
Pressure analysis in the upstream watershed 
and in the connected whatersheds

Evaluation of the siltation 
rate/level of the reservoirA priori classification of reservoirs in different  scenarios

Selection of sampling points in the 
reservoir

Selection of sampling points in the 
downstream river

Chemical analysis of :
 sediments: < 2 mm grain size fraction
 sediment leaching: elution test

The set of chemical parameters (e.g. trace metals, 
organic pollutants) to analyze will depend on the 

scenario of the reservoir Comparison of pollutant concentrations with toxicity benchmarks 
for sediments and leachates 

SELECTION OF THE 
DILUTION FACTOR TO 

BE APPLIED IN THE 
FLUSHING OPERATIONS

BENCHMARK EXCEEDED
For sediments and/or leachates

BENCHMARK NOT 
EXCEEDED

Test batteries for the ecotoxicological 
evaluation: different batteries are used 

according to the scenario of the reservoir 
and to the benchmark exceeded 

(sediments or leachates)

Pre-flushing sampling of sediments in 
the reservoir using grabs or corers

Pre-flushing sampling of sediments in 
the downstream river using grabs,  

shovels or trowels

Calculation of 
NOEC/LOEC

Post-flushing sampling of sediments in 
the downstream rivers using grabs,  

shovels or trowels

Comparison between concentrations pre- and post-
flushing

Values post-flushing 
LOWER or SIMILAR

Values post-flushing 
HIGHER

Toxic effects on the 
downstream 
communities 
SIGNIFICANT

Toxic effects on the 
downstream 

communities NOT 
SIGNIFICANT

POSITIVE 
OUTCOME OF 

FLUSHING 
OPERATIONS

THE FLUSHING PROTOCOL 
NEEDS TO BE RE-ASSESSED 
FOR FUTURE OPERATIONS

Selection of the dilution factor 
(sediment/water) to be applied 

during flushing to prevent 
physical effects on fishes

Selection of the lowest dilution 
factor (sediment/water) to be 

applied during flushing
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Analysis in the downstream 
river

Benchmark exceed < 2 folder (reservoir)

Benchmark exceed > 2 folder (reservoir)

% effect < 75% % effect > 75%

FLUSHING 
NOT 

FEASIBLE

For reservoirs in the worst 
scenario (C3): analysis of 
bioaccumulation levels in 
native benthic organisms 

pre- and post-flushing

Chemical/ecotoxicological evaluation

Evaluation of effects after flushing

Low (< 0.5 %), low 
annual rate (< 0.5 %),                             
siltation doesn’t affect 
outlet efficiency

Significant (5-20%), 
significant annual rate 
(0.5-1 %), siltation may 
affect outlet efficiency

Relevant (>20%), 
relevant annual rate 
(>1%) , siltation affects 
outlet efficiency

Not significant A1 B1 C1

Significant A2 B2 C2

Relevant A3 B3 C3

Siltation

Pressures
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A protocol for assessing sediment toxicity 
in reservoirs before flushing 

Laura Marziali1, Licia Guzzella1, Gianni Tartari1, Clara Bravi2, Silvia Castelli2, Anna Maria Ribaudo2, Chiara Rondanini3, Roberto Serra3 

Management of reservoirs: sediment flushing 
 

Reservoirs are often characterized by high siltation rates which impair the storage capacity. Accumulated sediments are frequently removed by flushing, 
causing physical-mechanical impacts on aquatic organisms in the downstream rivers. In some cases chemical compounds (organic and metals) adsorbed 
on sediments may induce toxic effects, mainly in a long-term perspective.  

1CNR  IRSA, Water Research Institute, Via del Mulino, 19, I-20861 Brugherio (MB), Italy. E-mail: marziali@irsa.cnr.it; 2Lombardy Region, Piazza Città di Lombardia, 1, I-20124 Milan, Italy; 3Lombardy 
Regional Environmental Agency, Via Rosellini, 17, I-20124 Milan, Italy.   

PrATo: a Protocol for the Assessment of sediment Toxicity in reservoirs  
PrATo is a protocol designed for assessing the toxic potential of sediments released downstream and includes methods for sampling, chemical analysis 
and ecotoxicological evaluation of sediments, as well as criteria for risk assessment, based on cross-interpretation of results deriving from chemical and 
ecotoxicological analyses. Drawbacks deriving from the first trials of the protocols in Northern Italian reservoirs are highlighted. 

 

The PrATo protocol may help decision makers evaluating the possible toxicological impact of reservoir contaminated sediments during flushing events. 
The development of a method for cross-interpretation of analytical results deriving from chemical and ecotoxicological analyses provides a practical and 
efficient tool ensuring a sustainable management of the flushing activities. The trial of the PrATo in some Italian reservoirs will allow the validation the 
proposed protocol. 

Outcomes 

References:  
MacDonald D.D., Ingersoll C.G. and Berger T.A. (2000), Development and evaluation of consensus-based sediment quality guidelines for freshwater ecosystems, Arch. Environ. Contam. Toxicol., 39: 20-31. 
 

Toxicity benchmarks were 
selected from the 
literature (MacDonald et 
al. (2000) and from 
Italian legislation (e.g. DL 
152/2006, DM 
5/04/2006). The 
selection of  effective 
benchmarks may be 
biased by high natural 
background values (i.e. 
trace metals), by 
different on-site 
bioavailability and by 
synergistic effects of 
pollutants.  
Therefore,  we concluded 
that pre-flushing toxicity 
bioassays are essential to 
define the toxic potential 
of sediments: the chronic 
test with Heterocypris 
incongruens was  
selected as preliminary 
tests for sediment 
toxicity assessing in all 
reservoirs before 
flushing. 

The number of the sampling stations should be  between 3 and 13 according to the 
reservoir scenario: are these stations enough to represent the distribution of 
pollutants in the lake  sediments? 
Trials in mountain reservoirs showed that core sampling is not always possible 
because of difficulties in transportation of the sampling devices. Are grab samples 
an alternative in these cases to characterize the sediment toxic potential? 

The potential  re-depositions of the flushed sediments  in the 
downstream river should be further evaluated using site-specific 
hydrological models . 

The number of sampling 
stations in the 
downstream river should 
be evaluated according 
to the sediment 
deposition dynamics. 

A TRIAD analysis is 
carried out to 
evaluate the effects of 
flushing in the 
downstream river: for 
this evaluation the 
best  sampling timing 
pre- and post-flushing 
needs to be further 
tested. 
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