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To characterize the spatio-temporal variation of sediment ecotoxicity in a retention/detention basin, a monitoring 
program using the Heterocypris incongruens bioassay was carried out for 72 months (5 years) on a field basin close to 
Lyon in France. Results showed that the variation of ecotoxicity is relatively small from one location of the basin to another, 
apart from sediment sam-pling collected in an open-air chamber located in basin supposed to collect gross pollutants and 
hydrocarbons. Regarding the temporal variation of ecotoxicity, the bioassays also showed a slight variation between 6 and 
72 months. On the contrary, they highlighted the high ecotoxicity of the “fresh” sediments collected during rain events 
using sediment traps. Additional investigations are needed to understand the period of inflexion of ecotoxicity, occurring 
between 24 h and 6 months. These results can be used by practitioners of urban facilities and networks to improve 
mainten-ance strategies of retention/detention basins.

Introduction

Stormwater retention/detention basins and the

ecotoxicity of their sediments

Stormwater retention/detention basins are now often incorpo-

rated in urban stormwater management systems. They fulfill

two main roles: (i) to reduce flood risks and (ii) mitigate the

pollution of aquatic environments through the settling of pol-

lutants (metallic compounds, hydrocarbons, etc.) bound to

suspended solids.[1,2] Settling processes lead to the accumula-

tion of contaminated sediments at the bottom of these

basins[3–6] that then have to be managed. However, there is a

lack of data in the scientific literature on the characterization

and the long-term evolution of the sediments ecotoxicity.

Their characterization generally involves global parameters

(humidity, content in volatile matters, content in nitrous com-

pounds, etc.) and the presence of several families of chemical

substances such as heavy metals and hydrocarbons.[7–9] The

in-depth ecotoxicological characterization of sediments is

necessary to optimize their management and define the appro-

priate elimination or recovery procedure after cleaning.

Indeed, the chemical characterization enables to identify sev-

eral chemical components involved in the toxicity of sedi-

ments,[10–13] but it is not enough as it does not integrate the

detailed chemical interactions (“cocktail” effect[14,15]) of the

pollutants present in the sediment samplings. All interactions

between pollutants (synergetic and/or antagonistic effects) can

considerably modify the ecotoxicity of the global matrix. Thus,
the solution for obtaining this global assessment is to carry out
bioassays (or ecotoxicity tests) on the targeted matrix or ecosys-
tems.[16,17] Consequently, a battery of adapted bioassays was
prepared for studying sediments sampled from this type of
basin.[18] This battery was formulated on the basis of results from
initial works performed on urban sediments,[19–21] showing the
need to work with organisms adapted to this type of material
and highly sensitive to pollution, given the moderate ecotoxicity
of urban sediments in comparison to matrices often studied
by ecotoxicologists (wastes, polluted industrial soils, etc.).[22–24]

Objectives of the project

The objective of this article is to characterize the spatial-
temporal evolution of the ecotoxicity of sediments in a storm-
water retention/detention basin by means of Heterocypris
incongruens bioassay. This article aims to provide information
on the ecotoxicity of sediments collected at specific locations
and times in a basin and allows identifying appropriate recom-
mendations for the maintenance of such systems.

Materials and methods

Presentation of the field retention/detention basin

The field retention/detention basin is located at Chassieu (a
city close to Lyon in France). It drains stormwater from an
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industrial catchment area covering 185 ha, with an average
slope of 0.4% and an impervious coefficient of about 75%.

The catchment is drained by a separated stormwater net-
work supplying a system composed of the retention/deten-

tion basin linked to an infiltration basin. The article only
addresses the characterization of the sediments in the first
compartment (the retention/detention basin) supposed to

trap polluted particles by settling and prevent the infiltration
part from clogging. The volume of the basin is 32,000m3

with a bottom area of approximately 1 ha. The basin was

cleaned in 2006, then in March 2013. Five sampling points
were selected based on the spatial distribution and amount
of sediments.[9,25] Figure 1 shows their location.

To have enough sediments for sampling and analysis, as
well as to account for potential seasonal effect, four succes-

sive sampling campaigns were performed. The first was per-
formed before the basin cleaning (sediment age: 72months),
the others were performed 6months, 15months and

37months after the cleaning.
Among these points, P12 is a particular sampling site. In

this point, there is a small open-air chamber supposed to
trap gross pollutants and hydrocarbons. The sediments from
this point were taken at the bottom of the chamber.

Sampling of sediments accumulated in the basin

The quartering method was used to sub-sample the sedi-
ments[26] and guaranty the representativeness of the samples

collected (Fig. 2). Finally, the sediments collected (�1 kg)
were packed and placed in different containers for chemical
and ecotoxicological analyses.

Sampling of fresh sediments (sediment trap)

The fresh sediments settled during a storm event were col-
lected using sediment traps placed at the bottom of the

basin. Each trap was composed of three plastic tanks

equipped with a “bee nest” structure to reduce the resuspen-

sion of particles trapped (Fig. 3). The traps were fixed at the

bottom of the basin with iron bars to prevent them from

moving and floating during storm events.

Transport and conservation of samples

After field sampling, the samples were transported rapidly to

the laboratory and then kept in a cold chamber at 4 �C

before sub-sampling and/or chemical analyses. Due to the

time required to perform the bioassays, the samples

were frozen.

Physical and chemical analyses

The physical and chemical analyses (standards and proto-

cols) performed on the sediments are presented in Table 1.

The aim of the global parameters is to facilitate interpreting

the results. The heavy metals were monitored as their pres-

ence was almost systematic in this type of sediments[8–10]

and known to be toxic for most of them.

The bioassay selected: the ostracod test

Among the bioassays on the sediments selected and tested

during previous studies,[18,21,27] the ostracod (H. incon-

gruens) sub-chronic test was chosen for this study due to its

higher sensitivity, the possibility of working directly on the

solid matrix and its greater ecological representativeness in

comparison to other bioassays initially proposed for liquid

phase samples, such as the commercial test kit MicrotoxVR -

Solid Phase test[28] with Vibrio fisheri (provider’s protocol

for sample preparation and ISO 11348-3 standard) or

Daphnia magna[21] (NF EN ISO 6341 standard). This

Figure 1. Selected location to collect sediment samples.
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ostracod test was performed in conformity with the instruc-

tions of standard ISO 14371,[29] using the percentage of

mortality of organisms after 6-days exposure to the sediment

samples. The possibility of measuring the growth inhibition

of the organisms was not explored here, due to the possible

interference of organism growth stimulation through the

contribution of nutritive substances and/or hormesis (stimu-

lation of organisms via weak doses of toxic compounds), as

it had already been observed during previous studies.[18]

Results

Physical and chemical analyses

The results of the physical and chemical analyses are pre-

sented in Tables 2 and 3.
Accumulated dry sediments are fine with median diam-

eter around 50 mm, except for those collected from locations

P01 (d50¼ 193mm) and P12 (d50¼ 172 mm). P01 and P12

are close to the inlet point of the basin. That may explain

these highest values of median diameter of accumulated

sediments at these locations. Indeed, Jacopin et al.[30] dem-

onstrated the same trend (i.e., relationship between the dis-

tance from the inlet of a retention/detention basin and the

grain size of settled sediments); the finest particles being

found in the furthest part from the inlet. P12 is also a cham-

ber dug in the bottom of the basin and plays the role of a

gross sediment trap.
Apart from P01 and P12, for both accumulated and fresh

trapped sediments during a storm event, the spatial distribu-

tion of median grain size seems similar from one point to

another and approximately in the same range at 6months

compared to 15months (d50 between 40 and 92 mm). At

72months, the grain size was finer whatever the point com-

pared to those obtained at 6 and 15months. This result is in

accordance with previous results indicating an accumulation

of fine particles coming from storm events.[9,30]

Nutrient and organic contents are slightly higher in fresh

trapped sediments. Total phosphorus, total nitrogen and

total organic carbon contents are similar from one location

to another.
Heavy metal contents are also slightly higher in trapped

sediments. These contents are similar from one location to

another, with a low spatial variation coefficient of 5%.

Regarding accumulated sediment, the sediments in P02 and

P04 were a little more polluted at 6months than at

15months for nearly all the heavy metals.
Both trapped and accumulated sediments showed high

concentrations in heavy metals. Most of them presented

concentrations over the target values of Dutch standards.[31]

Cu and Zn even showed values higher than the interven-

tion thresholds.

Spatial evolution of ecotoxicity

Figure 4 corresponds to the representation of ecotoxicity (in

this case ostracod mortality) as a function of the sediment

sampling point for each sampling campaign (6months,

15months, 37months and 72months). Results show that the

ecotoxicity level is almost similar for all locations, except for

P12 and in a lesser extent for P07 (particularly after

6months of accumulation). Indeed, P12 location corre-

sponds to the sediment chamber located in the basin. This

chamber may be considered as an inner reactor with high

humidity of sediment, significant PAH concentration and

leading to microorganism activities.[32] This chemical and

microbiological dynamics could explain the high level of

ecotoxicity at this location P12.

Figure 2. Quartering method.

Figure 3. Photo of sediment traps.

Table 1. Standard and protocols related to physical and chemical analyses.

Analysis Method Standard

Particle size Laser Particle Sizer Technique
(Malvern Mastersizer 2000
granulometer) with ultrasound
at 100% for 5min

NF ISO 13320-1 (2009)

Volatile organic
materials

Loss by combustion 550 �C NF EN 12879 (2000)

Metals ICP-AES NF EN ISO 11885 (2009)
Ctotal Combustion at 1300 �C NF ISO 10694 (1995)
Ntotal Titrimetric method after distillation NF U 42-151 (1984)
Ptotal NF EN ISO 11885 (2009)
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Temporal evolution of ecotoxicity

Evolution of sediment ecotoxicity between 6

and 72months

Figure 5 shows the ostracod mortality as a function of the
period of sediment sampling for each sampling point (P01,
P02, P04, P07 and P12). This figure shows that the variation
of ecotoxicity with time (in the period from 6 to 72months)
is not significant for each location.

Comparison between fresh and accumulated sediment

ecotoxicity

Figure 6 shows the ostracod mortality as a function of the
level of sediment maturation: fresh sediments sampled dur-
ing rainfall events using sediment traps versus old sediments
accumulated for 6, 15 and 37months in the basin. This fig-
ure shows a strong difference between fresh trapped and old
dry accumulated sediment ecotoxicity levels.

Discussion

Overall level of ecotoxicity

Based on the same bioassay, the ecotoxicity of the sediments
sampled in the retention/detention basin is in the range of
values observed in other sediments taken from various
urban environments such as reservoirs and small urban
streams under various stormwater discharges condi-
tions.[33–36] Despite a high level of pollution in heavy metals,
the ecotoxicity, except for point P12 is rather low (mortal-
ity <30%).

Spatial variation of sediment ecotoxicity

The variation in pollutant concentration and in the resulting
ecotoxicity of the sediments between the different sampling
locations, potentially depends on the basin configuration
and especially on its hydrodynamic behavior.[25,37,38] Our
initial assumption was the link between different levels of
ecotoxicity and the grain size of the particles (Table 2). The
finer particles being generally more polluted,[39–42] we
expected a higher ecotoxicity in the locations where fine
particles predominated. We also knew from previous study
that the most ecotoxic part in stormwater was the particu-
late and not the dissolved phase.[43] Except for P12 and to

lesser extent P01 which were particular points, the grain size

and the physico-chemical characteristics were rather homo-

geneous in space and the variation of ecotoxicity relatively

low from one location to another. With the same level of

metallic contamination, the ecotoxicity of the sediments in

P12 was much higher than in the other points.
The article shows a relative spatial stability of sediment

ecotoxicity in stormwater retention/detention basins that has

never been described before in the scientific literature.

Temporal variation of sediment ecotoxicity

Variation between fresh and accumulated sediments

over time

A significant difference of sediment ecotoxicity between the

period of trapping sediments during rainfall events (fresh

sediments) and after several months of the accumulation of

dry sediments was highlighted. The results obtained with the

same bioassay as Angerville et al.[21] on fresh sediments

from two other sites and prepared by the filtration of storm-

water from combined sewer systems, showed that fresh par-

ticles were highly ecotoxic. Angerville et al.[21] outcomes

support the results obtained from the fresh sediments in this

study. This phenomenon of sediment “detoxification” with

time could be due to the volatilization of specific volatile

compounds (ammoniac, chlorinated solvents, BTX and other

volatile organic compounds (VOCs)), and/or to the biodeg-

radation/photodegradation of ecotoxic organic compounds

(e.g., biodegradation of PAH by certain microorganisms[32]).

At the same time, the physico-chemical analyses presented

in Table 2 show a higher organic matter content for the

fresh sediments in comparison to the matured ones. This

phenomenon of “detoxification” could also be due to a

change in the physico-chemical conditions in the sediments,

susceptible to lead to a modification of the solubility and

availability of certain pollutants. These different phenomena

have already been observed in various works focusing on

the materials akin to urban sediments, such as the sediments

of contaminated rivers[44–46] or sludge from wastewater

treatment plants.[47] In addition, pollutants monitored in

this study (selected heavy metals and nutrients) may not

explain all dynamic of the ecotoxicity. Biochemical interac-

tions and transformations (e.g., due the significant
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Figure 4. Spatial evolution of ecotoxicity of accumulated sediments.
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concentrations of PAH and bacteria counts – see Marti

et al.[32]) could explain the decrease of ecotoxicity

with aging.

Variation of ecotoxicity between 6 and 72months

The variation of sediment ecotoxicity between 6 and

72months is low and shows that most of the phenomena

mentioned above may occur before 6months.

Recommendations for sediment management

The two main recommendations for managing sediments

that can be made following these research findings are

the following:

1. An ecotoxicity test, like the ostracod test, could be per-

formed on the sediments accumulated in different zones

of the basin to determine the most appropriate sedi-

ment management strategy to be applied. In current

areas, a mix of sediments sampled all over the basin

could be taken for the test. If specific devices are pre-

sent in the basin like the one in P12, sediments from

these area should also be tested separately. In our case,

the sediments of point P12 cannot probably be recov-

ered and must be removed and treated (e.g., in inciner-

ation plant or deliver to a dedicated dump). The less

ecotoxic sediments can be used as resource recovery.
2. The sediments should be left in the retention basin for

weeks or several months to decrease its ecotoxicity level

by aging and then may be discharged to a dedicated

resource recovery plant. Additional investigations are

needed to strengthen the ostracod bioassay by testing

correlation with relevant chemical contaminants

for example.

Conclusion

Investigations carried out led to better understand the spa-

tial-temporal variation of sediments ecotoxicity in a

retention/detention basin. Derived results demonstrated that
the ostracod (H. incongruens) ecotoxicology test performed to
carry out this characterization is robust and appropriate and
could be useful for sediment management of such basins.

Sediments trapped at P12 (inner sedimentation device)
have the highest level of ecotoxicity and should be avoided.
Anyway, the size of such device is too small to be efficient
in pollutant trapping and resuspension is generally observed.
Results also showed that fresh sediments are more ecotoxic
than aging sediments left in the bottom of the basin. All
these new insights will be useful for managers to optimize
sediment management procedures and maintenance strat-
egies for these basins.

To consolidate and validate the approach developed, it is
now necessary to perform the same work on other storm-
water retention/detention basins, by selecting a large diver-
sity of such structures. Furthermore, the approach developed
can be improved in several ways. In particular, the ostracod
bioassay could be completed with other bioassays performed
on organisms belonging to other trophic levels. However, the
selection of the organism involved in bioassays must be done
carefully. An additional challenge is related to the determin-
ation of the minimum period needed to guarantee sediment
detoxification, probably between 24 h and 6months.
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