presented by
Burt and Hayes (2005) and the subject of
pre-dredging investigations for materials
characterisation to evaluate the environ-
mental aspects of dredging operations 
have been addressed in several guides 
and recommendations set up by different
groups of experts, such as the one from 
the IADC-CEDA series on environmental
aspects of dredging (Peddicord and Dillon,
1997) or the one recently published by
PIANC (2006). These guides seek to lead
the reader through a “highly focussed,
cost-effective evaluation of the potential
environmental impacts of dredging
operations” that can be summarised in 
four steps (Peddicord and Dillon, 1997):
Step 1: Project planning, including the

nature and scope of the activities,
the potential dredged material
placement options and the
regulatory requirements.

Step 2: Initial evaluation, where available
data is examined, may lead to the
conclusion that no further pre-
dredging evaluations are needed
is gathered if needed, one
proceeds to Step 3.

Step 3: Physical, chemical and biological
characterisations of dredged
material.

Step 4: Interpretation of results of the
data assembled and evaluated.

This study looks at the methodologies and
endpoint measurements involved during
dredged material characterisation in
relation to environmental risk assessment
and dredged material management frame-
works. Specifically the use of biological
tests in the context of navigational
dredging is addressed in two case studies
consisting of sediments from two areas
with known metallic contamination. 

An integrated approach, designed to meet
the international recommendations on the
application of biological tests for dredged
material characterisation and management
(PIANC, 2006), has been used to characterise
harbour sediments and the results are
presented to study the uncertainties on the
use of the different methodologies involved
and to improve confidence in decision-making
as gaining experience and knowledge.

Nonetheless the results cannot address 
the questions related to the project itself
(Steps 1 and 2) because of its hypothetical
nature. This study is part of the research
developed at the University of Cádiz for 
the implementation of an integrated
approach including biological endpoints 
for dredged material characterisation in
Spain (DelValls et al., 2001; 2003). 

STUDY AREAS

The ports included in this study are located
in areas affected by important mining
activities: the port of Cartagena and the
port of Huelva (Figures 1, 2 and 3). 

Cartagena
The port of Cartagena is located close to
the city of the same name on the southeast
coast of Spain. The city of Cartagena has
been under the influence of an abandoned
lead-zinc (Pb-Zn) mining district, which
originates date back to the Roman Empire. 

This region became one of the most
representative open cast mining areas in
Spain after the middle 20th century that led
to an intensive movement of metals that
ultimate entered the aquatic environment
through direct and indirect deposition. 
The ore vein was mainly composed of

Figure 2. The port of Huelva with freight ships at the loading docks.



galena (PbS) and sphalerite (ZnS) with other
minor elements such as nickel (Ni) and
cadmium (Cd) (Marguí et al., 2004).
Furthermore the city experienced some
industrial development during the 1960s
and nowadays there are several chemical
and metallurgical factories located in the
surroundings of the harbour facilities – an
electrolytic Zn plant, different fertiliser plants,
a Pb smelter closed since March 1992, 
a fertiliser plant closed since 1993, a power
plant, an oil refinery and a shipyard. 

Huelva
The other area under study is the port of
Huelva, located in the South Atlantic coast
of Spain. The Ría of Huelva comprises the
estuary of the rivers Tinto and Odiel, which
form the Padre Santo Channel (Figure 3).
The area delimitated by these two rivers is
characterised by important mining and
metallurgical activities dating back three
thousand years and based on pyrite (FeS2)
and other sulphuric minerals. This estuary
suffered from continuous metal discharges
over centuries through acid mine drainage
and solid wastes, which represent an
important long-term contamination source. 

Three industrial areas are present in the
Tinto and Odiel catchment areas: the first
one upstream in the Tinto River, a second
one located in the Odiel River before it

joints the Tinto, and a third one just after
this confluence. These areas include a
cellulose factory in the Tinto River
catchment area, which produces high
quantities of pyrite ashes, different
phosphates and fertilisers plants, a copper
and sulphuric acid factory and a power
plant, a petrol refinery and different
chemical plants are located in the left
margin of the channel. 

APPROACH

Sediment sampling
The sediment samples were collected in
April 2003 with a 0.025 m2 Van Veen 
grab from approximately the top 20 cm. 
On arrival to the laboratory, sediments were
homogenised and stored at 4ºC and
darkness prior to analysis. For each study
area, CEDEX and the University of Cádiz
selected four sampling stations (Figure 3).
As Figure 3 shows, two inner stations were
selected in Cartagena, one on the east (C1)
and a second one in the western bay (C2).
The other two stations were located on 
the east and west external part of the bay
(C3 and C4, respectively). 

In Huelva four different stations were
sampled and numbered going seaward
along the estuary. 
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Physico-chemical characterisation
The characterisation of sediments was
performed on sediments dried at 40ºC 
for 24-h and followed the CEDEX
Recommendations for Dredged Material
Management (1994). Grain size distribution
followed UNE 103 101 and total organic
matter content was estimated by loss of
ignition (LOI) at 550ºC and gravimetric
determination, as recommended for small
dredged volumes. Metals were determined
in microwave acid-digested samples. 
The concentrations of Cd, Pb, Cu, Zn 
and Cr were determined using flame or
furnace atomic absorption spectrometry,
depending on the metal content. 
Mercury was determined using the cold
vapour technique and for As the hydride
generation technique was chosen before
quantification using atomic absorption
spectrometry. 

PCB congeners #28, 52, 101, 118, 138,
153 and 180 and polycyclic aromatic
hydrocarbons (PAHs) were quantified 
after extraction with cyclohexane and
dichloromethane by means of ultrasound
treatment, before concentration and 
clean-up with column chromatography.
Determination of PCBs was made with gas
chromatography with electron capture
detection (GC-ECD) (EPA 8080) and 12 PAHs
(acenaphtylene, acenaphtene, anthracene,
benz(a)anthracene, benz(a)pyrene, chrysene,
dibenz(a,h)anthracene, phenanthrene,
fluoranthene, fluorene, naphthalene and
pyrene) were determined with HPLC with
fluorescence detection (EPA 8310).
Detection limits were 0.8 and 10-30 µg kg-1

dry weight of sediment of PCBs and PAHs
respectively. Recoveries of analytes
determined ranged from 60% to 120% and
all the analytical procedures were checked

with reference materials and allow agreement
with certified values. 

Ecotoxicological characterisation
Bioassays are, amongst other things,
required for the characterisation of the toxic
potential of dredged sediments and for
environmental risk assessment of the
disposal of dredged material. For that reason
marine bioassays are also recommended 
in several dredged material management
guidelines (Peters et al., 2002). 
These guidelines recommend sensitive 
and standardised sediment-dwelling or
sediment-associated test organisms that 
are reasonably similar to those found 
– or expected to be found – at the site
(Chapman and Anderson, 2005) to assess
acute and chronic toxicity. Generally a set
of 2-4 bioassays with different taxa are
recommended to assess acute toxicity. 

If biological tests are used to clarify gaps 
of information in decision-making the
selection of test species and endpoints
should include sensitive organisms
(ecological receptors) in the environment
that may be exposed to the contaminants
and should address all the exposure
pathways that may operate to bring
contaminants into contact with the
receptors. In the particular Spanish case,
the framework assumes that the general
goal of the assessment is to determine
whether a dredged material, proposed 
for open-water disposal, is likely to cause
adverse impacts at the disposal site. 
Thus, the receptors of concern include
invertebrates that live in the sediment,
animals and plants living on the sediment
surface, bottom-associated fish, pelagic fish
and invertebrates, birds and other wildlife,
and humans using the site (PIANC, 2006). 

The biological tests derived from the
assessment hypotheses are summarised in
Table I. Direct benthic effects were assessed
in the amphipod Corophium volutator, 
the polychaete Arenicola marina and the
irregular sea urchin Echinocardium cordatum.
These three organisms are infaunal benthic
species in direct contact with the sediment
where they are buried. In addition the clam
Ruditapes philippinarum was included to
assess the potential effects of sediment
resuspension events. This commercial clam,
also known as the Manila clam, is an
infaunal bivalve that lives buried in the
sediments. Contrary to the others, this
species is a filter-feeder, feeding on the
overlying water thus it addresses specifically
direct water column effects. 

To complete the assessment of direct water
column effects the sediment elutriates were
tested for toxicity in sea urchin embryos
and rotifers. In this way the test set
includes both acute and chronic exposure
(i.e. acute are the 10/14-d tests and chronic
the 7-d rotifer population decay test; 
the embryogenesis success is considered a
sub-chronic endpoint) and lethal and
sublethal endpoints (i.e. survival and
burrowing activity). In addition bioaccumu-
lation potential of compounds that are
known to bioaccumulate and biomagnify 
in aquatic food webs, such as PCBs or
mercury, was evaluated by measuring the
residue concentrations in clams after the
standard 28-d exposure and lugworms after
the 10-d of exposure. 

Finally the results of the Microtox® device
following the standard protocol for soil and
sediments SPT were considered owing to its
potential suitability to screen for toxicity in
dredged sediment samples.

Table I. Bioassays developed for the sediment ecotoxicological characterisation.

Test species Exposure route Exposure time Endpoint
Vibrio fischeri Whole sediment 30-min Bioluminescence inhibition
Corophium volutator Whole sediment 10-d Survival
Arenicola marina Whole sediment 10-d Survival
Echinocardium cordatum Whole sediment 14-d Burrowing/survival
Ruditapes philippinarum Whole sediment 14-d Burrowing/survival Bioaccumulation
Brachionus plicatilis Elutriate 7-d Population decay
Paracentrotus lividus embryos Elutriate 48-h Embryogenesis success
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Data treatment and interpretation
The results of the physico-chemical measure-
ments were studied in relation to the
guidelines recommended in Spain for dredged
material management. These guidelines
follow an action level approach based on
the use of two different limit values (the 
so-called Action Levels –ALs) that are used
to classify the sediments in three different
management categories. Despite the higher
complexity of the classification process the
chemical concentrations measured in the
sediment samples were compared directly
with the national ALs for dredged material
characterisation (Table II). In this way it was
possible to identify the category for each
sediment and the contaminants of concern
in each area under study. 

The biological endpoints were studied in
relation to the negative toxicity controls
carried out with each batch of experiments.
This control consisted of a sediment free of
all contamination and toxicity for the solid
phase bioassays and clean seawater for the
elutriate tests. A difference of 20% between
the controls and the test and reference
sediments is neither different nor environ-
mentally relevant in short-term (e.g. 10-d)
acute tests. Thus, if all sediment toxicity
endpoints are 20% different from the
reference, the sediments are not considered
toxic even if the difference is statistically
significant. As a screening test, the Microtox®

results were compared with the Canadian
limit value established at 1000 mg/L d.w.
for disposal licencing (EC, 2002). Statistical
analyses were performed by means of the
statistical programme STATISTICA®.

CASE STUDY 1: HUELVA

The sediments from Huelva reported
significant differences in the proportion of
fines, the organic matter content and the
chemical load showing a clear decreasing
trend along the estuary (Table III). The inner
station (H1) was characterised by the
highest proportion of fines and organic
matter and also the highest concentrations
for most chemical compounds while H4,
the station in the external estuary, was a
typical coarse sediment free of all
contamination. Stations H1 and H2, that
are actually more influenced by the rivers,
consisted of fine sediments rich in organic
matter with As and Cu concentrations
higher than the corresponding AL2 for
aquatic disposal authorisation and
intermediate concentrations of Hg, Pb and
Zn (Table IV). The higher concentration of
Ni reported for station 3, located close to a
petrol refinery, evidenced the importance of
addressing point sources in the general
assessment framework. The organic
micropollutants also identified some
enrichment in the inner estuary and PCBs
were the only micropollutants detectable in
the two inner stations (H1 and H2). 

In general the ecotoxicological
characterisation of harbour sediments from
Huelva was in agreement with the results
of the physico-chemical analyses. The IC50
values obtained from the Microtox® device
identified the two inner sediments (H1 and
H2) as potentially toxic (Figure 4). 
These sediments reported the highest
contaminant concentrations in sediments,

although the plot of IC50 values indicates
that some factor, for which the proportion
of fines or the organic matter content
accounts for, may be determining the
performance of this endpoint. 

These results are in agreement with
previous studies that reported the highest
toxicities for the inner sediments (Usero et al.,
2001) and are explained by the high
precipitation of metals in this area.
Precipitation of metallic species such as
sulfates or carbonates, easily bioavailable
because of the weak links that bound these
metals to sediments, occurs in the lower
Odiel and Tinto rivers as a consequence 
of changes in pH and salinity. 
This precipitation is higher in the inner
estuary and decreases in intensity going
seaward along the estuary because of the
gradient in the variables controlling these
processes (Usero et al., 2000). Nonetheless
the proportion of fines sediments has been
identified as one of the main factors related
to false positives – defined as the samples
that are considered toxic by this test but do
not cause toxicity to other test organisms –
when using the Microtox® device for
sediment toxicity assessment. On the other
hand, a high proportion of sands may
cause false negatives – defined as the
samples that are considered not toxic by
this test but cause significant toxicities to
other test organisms – (Ringwood et al.,
1997; EC, 2002). 

False positives are less relevant from an
environmental point of view since these
samples can be properly addressed under a
tiered approach, but a high probability of
false negatives of toxicity is considered an
important drawback for a screening test. 

High toxicities in the rest of sediment
toxicity tests supported the potential
toxicity identified for the finer sediments
through a first screening. The sediment
with a higher proportion of sands, that was
not a positive of toxicity for the Microtox®,
did cause toxic effects and evidence the
importance of sediment properties when
interpreting the results of the Microtox®

assay. Considering the test species and 
the exposure routes addressed by each
endpoint, dredged materials from the 

Table II. Contaminants determined in sediments and Action Levels used for
dredged material management (CEDEX, 1994). All values expressed in mg kg-1

except PCBs, expressed in µg kg-1.

Compound Action Level 1 Action Level 2
As 80 200
Cd  1.0 5.0
Cr 200 1000
Cu 100 400
Hg 0.6 3.0
Ni 100 400
Pb 120 600
Zn 500 3000
Σ7-PCB 30 100
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Ría of Huelva may pose a risk through
contact with the whole sediments but also
through exposure to the sediment
elutriates. Some decrease in elutriate
toxicity for the inner sediments (H1)
indicates that organic matter may decrease
the bioavailability of contaminants by
decreasing its solubility to the water
phases. Nonetheless toxicity through
elutriate and whole sediment exposure was
still significant. The sediment organic
matter content can be also considered an
important confounding factor when using
organisms such as rotifers, that should be
in starving conditions but may obtain extra
food from elutriates, but it is not relevant
for echinoderm larvae because they do not
need extra food (Apitz et al., 2005). 

Tissue concentrations in clams under
laboratory exposure indicated that metals
bioaccumulate from sediments although a
significant elevation in contaminant tissue
concentrations in test organisms does not
necessarily mean that risks to upper throphic
levels are likely. However it is reasonable to

conclude from a failure to statistically
distinguish the dredged material and
reference exposed organisms that risks to
upper trophic levels are unlikely (PIANC,
2006). Considering that the extent of
bioaccumulation at higher trophic levels 
in the food chain is unknown, further
assessments (e.g., trophic transfer
modelling and dose calculations) should
also be considered for those compounds
with known biomagnification potential
(PCBs, mercury).

CASE STUDY 2: CARTAGENA

The sediments from Cartagena were more
similar in grain size and organic matter
content than the sediments in the previous
case study that formed a clear gradient of
sediment properties (Table III). The chemical
characterisation evidenced that dredged
materials from Cartagena are affected by a
“cocktail” of contamination consisting of
different metallic and organic compounds
mixed at different concentrations. Dredged

materials from Cartagena would fall into
category III with high Cd, Cu, Pb, Hg and
Zn concentrations. These sediments also
reported high PCBs and detectable
concentrations of PAHs. The Microtox®

evidenced potential toxicity for all sediments
except C3 (Figure 4), that reported the
lower proportion of fines, while the rest of
tests reported very variable toxicity in the
different endpoints measured. All sediments
were toxic to amphipods and, at the
highest sediment concentrations, toxicity to
polychaetes also occurs. On the opposite
side, the sediments evidenced neither
elutriate toxicity nor lethal and sub-lethal
effects on clams. 

Considering the results obtained in Huelva
it seems that the contaminants bound to
sediments from Cartagena are not
bioavailable in the water phases although
chemical measurements were not
performed on the elutriates. Nonetheless,
clams bioaccumulate Cd, Cu, Pb, Zn and
especially Hg at higher concentrations than
clams exposed to a reference sediment,
which indicates that bioaccumulation of
contaminants can occur even if toxic effects
are not evident. 

LINKING SEDIMENT CHEMICAL 
AND ECOTOXICOLOGICAL
CHARACTERISATION

Several approaches are used to link
sediment chemical and ecotoxicological
endpoints that can be used to incorporate
biological endpoints in dredged material
management.

Table III. Grain size and organic content of the sediments (g·kg-1).

Sample % coarse % sand % fines Organic content
H1 0.07 9.71 90.22 20.27
H2 0.19 9.60 90.21 10.64
H3 0.03 56.02 43.95 6.30
H4 80.34 19.65 0.01 1.00
C1 3.95 38.24 57.81 10.54
C2 5.22 53.59 41.19 9.12
C3 0.93 67.20 31.87 7.19
C4 0.90 50.01 49.10 9.87

Table IV. Results of the physico-chemical characterisation. All values expressed in mg kg-1 except PCBs, expressed in µg kg-1.

As Cd Cr Cu Hg Ni Pb Zn PCBsa PAHsb

H1 840 4.35 32.9 1938 2.38 34.6 383 2458 200 n.d.
H2 531 2.50 24.1 1497 1.99 7.10 385 1857 229 n.d.
H3 273 1.32 8.13 772 1.20 129 217 1176 n.d. n.d.
H4 4.70 n.d. 9.70 1.90 0.04 0.80 5.30 20.9 n.d. n.d.
C1 101 98.5 66.6 666 136 29.0 1397 8661 123 0.91
C2 64.7 17.5 45.6 313 32.7 15.3 748 1885 468 1.03
C3 88.0 31.9 57.6 453 115.2 19.3 1397 3310 108 0.66
C4 62.6 6.79 29.5 171 21.6 19.3 487 901 119 1.24

*n.d. means not detected or lower than the corresponding detection limit; 
a Σ7-PCBs; 
b Σ12-PAHs.
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Three questions can summarise concisely
the information needed: 
1) Are the contaminants of concern present

in the sediment and at which levels? 
2) Are these contaminants bioavailable? 
3) Are these contaminants causing adverse

biological effects? 

The information arising from the assessment
framework should be able to address these
questions. In the two ports studied, 
the sediments reported high concentrations
of different metallic and organic compounds
(Table V). Huelva was principally affected by
metallic contamination despite that higher
concentrations of some organic compounds
were reported at the inner sampling sites.
Even if it is not possible to identify the
causes of toxicity, statistically significant
reduction of survival in different benthic
organisms occurs. The sediment-bound
contaminants were bioavailable according 
to the high toxic effects registered and, 
in addition, the gradient of toxicity agreed
with the gradient of physico-chemical
properties thus it is probable that toxicity is
caused by sediment-bound contaminants. 

In the second case study, in Cartagena, 
the relationship between contamination
and toxicity is not straightforward, 
possibly owing to the different sources of
contamination in the area and the higher
complexity of the sedimentological
processes in this harbour. The overall toxicity
could be considered significant because
multiple endpoints exhibit major toxicological
effects, and these effects could be in some
way related to sediment-bound
contaminants by the decrease in toxicity 
for the lower sediment concentrations. 

Considering these results in the general
framework for dredged material
management it seems that the
ecotoxicological characterisation supports
the results of the physico-chemical
characterisation. But this type of tests is not
probably considered when a tiered-action
level approach such as the one
recommended in Spain is used. When the
chemical concentrations are high, dredged
sediments are not afforded further
ecotoxicological assessments to decide
whether or not they are suitable for open-
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Figure 4. Results of the ecotoxicological characterisation of the sediments selected in this study. Toxicity is identified with
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water disposal, and the corresponding
management strategy is selected according
to sediment chemical concentrations alone. 

Although the physico-chemical approach is
useful to identify the contaminants of concern
and even identify toxicity “hot spots”
(Long et al., 2000; Casado-Martínez et al.,
2006), certainly the physical, chemical 
and biological inter-relationships of
sediment/water combinations are far too
complex to be evaluated through a rather
simplistic approach. Dredging simulation 
by elutriate tests accurately predicted
concentrations of metal released to the
water column from contaminated
sediments and long-term effects of
dredging because of deposition of
contaminated material (Edwards et al.,
1995; Alden III et al., 1982; 1987). 

Further validation programmes have
demonstrated that effluent and surface

water quality predictive methods have 
good utility for predisposal evaluation of
dredged material intended for upland
disposal. Thus it can be suggested that
laboratory toxicity tests can also be 
useful methodologies for decision-making

when dealing with materials not 
suitable for open-water disposal. 

Table V summarises the information
obtained in each of the methodologies
used to characterise dredged material. 

Table V. Results of dredged material characterisation.

Sampling Category Contaminants of concerna Toxic effectb

Station CEDEX Pelagic Benthic 
(1994) organisms organisms

H1 IIIa As, Cu – +++++
H2 IIIa As, Cu + ++++
H3 IIIa As, Cu + +++++
H4 I -- + –
C1 IIIb Cd, Cu, Hg, Pb, Zn, PCBs – ++
C2 IIIb Pb, Hg, PCBs – +
C3 IIIb Cd, Cu, Hg, Pb, Zn, PCBs – ++
C4 IIIa PCBs – +++

a Compounds exceeding the corresponding AL2.
b Identified based on one or more toxicity for bioassays.

Table VI. Dredged material categories and management requirements according to Spanish recommendations (CEDEX, 1994).

Category Concentrations Aquatic disposal Type of licence Requirements
I C< AL1 Free aquatic disposal Normal authorisation Sedimentological studies and biological

effects (physical/mechanic)
II AL1< C< AL2 Disposal under controlled conditions Special authorisation - Controlled disposal and justification. 

- Impact hypothesis.
- Environmental control management.
- Corrective measures 

III C> AL2 Disposal under adequate Special authorisation - Contaminants sources study and 
management techniques source control measures.

- Isolation techniques and justification. 
- Impact hypothesis.
- Environmental control program. 
- Corrective measures

Figure 3. The recreational value of the Cartagena yacht marina depends on the cleanliness of the waters.
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CONCLUSIONS 

If a tiered testing approach is used for
dredged material management, the first
important step is the compilation of all
available information. This can sometimes
be enough for decision-making if sound
scientific information is available. In Spain,
however, previous assessments are only
available for a few ports. In such cases the
process should be followed to the next tier
which includes the physicochemical
characterisation of the sediments and
possibly some test to screen for toxicity. 

Taking account of the advantages of a
commercial test the Microtox® offered
promising results, offering a different toxicity
trend not related to whole sediment toxicity
but also not related to elutriate toxicity
(Casado-Martínez et al., 2006). The Spanish
recommendations for dredged material
management (CEDEX, 1994) include a next
tier comprising a battery of toxicity tests for
those sediments with intermediate
contamination or in the case that potential
adverse effects are identified. For these
intermediate contaminated sediments a
battery of tests including solid phase bioassays
to assess potential toxicity to benthic
organisms and elutriate tests to determine
potential toxicity to organisms living in the
water column is recommended. In this sense
the test using amphipods seems more
sensitive than the test using polychaetes and
benthic sea urchins while embryogenesis
success seems more recommendable than
the bioassay using a rotifer population. 
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