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Abstract

Several chemical substances are released into the environment, and many of them accumulate in the silt or sludge constituting sediments, at the bottom of rivers 
and lakes as well as in estuaries and seabeds. The ecological and health damage caused by the contamination of sediments by these chemical substances can have 
serious consequences on ecosystems by reducing the diversity of communities, particularly invertebrates, with indirect consequences on fi sh populations, loss of edibility 
of fi sh or shellfi sh, recreational uses affected or impossible, ecological risk assessment can be used prospectively or retrospectively. The general outline of the evaluation 
includes three stages: the formulation of the problem, which aims to develop an analysis plan and defi ne the means to be implemented to characterize the risk, the analysis 
itself, where we collect the data necessary for the assessment of effects and exposure, and risk characterization, where the risk(s) and, as far as possible, the associated 
uncertainties are estimated. The application of this approach to dredged materials is proposed in the form of two successive stages: the fi rst consists of a simplifi ed risk 
analysis, from which we can decide to initiate a second stage of detailed evaluation. The review evaluates the ecological risk associated with the disposal of dredged 
materials in freshwater environments. It examines the impact of dredged materials on biodiversity and ecosystem health, focusing on assessing the extent of ecological 
damage, identifying infl uential factors, and proposing mitigation strategies. 
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Introduction

Among the chemical substances released into the 
environment, many of them accumulate in silt or mud making 
up sediments, at the bottom of rivers and lakes as well as 
in estuaries and oceans [1,2]. Many of the contaminated 
sediments were polluted years ago, by pollutants that are 
now often almost absent from surface waters. The sometimes 
very long-term persistence of these pollutants in sediments 
can cause adverse effects on both the ecosystem and human 
health. The ecological and health damage caused by sediment 
contamination has a real social cost [3]: this is the reduction 
in the diversity of communities, particularly of invertebrates, 
with indirect consequences on fi sh populations, loss of 
edibility of fi sh or shellfi sh, recreational uses affected or 
impossible, and additional costs linked to the management 

of contaminated materials during dredging or cleaning 
operations. The most frequently cited contaminants are metals 
(cadmium, chromium, copper, mercury, nickel, lead, and zinc), 
arsenic, Polychlorinated Biphenyls (PCBs), and polycyclic 
aromatic hydrocarbons (PAHs) [4,5]. Deposits of sediment, 
contaminated or not, can lead to cleaning needs when they 
increase the risk of fl ooding, or reduce the draft of navigable 
parts [6,7]. The problems of contamination of extracted 
materials, encountered by all industrialized countries, very 
early on led to the development of evaluation procedures and 
methods, subsequently enabling management decisions to be 
made [8-10].

The management of these problems of contamination of 
sediments and dredged materials is part of the general context 
of risk management; this always goes through – formally or 
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aims to develop an analysis plan and defi ne the means to be 
implemented to characterize the risk, the analysis itself, where 
we collect the data necessary for the evaluation of effects and 
exposure, and the characterization of risks, where we estimate 
the risks and, as far as possible, the associated uncertainties. 
This process is part of the broader and more complex process of 
risk management, of which only certain stages are mentioned 
in Figure 1. The linear representation adopted for convenience 
is not necessarily consistent with reality, which can admit 
iterations, especially during the problem formulation phase. 
Likewise, certain management plans provide for evaluations at 
several levels (simplifi ed then detailed evaluations).

Data acquisition takes place at different levels of the process; 
it may be pre-existing data or produced for the occasion at the 
problem formulation or analysis stage. The characterization of 
risk, and even more so its subsequent management, gives rise 
to the acquisition of data aimed at verifying forecasts and the 
effect of the measures taken.

Presentation of the different stages

Problem formulation: This fi rst stage of the evaluation 
process is a critical stage, the objective of which is to frame the 
analysis and characterization phases, by precisely identifying 
the data to be acquired, the measurement or evaluation 
techniques, and the framework. interpretation. This phase 
essentially includes three steps [22]: (1) a detailed description 
of the context and integration of available data, (2) selection of 
“evaluation parameters” and development of the conceptual 
model, and (3) development of an analysis plan (Figure 2).

The “evaluation parameters” are a formal expression of 
what we want to protect or evaluate in the ecosystems concerned 
[23,24]. They make it possible to make the link between the 

not – through an evaluation stage, which may not be decisive 
in itself in the decision-making process [11,12], depending 
in particular on the degree of uncertainty inherent in any 
evaluation. of risk. The US EPA (U.S. Environmental Protection 
Agency) has made ecosystem risk assessment a major focus 
of its multi-year ecological research program [13]. Through 
fi eld studies (“place-based research”), it seeks in particular to 
develop methods for assessing risks in situations of multiple 
contaminations, or even the conjunction of “stressors” of 
different natures (physical, biological, and chemical) [14].

The risks targeted by both assessment and management 
concern on the one hand man, his health and his activities, and 
on the other hand ecosystems. These two aspects are generally 
considered separately, notably for practical reasons [15]. The 
assessment of exposure depends on knowledge of transfers 
from the “source term” (the contaminated sediment) to the 
target(s), humans in one case, and one or more ecosystems in 
the other. In any case, the phenomena at stake are the same in 
both cases: it will involve the remobilization of contaminants, 
their biotic or abiotic transformations, water transport or 
accumulation via food chains [16]. The main difference 
between these two types of evaluation approaches therefore 
lies at the level of the “targets”, which are more numerous and 
diversifi ed in the case of ecosystems. This intrinsic complexity 
may seem prohibitive at fi rst glance, and lead to avoiding 
tackling the assessment of ecological risk.

In absolute terms, it would naturally be desirable for the 
management decisions ultimately taken to integrate the 
“health” and “ecosystems” aspects of the evaluation, but 
neither the conceptual framework nor the “tools” currently seem 
ready for this integration. A specifi c guide for the assessment 
of health risks generated by contaminated sediments is being 
prepared under the aegis of the “The Competence Center – 
Polluted Sites & Soils” of Nord-Pas-de-Calais [17]. Ecological 
risk assessment can be used prospectively or retrospectively, 
and in some cases, both aspects can be addressed in the same 
study (for example, this type of approach can be used to 
identify the cause of the decline of a population and evaluate 
the effects of corrective measures) [18]. It can also be used to 
compare different corrective solutions or to establish priorities 
in the case of complex situations [19]. 

The purpose of this review is to assess the ecological risks 
posed to freshwater ecosystems by the disposal of dredged 
materials. The study aims to quantify the potential impact 
on biodiversity, water quality, and overall ecosystem health 
resulting from the presence of dredged materials. By evaluating 
these risks, the study intends to provide valuable insights for 
decision-making processes regarding dredging activities in 
freshwater environments.

Methodological approach for ecological risk 
assessment

General methodological framework

The general diagram, taken up by most authors [8,20,21], 
includes three stages (Figure 1): problem formulation, which 

Figure 1: General framework for ecosystem risk assessment.
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management objectives to be the origin of the triggering 
of the evaluation and the measurements and analyses (or 
“measurement parameters”) to be implemented to carry it out. 
They, therefore, represent elements of the ecosystem likely to 
be affected by the factor(s) of risks studied, without necessarily 
being directly measurable [25,26]. Their formulation must be 
precise, and they must also facilitate communication with 
the parties interested in the evaluation, by putting as much 
emphasis on as possible focus on the elements of the ecosystem 
that are of value to these parties.

The conceptual model is a series of hypotheses based on 
the relationships between the sources of the “stress” studied, 
the effects of this stress, and the effect parameters (endpoints) 
[27]. It can be based on scenarios, in particular when it comes 
to generic evaluations, that is to say not linked to a specifi c 
space. This is particularly the case for chemical substances or 
for the assessment of the eco-compatibility of waste storage 
or recovery scenarios [24,28-30]. This notion of scenario can 
be extended to other areas, as long as there is some interest in 
standardizing approaches.

Analysis phase: It consists of the acquisition of the data 
necessary to characterize the effects of pollutants and the 
exposure of the different targets concerned. The different 
evaluation tools resulting from the formulation of the problem 
that can be implemented can be classifi ed into two main 
categories [24]:

− Experimental models,

− Mathematical models, including statistical models and 
deterministic models.

The experimental models aim to reproduce fi eld conditions 
as best as possible and to observe the consequences of the 
introduction of pollution on ecosystems. Their main advantage 
lies in the realism of the observation carried out (only for the 
duration tested, however) and their main disadvantages lie in 
the cost and time of the studies carried out, in the diffi culties 
encountered in controlling all the parameters of complex 
experimental devices. implemented, as well as in the "black 
box" side of the work carried out when it is not accompanied 

by a parametric study of the observed phenomena. The 
consequence of this "black box" aspect is the impossibility of 
making long-term projections based on the observations made. 
Statistical models require a lot of data and are therefore not 
easily used in operational approaches like the one described in 
this report; These are more research tools, usable on heavily 
instrumented sites [31,32].

The deterministic models are developed after a detailed 
analysis of the physical, chemical, and biological phenomena 
that can occur during the exposure, under the conditions of 
the scenario, of the target ecosystems to the polluted materials 
studied. The prediction of these phenomena can be based on 
theoretical data, but it can also, and this is in our opinion 
entirely desirable given the complexity of the phenomena 
involved in the case of sediment deposits, be based on 
experimental results. Concretely, the analysis of effects will be 
based on biological approaches, which mainly include bioassays 
and bioindicators [33-35].

Exposure assessment consists, in principle, of determining 
the probabilities of contact between the causal factor (stressor) 
and the “targets” (receptors) [24]. It therefore involves the 
analysis of sources, transfers from these sources, and the 
distribution of the contaminant in the environment. This 
analysis can be carried out using theoretical calculations (water 
balance of the site based on data from the hydrogeological study 
of the site, for example) as well as on the basis of experimental 
results (column tests to evaluate the transfer pollutants in the 
context of the water balance, for example).

Risk characterization phase: The characterization of 
risks results from comparing the assessment of effects with 
that of exposure; very generally speaking, there are a variety 
of possible methods, of varying complexity. The choice will 
depend:

− Operational constraints (summary or detailed 
assessment, deadlines, resources, etc.)

− Available data (nature and number).

The following are thus proposed as methods of 
characterizing or estimating risks:

− Field studies (subject, among other things, to 
establishing a causal link): here we can cite the case 
of the poisoning of passerines by carbofuran [23,36]. 
This type of approach will not apply to evaluations with 
predictive purposes.

− Categorization, and classifi cation: these are approaches 
of a qualitative nature, but which nevertheless allow 
the use of mathematical tools. They can be used for 
comparative approaches (for example, comparison 
of two decontamination methods), for which it is not 
necessary to have an absolute answer.

− Quotient method: in this case, we reduce the estimate 
of exposure and that of danger to point values, possibly 
associated with an uncertainty range.

Figure 2: Diagram of the problem formulation phase.
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− Comparisons integrating all stressor/response 
relationships: in this case, the aim is to estimate the 
level of risk associated with a given level of exposure.

Quotient method: In this approach, each of the two 
components of risk (danger, exposure) is represented by 
a single concentration; the value of the exposure/danger 
quotient makes it possible to summarily determine the 
level of risk (if this quotient is greater than 1, the risk is 
considered signifi cant). The exposure component is commonly 
referred to by the acronym “PEC” (Predicted Environmental 
Concentration); it can be estimated by calculation, based on 
knowledge of the source term and the methods of transfer into 
the environment. It can also be determined from measurement 
data, in this case, the PEC will correspond to a statistical 
indicator (average, median in particular) [22]. When several 
compartments (water, sediment, etc.) are examined, it is 
important to determine a PEC for each compartment. The 
danger component is designated by the acronym “PNEC” 
(Probable No Effect Concentration). This is determined from 
the results of bioassays, in principle covering several trophic 
levels. Safety or extrapolation factors are applied to the lowest 
values, so as to take into account variations in sensitivity 
between species (i.e. it is not necessarily the most sensitive 
species that were tested), or within the same species. In other 
cases, for example in the absence of chronic toxicity data, an 
extrapolation factor will be applied to the acute toxicity data 
[35]. The factor ultimately applied is therefore a function of the 
available data set. Extrapolation factors may vary depending 
on regulatory or other contexts; Table 1 presents commonly 
used factors and the corresponding minimum data sets. When 
several compartments (water, sediment, etc.) are examined, it 
is important to determine a PNEC for each compartment [35].

These safety factors, or extrapolation factors, ultimately 
aim to formalize conservative choices in situations where 
uncertainty is typically signifi cant [37,38], since it involves, 
for example, defi ning a level of risk-free concentration for 
freshwater aquatic species based on data on 3 species under 
laboratory conditions. Garcia-Reyero & Murphy, 2018 [37], 
while adopting a generally reserved, even critical, attitude 
on the use of these factors, nevertheless show, on several 
examples, that they can effectively make it possible to embrace 
the range of interspecifi c sensitivities (they cite for example 
the case of data on mammals from the Great Lakes, for which 
50% of the LD50 are included in a range from x1 to x4, and 96% 
at x100).

This quotient approach is currently very widely used, 
particularly in the regulatory framework for the risk assessment 
of chemical substances, or simplifi ed risk assessments [39]. 

The determination of PNEC is also the method most frequently 
implemented in the process of developing quality criteria for 
water [40-42].

Comparing distributions: When we really want to have 
a quantitative assessment, and when the data allows it, it is 
possible to proceed by comparing distributions, concentrations 
of toxic effects on the one hand, and exposure concentrations 
on the other. This type of approach makes it possible to 
estimate a risk probability for an exposure concentration level, 
associated with a confi dence interval [43,44]. This possibility 
will be particularly useful in the case where we want to test 
several risk reduction possibilities or estimate the residual risks 
according to the level of intervention. The different practical 
possibilities amount to comparing a dose-response curve, or 
a distribution of effect values, to a cumulative distribution of 
exposure concentrations [2,45].

Risk assessment for dredged products

The environmental impacts of dredged products, like other 
materials, have been known for many years, and have gradually 
led to the establishment of evaluation procedures, which do not 
always refer explicitly to the risk assessment [46]. However, 
it seems that the introduction of risk assessment approaches 
is a logical evolution of the conformity assessment procedures 
of dredged products [47]. In the marine environment, the 
management of dredged products mainly falls under the 
London Convention (1972) on the prevention of marine 
pollution by depositing waste and other materials [48,49]. 
Deposits of dredged products, as well as sewage sludge, fi sh 
residues, etc., and wrecks, can be deposited at sea subject to 
authorization, following an assessment of their safety. 

Applications

The step-by-step strategy has been applied for a long 
time to the problems of managing dredged products, without 
always making explicit reference to a risk assessment 
framework: in this type of approach, proposed for the marine 
environment, waters fresh inland waters [50] and adapted to 
the North American Great Lakes [51], the aim is to optimize the 
assessment of the potential impacts of the deposit of dredged 
products in water or wetland. To do this, at each stage, the 
possibility of making a decision is examined on the basis of 
the available information, and the next stage, involving more 
sophisticated means of investigation, is only undertaken if the 
uncertainty is too big. More precisely, in the example of the 
Great Lakes, the 4 steps of the approach involve the following 
types of data:

• Criteria for exemption from the test procedure, the 
existence of historical data.

• Physico-chemical and benthic invertebrate data 
collection for this step, calculation by model of the worst 
conditions for the water column and bioaccumulation.

• Toxicity bioassays (6 recommended organisms: for 
the water column, the cladoceran crustaceans Daphnia 
magna, Ceriodaphnia dubia, and the fi sh Pimephales 

Table 1: Commonly applied safety factors.

Typical dataset Safety factor

3 acute toxicity data on organisms representing 3 trophic levels 100

Acute toxicity data, and 1 chronic toxicity data on the most 
acutely sensitive species

50

2 or more chronic toxicity data 10
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promelas; for the sediment, the insect Chironomus 
tentans, the amphipod crustacean Hyalella azteca and the 
oligochaete Lumbriculus variegatus).

• Specifi c approach, in practice no precise 
recommendation.

Although this type of approach does not explicitly claim to 
be an ecosystem risk assessment, it is nevertheless clear that 
it has at least some similarities, in particular the combination 
of biological methods and chemical analyses, as well as 
transfer tests. The main difference is that the conceptual 
model is implicit, as are the evaluation parameters. The risk 
characterization, not mentioned as such, is however carried out 
in a simple manner, the interpretation being centered on the 
quality criteria for the water column. Another criticism could 
be made, less of the approach itself, which appears rational 
and uses standardized tools, than of the management plan for 
dredged products, reduced to a single destination. This scheme 
seems too simple, or even generally inapplicable in the French 
case, where the available spaces are much less numerous and 
extensive.

In the French context, the management scenarios 
mentioned [52] currently include spreading, deposit on land 
with or without containment, landfi ll, recycling, and deposit 
underwater (clapage). There is currently a lack of a precise 
description of these management methods and their variants, a 
description essential to the problem formulation phase of risk 
assessments.

Another diffi culty encountered here in this attempt to 
develop a procedure for assessing the ecological risk of dredged 
products is the absence of a standardized approach for the 
initial characterization of the sediments, which will also be 
used during the problem characterization phase. It would be 
desirable for this approach not only to be based on physical and 
chemical parameters but to include biological parameters, to 
gain relevance in the initial diagnosis.

Figure 3 summarizes all the stages of a dredging project, 
including the initial characterization and the risk assessment 
in its two aspects. When the result of the evaluation leads to a 
risk that is too high in relation to the chosen criteria (see arrow 
b), it is appropriate to defi ne one or more other management 
options and start the evaluation again, unless the data collected 
does not make it possible to characterize the risks for these 
new management options. Likewise, for a given management 
scenario, we can fi rst carry out a “simplifi ed assessment”, and 
then, if the risk is considered too high, move on to a detailed 
assessment as is particularly planned for contaminated sites 
[46,53].

Problem formulation

Gravel pit deposit: It is particularly recommended to 
backfi ll in successive bins (with daily updating of a plan of the 
deposit), proceeding from the hydraulic downstream towards 
the upstream. The piezometric level must not be disturbed 
by this backfi lling, which excludes clogging materials. In all 
cases (regulations on classifi ed installations or water law), 

the materials used for backfi lling must be inert, that is to 
say, materials that “do not undergo any signifi cant physical, 
chemical or biological modifi cation, do not decompose, do not 
burn or produce any other chemical or physical reaction, are not 
biodegradable and do not damage other materials with which 
they come into contact (…). The total production of leachate and 
the pollutant content of the waste, as well as the ecotoxicity of 
the leachate, must be negligible and not undermine the good 
ecological quality of the water (…)” [54]. One of the techniques 
used consists of depositing the sediments in a water gravel pit. 
Figure 4 below corresponds to a schematic representation of 
this type of deposit.

Ecosystem concerned: Even if we do not have detailed 
faunal lists concerning the organisms present in gravel pits 
used for this type of deposit, the presence of a three-level food 
web is very probable, especially if the gravel pits are likely to 
accommodate the dredged sediments are sites frequented by 

Figure 3: Possible approach to conducting a dredging project including taking into 
account environmental risks.

Figure 4: Schematic cross-section of a gravel pit.
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fi shermen. Therefore, we must consider as potential targets in 
the ecological risk assessment an ecosystem comprising [39]:

• Primary producers, phytoplankton, including uni- and 
multicellular green algae, possibly macrophytes,

• Primary consumers, pelagic and benthic micro and 
macroinvertebrates, in particular microcrustaceans and 
aquatic insects,

• And fi nally secondary consumers, including amphibians, 
fi sh, and aquatic birds feeding on invertebrates.

The presence of a 4th trophic level (fi sh for example, or 
piscivorous birds) is obviously probable. This level is subject 
to exposure to sediment contaminants through food, involving 
bioaccumulation phenomena [16]. For the moment, however, 
we do not plan to take this level(s) into consideration in the 
evaluation. It is not that we consider that the populations 
concerned are of less importance from an ecological point of 
view, but rather that the assessment of exposure, in the case of 
secondary poisonings, is much more complex, and that at the 
current stage of development of risk assessment procedures 
and their application in management issues, this complexity is 
not manageable. That said, this is clearly a subject that should 
not be neglected in future developments, especially as it has 
implications for health risks.

Transfer and transformation of contaminants: The main 
transfer routes pass through the aqueous phase (pore water 
then water column located above the sediment or water table). 
Initially, following the discharge of sediments into the gravel 
pit, the pollutants present in the pore water will be partially 
released into the water of the gravel pit and diluted therein. 
The contaminants present in the sediments can then, following 
dissolution/desorption phenomena, pass into the dissolved 
phase or be transferred in colloidal form. The main transfer 
mechanisms are then diffusion towards the surface water 
column and, taking into account the recommendations on the 
creation of the deposit, horizontal percolation in a saturated 
environment towards the lateral groundwater.

Secondarily, transfers of fi ne particles can also occur 
laterally from the surface of the deposit (bottom currents). 
Added to these mechanisms are the phenomena of physico-
chemical or biological transformation. The pollutants 
concerned are those identifi ed at the sediment characterization 
stage (Figure 3) as well as certain toxic natural constituents of 
the sediments, such as manganese, to the extent that it could 
be present in the water under anoxic and reducing conditions 
or after re-oxygenation [55,56], or ammonia [57,58].

Within the sediment, metallic contaminants can undergo 
modifi cations in terms of speciation (see among others 
[59,60]. Organic contaminants can be biodegraded. For 
contaminants like PAHs, biodegradation is in any case very 
slow and weak, particularly in anaerobic conditions, likely to 
occur in the lower layers of contaminated sediments [61,62], 
and with a disappearance especially of the compounds at lower 
molecular weight (approximately 15% in 50 days) [62,63]. 
Some recent work has focused on the photodegradation of 
certain PAHs, which makes them signifi cantly more toxic, but 

this phenomenon does not seem very important for bottom 
sediments [64,65]. These general elements will be completed 
on a case-by-case basis, depending on the contaminants 
actually present in the sediment (Table 2).

The main route of transfer of contaminants is therefore 
linked to the circulation of water in the deposit: release of part 
of the pore water, then diffusion of pollutants towards the 
water column, as well as percolation of groundwater through 
the layer of deposited sediment. From the perspective of 
exposure assessment, transfer processes can be represented 
by ratios (dilution coeffi cients, mass/volume ratio), which is 
essential to determine the design of the analysis plan.

Exposure and effects models: The toxic effects on aquatic 
organisms or sediment organisms depend on the contaminants 
concerned; It will therefore be appropriate, in each case, to 
search for existing bibliographic data on the contaminants 
detected during the characterization phase. In the case of very 
ubiquitous contaminants, such as metals or PAHs. Furthermore, 
certain natural constituents of sediments, such as sulphides, 
can cause toxic effects on aquatic organisms [66,67]. This type 
of effect will occur particularly in the event of a sudden change 
in the structure of the sediment. Also, certain pollutants are 
likely to cause genotoxic effects [68,69]. If we do not yet 
know what additional risk this type of effect can generate, its 
potential consequences are such that they cannot be neglected, 
and that their consideration in the risk assessment procedures 
for the environment must be considered.

Exposure of organisms can be considered at the level of 
the water column, or during contact with the deposit. The 
management scenario studied therefore leads to an interest in 
these two environments:

− The sediment deposited in its entirety could: (1) 
affect the organisms pre-existing in the gravel pit, 
invertebrates, fi sh, or even birds [70], (2) limit possible 
recolonization due to its poor quality.

− The water is in contact with the sediment (sediment-
water interface) in which the contaminants are likely to 

Table 2: Transfer and transformation routes in the case of a gravel pit deposit.

N° Process Environment

1 Re-suspension
Phenomenon occurring at the time the deposit is 

made.

2 Sedimentation
Correlative to route 1, minor phenomenon in gravel 

pit, except in the period following the deposit

3 Adsorption
The controlling factors are the particulate organic 

carbon of the sediment and the granulometry

4 Desorption
Phenomenon opposite to the previous one; the 

passage of contaminants into the aqueous phase 
can be controlled by dissolved organic carbon

3-4
Adsorption/desorption 
at the Water/sediment 

interface

In addition to the control factors cited above, 
bioturbation by burrowing organisms could occur

5 Desorption
Phenomena linked in particular to channels 3 

and 4

7 Bioavailability cf. exposure and effect model

8 Clogging Phenomenon linked to particle size



036

https://www.peertechzpublications.org/journals/global-journal-of-ecology

Citation: Salama Y, Chennaoui M (2024) Assessment of ecological risk for ecosystems caused by dredged materials in freshwater environments. Glob J Ecol 9(1): 
030-041. DOI: https://dx.doi.org/10.17352/gje.000094

diffuse, as well as the pore water diffusing in the water 
column.

As a fi rst step, we will favor standardized or normalized 
means of measurement, even if this means not testing 
all potential targets. This is the reason why the approach 
adopted for the evaluation of effects is based on bioassays on 
invertebrates, algae, and bacteria. The assessment of exposure 
also requires the precise defi nition of the mass/volume ratios 
involved:

− “Surface water volume/sediment volume” (VWS/VS) 
ratio;

− “Surface water volume/volume of pore water sediments 
released” (VWS/VWP) ratio; this ratio is used to determine 
the exposure of species in the water column above the 
deposit, and therefore to set the range of dilutions 
tested;

− “Groundwater volume/gross sediment mass passed 
through by percolation” (VWG/VSP) annual ratio; this 
ratio is used to calculate the concentrations in the water 
table, and therefore allows the volumes of percolates to 
be calibrated.

These ratios, essential to know for the analysis phase 
(conducting tests), are defi ned on the basis of a simplifi ed 
water balance of the site, to be carried out during the 
problem formulation phase, in particular by means of a study 
hydrogeological.

Soil deposit

Regulatory and technical framework: When the landfi ll 
corresponds to a storage center for inert waste (class III 
landfi lls), the regulatory requirements that apply are those 
relating to this type of center. When the deposit on land 
corresponds to specifi c storage of sediments carried out within 
or outside the canal right-of-way, the regulatory requirements 
are less well defi ned. One of the main techniques used consists 
of making an unconfi ned deposit on the soil near or along the 
canal. Figure 5 below corresponds to a schematic representation 
of this type of deposit. If the repository is located far enough 
from the water's edge, certain targets no longer need to be 
taken into consideration, and the evaluation parameters must 
be adjusted accordingly.

− Ecosystems concerned: For this type of deposit, the 
main targets concerned are:The water table located 
under the deposit (target C1) which receives part of the 

percolates (P2) from the sediments. The concentration 
of these is potentially variable over time (P21, P21,…, P2n),

− The ground (C2) located near the deposit, the seat of 
fl ows coming from occasional overfl ows of the deposit, 
and the passage of sediment drainage water through the 
non-watertight dikes of the deposit (P1 percolates),

− And the aquatic environment (C3): canal or other 
watercourse located near the depot which receives the 
runoff water after runoff on the ground.

• Target C1 (Groundwater): The priority for this target 
concerns the protection of water resources. For C1, it 
is therefore proposed to only carry out a comparison of 
the expected concentrations in groundwater with the 
regulatory threshold values defi ned for potable water.

• Target C2 (Soil): Potential target organisms to 
consider are: plants: pioneer plants (chenopods, 
Polygonaceae, etc.) or meadow plants (ryegrass, etc.),/ 
the soil microfl ora (microfl ora of the soil itself and the 
rhizosphere), /and soil fauna including insects and 
earthworms.

• Target C3 (Canal or rivers): The trophic levels and 
potential targets to consider are primary producers, 
phytoplankton, including uni and multi-cellular green 
algae, / primary consumers, pelagic and benthic micro 
and macroinvertebrates, in particular microcrustaceans 
and aquatic insects, / and secondary consumers, 
including amphibians, fi sh and aquatic birds.

Transfer of pollutants: In this scenario, the main routes 
of pollutant transfer are through the aqueous phase. Taking 
into account the method of construction of the deposit, this 
transfer will be either lateral (by overfl ow of dripping water 
from the deposit or by passing through leaky dikes), or 
oriented from the deposit towards the water table. As for the 
“gravel pit” scenario, the transfer considered initially concerns 
the pollutants identifi ed during the preliminary campaigns 
(trace elements, notably copper and zinc; polycyclic aromatic 
hydrocarbons (PAHs); polychlorinated biphenyls (PCBs)), 
as well as manganese and ammonia. Within the deposit, 
metallic contaminants can undergo modifi cations in terms 
of speciation; organic contaminants can be biodegraded. The 
biodegradation of PAHs, the main organic contaminants in the 
present case, will a priori be low given the probable anaerobic 
nature within the deposit and the short residence time during 
runoff on the ground. In any case, this potential degradation 
will mainly concern low molecular weight compounds. The 
main transfer processes associated with the “Deposit on Soil” 
scenario are listed in Table 3.

Exposure and effect model: The toxic effects on target 
organisms depend on the contaminants concerned; It will 
therefore be appropriate, in each case, to search for existing 
bibliographic data on the contaminants detected during 
the characterization phase. Exposure of organisms can be 
considered at the level of the soil and watercourses surrounding Figure 5: Schematic representation of the “Soil Deposit” scenario.



037

https://www.peertechzpublications.org/journals/global-journal-of-ecology

Citation: Salama Y, Chennaoui M (2024) Assessment of ecological risk for ecosystems caused by dredged materials in freshwater environments. Glob J Ecol 9(1): 
030-041. DOI: https://dx.doi.org/10.17352/gje.000094

the repository. The management scenario studied therefore 
leads to an interest in these two environments subject to 
drainage water from the deposit which could: (1) affect the 
microfl ora, vegetation, and fauna of the soil; (2) affect the 
microfl ora, phytoplankton, and fauna of the watercourse. As 
a fi rst step, we will favor standardized or normalized means 
of measurement, even if this means not testing all potential 
targets. This is the reason why the approach adopted for the 
evaluation of effects is based on bioassays on bacteria, higher 
plants, unicellular algae, aquatic invertebrates, and amphibians 
(genotoxicity).

The assessment of exposure also requires a very precise 
defi nition of the mass/volume ratios involved:

• Ratio “annual volume of dripping water per unit area of 
affected peripheral soil” (VDWUA); this ratio determines 
the volume of dripping water added in ecotoxicological 
tests on plants;

• Annual ratio “rainwater passing through the deposit / 
gross mass of sediment passed through” (VWPMS); this 
ratio makes it possible to set the range of volumes to be 
percolated in the columns;

• Proportion of percolates from deposits in the river 
(PPR); this ratio makes it possible to calculate the 
exposure of aquatic organisms;

• Proportion of percolates from the deposit in the water 
table immediately downstream of the deposit (PPN); 
this ratio makes it possible to calculate the residual 
concentrations in the water table below the deposit.

These ratios, essential to know for the analysis phase 
(conducting tests), are defi ned on the basis of a simplifi ed 
water balance of the site, to be carried out during the 
problem formulation phase, in particular by means of a study 
hydrogeology of the site.

Values to protect and evaluation parameters: In the absence 
of precise information on land uses around the deposit, we 

must consider: the general protection of species likely to be 
present, and the preservation of practices such as agriculture.

Therefore, the proposed evaluation parameters can be 
formulated as follows:

− The deposit of sediment must not disrupt the germination 
and growth of plants on the site, particularly those of 
agricultural interest;

− It must also not cause short- or long-term effects on 
aquatic species through runoff;

− Finally, it must not lead to pollution of the alluvial water 
table, in particular with a view to its noble uses.

Conceptual model for soil deposition scenarios: Figure 6 
summarizes the different elements of the conceptual model, 
as they emerge from the previous; the plants tested are on 
the one hand a standard plant and on the other hand, a plant 
that grows on the soil of the site studied. Aquatic invertebrates 
are represented by a pelagic crustacean (Ceriodaphnia dubia) 

Table 3: Main transfer processes associated with soil deposition.

N° Process Environment

1 Resuspension In the context of deposition on soil, this phenomenon occurs mainly at the level of return to the aquatic environment.

2 Sedimentation Phenomenon occurring during each discharge of sediment and which then continues more slowly

3 Adsorption
It occurs within the deposit then at the level of the lateral soil, the soil located under the deposit, and the groundwater.

The control factors include the particle size, the organic matter content, and the mineralogical nature of the sediment and soils 
concerned.

4 Desorption The opposite phenomenon of the previous one, it occurs at the same levels

5 Particle transfer
Major phenomenon during runoff. Also, to be taken into account at the level of the deposit and the soil located under the 

deposit

6 Convection, dispersion
Phenomena occurring at the sediment level in the deposit and in the soil located under the deposit; - with regard to the deposit, 

the percolation takes place in an environment not saturated with water, /- concerning the soil percolation takes place in an 
unsaturated medium (ZNS) then saturated (ZS)

7 Oxidation, reduction, carbonation Phenomena occurring mainly at the sediment level in the deposit

8
Biodegradation and other actions of 

biological agents
They potentially intervene at the deposit level and, to a lesser extent; at the level of the lateral soil, the soil located under the 

deposit; and the tablecloth

9 Clogging Phenomenon linked to particle size

Figure 6: Conceptual model for the soil scenario.
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and phytoplankton by tests on unicellular algae. The details 
of these choices are justifi ed in the report Ecotoxicological 
evaluation of contaminated sediments or dredged materials (II 
- Presentation of test methods).

The parameters measured include survival, growth, and 
reproduction, as well as genotoxicity (on amphibians). As in 
the case of the “gravel pit” scenario, the representation of the 
ecosystem underlying this model is greatly simplifi ed, for the 
same reasons.

How to choose criteria and methods?

[71] classify sediment quality criteria into two categories: 
those that make it possible to establish a cause-effect 
relationship, but do not easily allow mixtures of polluting 
substances encountered in the environment to be taken 
into consideration, and those that, on the contrary, make it 
possible to do so, but remain weak in the domain of the causal 
relationship. In the fi rst category, they place the quality criteria 
obtained by sharing balance and using tests on enriched 
sediments, in the second the co-occurrence approaches are 
based on fi eld studies. This classifi cation is not just an academic 
question if we consider the different uses of sediment quality 
criteria. They can in fact be used to (1) interpret chemical 
analysis data, (2) identify substances or sectors at risk, (3) 
identify the need for more detailed studies in certain sectors, 
(4) carry out an assessment prior to a discharge, (5) establish 
a link between a source of pollution and the quality of the 
sediment, (6) establish regulatory thresholds or (7) restoration 
objectives. We can clearly see that the criteria for which the 
cause-effect relationship is well established are essential for 
uses (4) to (7), while the criteria obtained by the co-occurrence 
approach on fi eld data should not be used. for these types of 
uses.

Several recent publications raise the idea that convergence 
between the different approaches is possible, even desirable. 
[72] was the fi rst to propose a consensual approach for PAHs, 

which appears to have received the approval of the EPA. He 
proposes to retain as the consensual value the arithmetic 
average of the different criteria (TEL, ERL, SLC, EP on the one 
hand, PEL, ERM, etc. on the other hand). For their part [73], 
ensure that the establishment of consensual criteria combines 
the advantages of the two categories mentioned by [71], that is 
to say, that they would have a more causal basis. as correlative, 
and at the same time would take mixtures into account. After 
grouping the existing criteria into two groups, according to 
their respective defi nitions (Table 4), they defi ne a consensual 
criterion per group by calculating the geometric mean.

The predictive nature of TEC and PEC was tested on 
347 results combining chemical analyses and bioassays on 
freshwater sediments [74], according to two methods: on the 
one hand the capacity of individual TEC and PEC to classify 
correctly the sediments, on the other hand, the relationship 
between average quotients calculated using PECs and 
frequency of appearance of the effects. The agreement between 
the concentration of substances and toxicity of sediments (% 
of toxic samples in the concentration ranges, delimited by 
TEC and PEC) appears satisfactory for 20 of the 28 chemical 
parameters studied; the agreement would apparently be 
improved for mercury, naphthalene, dieldrin, etc. if the value 
of the corresponding PECs had been lower.

When we apply the quotient method to evaluate the 
predictive capacity of the criteria in the case of a mixture, 
we also obtain satisfactory results (in particular, 83% of the 
samples for which the average of the quotients is < 0.5 are non-
toxic; 0.5 is proposed as a benchmark value to classify poly-
contaminated sediments according to their toxicity). Likewise, 
the authors fi nd a good correlation between the incidence of 
toxicity and the average quotients. Even if the theoretical basis 
justifying a consensual approach seems quite thin, the practical 
interest is therefore not negligible. However, these consensual 
criteria are based on a reasoned selection of existing criteria; 
on the other hand, the use of consensus criteria, including for 
regulatory purposes, should take into account the fact that 

Table 4: Different consensus criteria and methods.

Type of Criteria Acronym Method Description

Effect threshold (TEC)

Lowest effect level LEL SLC Sediments not or slightly polluted; no expected effects on organisms below this value

Threshold effect level LEL WEA Adverse effects rarely observed below this value

Effect range low ERL WEA Adverse effects rarely observed below this value

Threshold effect level for H. azteca in 28d. 
tests

TEL-HA28 WEA Effects on the survival or growth of H. azteca rarely observed below this concentration

Minimal effect threshold SEM SLC Sediments not or slightly polluted; no expected effects on organisms below this value

Chronic equilibrium partitioning threshold SQAL EqPA
Concentration derived from the chronic effect threshold in water; rare predicted effects 

below this value

Probable effect concentration (PEC)

Severe effect level SEL SLC Heavily polluted sediments; probable effects on organisms above this value

Probable effect level PEL WEA Probable adverse effects above this value

Effect range median ERM WEA Probable adverse effects above this value

Probable effect level for H. azteca in 28d. tests PEL-HA28 WEA Adverse effects on the survival or growth of H. azteca likely above this value

Toxic effect threshold SEN SLC Heavily polluted sediments; probable effects on organisms above this value
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their defi nition includes a certain percentage of type I (TEC) 
or II (PEC) errors.

A certain number of works on quality criteria, in water 
or in sediments, address the problem of adjusting “generic” 
criteria to the specifi c conditions of a region or site. This 
involves, for example, taking into account the infl uence of 
water hardness on the toxicity of trace elements [75,76], or 
the infl uence of sediment particle size on the bioavailability 
of contaminants [77]. It may also involve considerations of 
“natural” concentrations of trace elements, deemed to be 
supported by organisms, and therefore to be distinguished 
from “anthropogenic” concentrations in the determination 
of quality criteria; in this case, the notion of added risk is 
introduced, and the concentration corresponding to the level 
of risk retained for the criterion considered is added to the 
regional background value [45].

Conclusions and perspectives

This study marks the initial phase in developing procedures 
to evaluate ecosystem risk from dredged materials. It involved 
illustrating the ecological risk assessment process, creating 
customized methods for sediment assessment, and testing 
management scenarios. The study also proposed simplifi ed 
criteria for evaluating dangers. However, while the process 
is proven applicable, more experiments are needed to fully 
demonstrate the operational effectiveness of the proposed 
conceptual models and ecotoxicological tests due to the limited 
sample size used in the study. Likewise, it is evident that there 
are areas within the current risk assessment framework that 
require further attention and refi nement. The choice between 
TEC or PEC inclusion in the risk quotient for simplifi ed 
evaluation, the need for more robust effect models, especially 
in scenarios such as soil deposition, and the consideration 
of overlooked categories like microfl ora and microfauna 
all highlight the need for a comprehensive methodological 
guide. Additionally, there is a clear necessity for improved 
exposure models and the calculation of transfer or dilution 
ratios to ensure accurate risk assessments. Addressing these 
shortcomings can lead to a more thorough and reliable risk 
assessment process in the future. The conceptual models 
proposed for these two scenarios are very simplifi ed models, 
which raises the question of verifying the relevance of these 
simplifi cations – for example by including fi eld approaches. 
The uncertainty regarding the risk determined at the end 
of the process was also not examined; However, this is a 
critical point, particularly with regard to risk management 
downstream of the evaluation process. Finally, to the extent 
that other management scenarios can be used, other conceptual 
models may need to be constructed; However, it would fi rst be 
appropriate to take an inventory of the management methods 
for the extracted materials.
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