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Tripartite Departmental Partnership Agreement (P.R.I.D.) (12 years) France - COP21 
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(Massachussets Institute of Technology).
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of the Environment

• Collaboration Research Contract University of Montpellier 2 - France: A test model of nitrification-denitrification / Evolution of sludge in wastewater treatment 

plants

• Scientific Publications:➔ World Journal of Modeling and Simulation (World Academic Union) - Water Research - Elsevier Science Direct – 

• Degradation of hydrocarbons in freshwater (Rainwater from Orly ADP - 94 - France) Pr. Paule Vasseur European Laboratory of Environmental Sciences (Metz - France) - 

• Pharmacy thesis (University of Franche-Comté / Faculty of Medicine and Pharmacy of Besançon) – France - N°25.93.027)

• Scientific meetings – Mare Nostrum -  Polytech Nice - France – Sophia Antipolis
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Various: Lac de  Messein (54), ONF Rambouillet (78) , Sciez Lac Léman, Publier (74) - France ...
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Industrial Sites : Fluid System Technology (Portugal), Rompetrol Ploiesti et Constenta (Roumanie), St Gobain (54), HAROPA Port (Rouen 76) - Département 59

- France - ONF Rambouillet France
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Samples of finished products

Class 1 microorganisms that are not dangerous for humans or environment (European Federation of Biotechnologies - CR 

12894:1997) - Free to use without referring to the competent authority (European Directive 2000/54/EC1 of September 18, 2000)



Examples of applications and results



Spreading examples

Epandage par poudrage

 Epandage par hydroglisseur

Spraying by bags

Spraying by powder

Spraying by hovercraft



Examples of spreading

Directional 

spreader

Floating barge

Roadside ditch dusting



Examples of Applications 

& 

Results for seaports and bodies of water  



PORT GALLICE - Antibes-Juan Les Pins (06) - France
Reduction in sediment heights and volumes

Surface biotreatment 1,239 m2

Positions of sediment 
monitoring stationsPositions 

of mussel 

cages



Biological treatment PORT GALLICE

Antibes-Juan Les Pins (06) - France
Reduction in sediment heights, volumes, and weights

49 measurement points
BEFORE and 9 months AFTER TREATMENT

Bottom view through transparency - Before 

treatment concrete sill covered by sediments
Bottom view through transparency - After treatment

Exposed concrete sill and cables visible on the 

bottom



Port of Gravelines (59) France

Biological treatment

 bassin Vauban  

Maritime port in the North Sea, with 2 ebb tides / 24 hours

Crossed by a river (the Aa), regulated by a lock (entrance/exit of the port)

Surface area of 3 hectares



Port of Gravelines (59) France - 

Biological treatment of the Vauban basin

Custom design and manufacturing of 19 tons of finished products

Spreading (according to precise specifications)➔ 12 tons on July 18, 2022 and 7 tons on May 22, 2023

Particle size distribution ➔ 0,5-1 / 0,7-2 / 2-5  //. 



05/2022 11/2023 Diminution Rendement

Point 1

HCT (mg/Kg MS) 976 266 710 73%

HAP (mg/Kg MS) 2,047 1,07 0,97 48%

Point 2

HCT (mg/Kg MS) 894 220 674 75%

HAP (mg/Kg MS) 2,291 1,06 1,231 54%

Point 3

HCT (mg/Kg MS) 894 198 69 78%

HAP (mg/Kg MS) 1,547 0,865 0,682 44%

Port of Gravelines - Vauban Basin (59)- France
Biological treatment → Amounts degraded

(Surface / Height of sediment impacted / Average MS (32%)

TCH ➔ 1481 kg (1,48*109 mg)    PAHs ➔ 2,07 kg (2,07*106 mg)

 

Fluoranthène - 4 rings

Before After Diminution Rendement

Site 1 0,271 0,157 0,114 42%

Site 2 0,386 0,136 0,250 65%

Site 3 0,193 0,113 0,080 41%

Benzo b Fluoranthène - 5 rings

Before After Diminution Rendement

Site 1 0,275 0,133 0,142 52%

Site 2 0,307 0,112 0,195 64%

Site 3 0,194 0,050 0,144 74%

Benzo a Pyrène - 5 rings

Before After Diminution Rendement

Site 1 0,156 0,050 0,106 68%

Site 2 0,170 0,050 0,120 71%

Site 3 0,113 0,050 0,063 56%

Benzo (ghi) Pérylène - 6 rings

Before After Diminution Rendement

Site 1 0,149 0,050 0,099 66%

Site 2 0,159 0,050 0,109 69%

Site 3 0,105 0,050 0,055 52%

Samples and analyses 

conducted by the Ecole des 

Mines de Douai (59), France



Bathymetric surveys conducted by INGEO Engineering and Surveyor Expert BLENDECQUES 62502 SAINT-OMER Equipment: professional 

bathymetric boat using a R2SONIC2024 multi-beam echosounder compliant with IHO S44 Special Order

Port of Gravelines (59) - France

Biological treatment of the Vauban Basin

Conclusion: reduction in sediment heights and volumes

Tables:

The following tables show that the results obtained by considering individually the periods between the two bathymetries 

conducted by BATHY DRONE SOLUTIONS/INGEO or by aggregating them differ slightly.

The different reports used specific surface areas tailored to their studies to convert the results expressed in sediment volume into 
sediment height.



Port of Gravelines (59) - France

Biological treatment of the Vauban basin

Conclusion: reduction in sediment heights and volumes

Analyzing the effects of biotreatment necessarily involves understanding the recurrent natural 

sedimentation of the Vauban Basin. Indeed, the observed decrease in sediment height after 

biotreatment is inseparable from the sediment height that would have accumulated over a period of 

16 months between the last and first bathymetry surveys and which was mitigated by the 

biotreatment.

The siltation of the Vauban Basin is a major concern for maintaining its activities, and various studies 

have been conducted to address this issue. The most recent study, conducted in 2023 by the 

consulting firm IDRA, estimated the annual sedimentation to be 900 m3 based on a basin surface 

area of 22,128 m2.

The avoided siltation can therefore be estimated at 5.42 cm (900/22128/12*16) based on the study 

conducted by the consulting firm IDRA.

The effect of bio-treatment on sediment height, referring to the previous table, ranges between : 

- 15.23 cm + (5.42 cm) resulting in 20.65 cm.

- 14,47 cm + (5,42 cm) resulting in 19,89 cm 

It prevented sedimentation and reduced the height of the sediments initially in place during the first 

spreading, with an average height of 20.27 cm (+/- 5645 m3).



Site of RD 644- PR9 (Cambrésis) - 2 spreadings: 06/2016 and 02/2017

The effectiveness of BIOSYNERGIE bio-treatment is characterized across all parameters (TOC, TCH, PAHs, PCBs,

and BTEX), but the initial values are very low. Effectiveness is demonstrated despite possible exogenous inputs

during treatment.

The effectiveness of BIOSYNERGIE bio-treatment is primarily characterized by the reduction of TOC and TCH, and to a

lesser extent by the reduction of PAHs, PCBs, and BTEX, as the initial values are very low. Effectiveness is

demonstrated despite possible exogenous inputs during treatment. The unconsolidated sediments, initially measured

by graduated rod in late June 2016 (ranging from 0 to 36 cm with an average of 11 cm over 32 points), had disappeared

by September 2016 and October 2017. There is also an observation of the disappearance of unpleasant odors.

Site of RD 204- PR01 (Dunkirk area) - 2 spreadings: 06/2016 and 02/2017

Nord Department (59) - France

Biological treatment of road ditches 2 x 30 meters

Comparative states: 06/2016 - 09/2016 - 09/2017



Nord Department (59) -France

Biological treatment of road ditches 15 km
Yields from 2019 to 2021(TOC – TCH – PAHs)

Taux 

abattement 

moyen

COT HCT HAP COT HCT HAP COT HCT HAP COT HCT HAP COT HCT HAP COT HCT HAP COT HCT HAP

RD 300-G 40% 69% 38% 54%  68%   56%   

RD 300-D 11% 49% 22% 1% 21%  41% 18% 27%    

RD 318-G 10% 27% 27% 2%  46%    80% 14% 34%    

RD 318-D 29% 18% 20%    17% 60% 40% 23% 32%  36% 72% 1%

RD 52-G 14% 37% 35% 6% 9% 19% 53%     16% 41% 91% 37%   23% 27%

RD 52-D 4% 9% 7% 13%    18%  21% 9% 84%  25%  

RD 18-G 79% 11% 9% 49% 72% 95% 42% 61% 35%

RD 18-D 25% 55% 38% 58% 70% 21% 27%

RD 79-G 70% 84% 56% 42% 58% 34% 42%

RD 79-D 55% 76% 61% 37% 39% 72% 85%  73% 23% 27% 32%  

RD 168-G 66% 38%    7% 60% 9% 43% 15%  33%   

RD 168-D 66% 90% 79% 56% 71% 77% 13% 42% 49%  15% 5% 55% 75% 78%

RD 928-G 1% 30%   7% 3% 2% 54% 6%  12%

RD 928-D 15% 22% 36%  34% 14% 12% 6%   

RD 138-G 76% 92% 81% 50% 91% 64% 91% 83% 65% 55% 78% 85% 63%

RD 138-D 34% 39% 51% 20% 52% 47% 78% 33% 77% 24%  48% 35%  65%

10/16 12/16 7/16 8/16 8/16 6/16 10/16 10/16 6/16 1/16 5/16 11/16 10/16 10/16' 5/16 4/16 4/16 5/16 9/16 5/16 6/16

63% 75% 44% 50% 50% 38% 63% 63% 38% 6% 31% 69% 63% 63% 31% 25% 25% 31% 56% 31% 38%

29 60% 22 46% 26 54% 17 35% 25 52% 13 27% 20 42%

T0 à T4 (28,5 mois)

T3 à T4 (6 mois, 

Printemps/Eté, 1 

ensemencement, 

pluviométrie moyenne)

T2 à T4 (16 mois)

T0 à T1 (3,5 mois 

Printemps/Eté, 1 

ensemencement, 

pluviométrie faible)

T1 à T2 (9 mois, 

Automne/Hiver, 1 

ensemencement, 

pluviométrie forte)

T0 à T2 (12,5 mois)

T2 à T3 (10 mois, 

Automne/Hiver, pas 

d'ensemencement, 

pluviométrie moyenne)



Nord Department (59) – France

Biological treatment of road ditches 15 km
Yields from 2019 to 2021 (PAHs - 4 et 5 rings)

Taux 

abattement 

moyen

Benzo(a) Benzo(b)Fluoranthène Benzo(a) Benzo(b)Fluoranthène Benzo(a)Benzo(b)Fluoranthène Benzo(a)Benzo(b)Fluoranthène Benzo(a)Benzo(b)Fluoranthène Benzo(a)Benzo(b)Fluoranthène Benzo(a) Benzo(b) Fluoranthène

RD 300-G 53% 42% 50% 29% 14% 38%

RD 300-D  11% 30%   30% 52% 45% 25% 36% 33% 14%   40%

RD 318-G   20%   7% 84% 84% 79% 13% 15%  

RD 318-D       62% 67% 59% 28% 40% 75% 77% 75%

RD 52-G 32% 36% 23%    69%      91% 92% 90%  33% 45% 24% 26% 27%

RD 52-D  55% 9%       87% 88% 84%    

RD 18-G 18% 10% 29% 95% 95% 95% 89% 88% 89% 44% 29% 35%

RD 18-D 18% 25% 40% 24% 25%

RD 79-G 53%    58% 51% 25% 39% 37%  

RD 79-D 63% 72% 69%    32% 51% 46% 31% 21%      

RD 168-G    54% 48% 65%    

RD 168-D 80% 80% 78% 75% 74% 78% 28% 34% 3%   23% 23%  81% 80% 77%

RD 928-G 43% 35% 22% 2%  10% 58% 66% 53%   20% 31% 13% 22% 11% 22%

RD 928-D   7% 43% 23% 18%   23% 9% 19% 9%      14%

RD 138-G 83% 82% 82% 57% 54% 70% 93% 94% 91%   8% 22%  60% 64% 69%

RD 138-D 48% 46% 48% 12% 13% 28% 80% 78% 80%   48% 48% 58% 55% 55% 70%

8/16 7/16 8/16 3/16 6/16 7/16 8/16 6/16 10/16 10/16 10/16 9/16 3/16 5/16 5/16 8/16 9/16 6/16 6/16 6/16 8/16

50% 44% 50% 19% 38% 44% 50% 38% 63% 63% 63% 56% 19% 31% 31% 50% 56% 38% 38% 38% 50%

23 48% 16 33% 24 50% 29 60% 13 27% 23 48% 20 42%

T0 à T4 (28,5 mois)

T3 à T4 (6 mois, 

Printemps/Eté, 1 

ensemencement, pluviométrie 

moyenne)

T2 à T4 (16 mois)

T0 à T1 (3,5 mois 

Printemps/Eté, 1 

ensemencement, pluviométrie 

faible)

T1 à T2 (9 mois, 

Automne/Hiver, 1 

ensemencement, pluviométrie 

forte)

T0 à T2 (12,5 mois)

T2 à T3 (10 mois, 

Automne/Hiver, pas 

d'ensemencement, 

pluviométrie moyenne)



The primary objective, in this open and heavily impacted environment by uncontrolled multifactorial events, was to verify the degradation capacity of

selected consortia, cultivated and applied tailor-made according to the database collected upstream and the characterizations carried out by the IMT.

The efficiency correlated with temporality was intended to calibrate a rational application recommendation. Even though throughout the

experimentation, variations in concentrations are observed due to the aforementioned specificities, in terms of yields and reductions, the processes

implemented have yielded results. Thus, very significant yields are observed for almost all the averages calculated for both sides (left or right) of the

ditches.

For example:

• TOC up to 76%, which is 49g less (RD138 G T0/T1)

• PAHs up to 54%, which is 48.5mg less (RD928 G T2/T3)

• TCH up to 92%, which is 1.76g less (RD138 G T0/T1)

• Benzo(a)pyrene (5) up to 43%, which is 4.4mg less (RD928 G T0/T1)

• Benzo(b)fluoranthene (5) up to 66%, which is 11.78mg less (RD928 G T2/T3)

• Fluoranthene (4) up to 80%, which is 6.37mg less (RD138 D T2/T3)

The causes of these decreases can be discussed (elution, dispersion, transport, degradation...). However, for poorly soluble products

accumulating on-site, the hypothesis of degradation is likely to be favored in the first place. Especially for PAHs with 4 rings or more,

which are persistent pollutants in the environment due to their stable chemical structure (due to the presence of aromatic rings), half-life

duration → up to 110 months. We were able to draw scientific conclusions on the effectiveness of bio-treatment in terms of degradation

of refractory undesirable compounds and shape 3 broad-spectrum consortia to consider large-scale background treatment.

And alongside this, formulate hypotheses that are as many ways of work regarding:

•Some inconsistencies regarding the evolution of parameters

•The useful and practical application of bio-treatment for road services

Nord Department (59) - France

Biological treatment of road ditches 15 km

Conclusions

 



Sedimentation zone around and under the floating dock

Bio-treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen Axis - 76 - France



Bio-treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen  - 76 - France



Spreading diagram

Bio-treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen - 76 - France



Bio-treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen  - 76 - France

Photos of implementation



Bio-treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen - 76 – France - Results 

POINT DE PRELEVEMENT ECHANTILLON A PRELEVER

DB4 0-1m

DB5 1-1.5m

VC1.1 0-0.8m

EVOLUTION MOYENNES DES POINTS DE 
PRELEVEMENTS

Sept.2020 Déc. 2021 Mai 2022

H C10-C40 
mg/kg/MS

1570 1308 399,4

TOC BRUT   
g/kg/MS

43,02 52,96 51,9

PAHs 16 
mg/kg/MS

14,67 14,77 12,84

PAHs 6 
mg/kg/MS

8,02 7,63 6,63

PCBs 7  
µg/kg/MS

161,9 176,9 102,00

HAP 16 

mg/kg/M

S

11,89 11,42 -3,95%

HAP 16 

mg/kg/M

S

14,77 12,84 -13,06%

HAP 6 

mg/kg/M

S

6,37 5,90 -7,38%

HAP 6 

mg/kg/M

S

7,63 6,63 -13,00%

PCB 7  

µg/kg/MS
119,5 110,00 -16,31%

PCB 7  

µg/kg/MS
176,9 102,00 -42,34%

Evolution zone non traitée                             

Déc. 2021 - Mai 2022

Evolution zone traitée                                    

Déc. 2021 - Mai 2022

NORMES

DB4 DB5 VC1 VC2 VC3 DB4 DB5 VC1 VC2 VC3 DB4 DB5 VC1 VC2 VC3

MS % 36,9 35,4 42,9 40,5 38,1 36,8 30,6 42,4 34,5 30,6 34,1 33,0 36,3 37,7 29,4

H C10-C40 

mg/kg/MS 1300 2500 850 1900 1300 2000 1300 1500 860 880
600 380 27 560 430

1000

COT BRUT   

g/kg/MS 60,2 63,8 22,9 36,5 31,7 54,2 54,2 48,1 53,9 54,4 50,3 53,5 52,9 50,9 52,1 60

HAP 16 mg/kg/MS 7,34 12,4 22,46 11,2 19,93 12,98 10,6 29,11 13,77 7,39 14,80 12,60 16,70 12,00 8,10 50

HAP 6 mg/kg/MS 3,95 7 12,9 5,89 10,38 6,76 5,75 14,2 7,38 4,05 7,55 6,66 8,54 6,04 4,40 10

PCB 7  µg/kg/MS 132 189 55,7 110 323 169 76 338 176 125,3 120,00 110,00 120,00 90,00 70,00 200

DECEMBRE 2021SEPTEMBRE 2020 FIN MAI 2022

NON CONFORMES  CONFORMES

EPANDAGE 

fin FEVRIER 

2022



Biological treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen - 76 - France

Evolution of yields over the average of sampling points

23,20%
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The quality of the results should be assessed in the context of the problem:

Biological degradation over a given area (1.1 hectares), within a larger open natural environment:

▪of compounds (PAHs6 and PAHs16 / PCBs7 / TCH C20 - C40) ranging from slightly to very difficult to 

biodegrade

•over a short period (3 months)

•under a floating dock and its surroundings (11,000 m2)

•during cold temperatures (February)

•with sampling depths of sediments up to 1.5 meters

•at over 6 meters of water depth

•despite continuous but unspecified exogenous inputs, related to industrial site operations during the 

application of the biotreatment.

▪Total quantities biodegraded (surface/depth of sediments/MS)

•TCH 5667 kg  - PAHs16 8.85kg (8.85106 mg) - PAHs6 1.88 kg – PCBs7 0.29 kg

Sampling and physico-chemical analyses were conducted by the usual providers HAROPA PORT. The 

DDTM 76 France approved the operation.

Biological treatment of sediments from the Floating Dock

Fluvio-Maritime Port of the Seine - Rouen - 76 - France

Conclusions





Etang de la Brosse (77) France - 
Rainwater basin biotreatment - 27651 m2

Marne et Gondoire urban community (77 - France)  



TIMELINE OF INTERVENTIONS

Bathymetry and volume measurements

Service providers Dates
Data call offer EGIS (CONFLUENCES Ingénierie) 12/2018

Point 0 COVADIS 10/01/2024
et INGEO 22/02/2024

Point 1 INGEO 27/05/2024

Point 2 INGEO 27/09/2024

Sediment samples

Service providers Dates
Data call offer EGIS (CONFLUENCES Ingénierie) 12/0218

Point 0 IDRA 17/01/2024

Point 1 IDRA 28/05/2024

Point 2 IDRA 30/09/2024

Spreading 

Opération 1 25 au 29/03/2024 9 tonnes

Opération 2 10 au 14/06/2024 11 tonnes

Etang de la Brosse (77) France - 
Rainwater basin biotreatment - 27651 m2

Marne et Gondoire urban community (77 - France)  
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Decrease in pollutant concentrations:

•HCT by up to 42%, or 980 mg less (between May and September 2024 - EM3)

•PAHs by up to 45%, or 2.40 mg less (between May and September 2024 - EM1)

•Benzo(a)pyrene by up to 56%, or 0.13mg less (between 01 and 09/2024 - EM2)

•Benzo(b)fluoranthene by up to 48%, or 0.17mg less between 01 and 09/2024 - EM2

•Fluoranthene by up to 49%, or 0.54mg less (between 01 and 09/024 – EM1)

Etang de la Brosse (77) France - 
Rainwater basin biotreatment - 27651 m2

Marne et Gondoire urban community (77 - France)  
Decrease in sediment volume (-3113,5 m3)

Before and after treatment 

according to INGEO measurements

Reduction in sediment weight (-4,203 tons)

Before - After treatment

according to INGEO measurements and average density



Biological treatment of three rainwater basins
TATINGHEM – BAINCTHUN - TILQUES

(62 - France)  



TIMELINE OF INTERVENTIONS
Bathymetry and volume measurements

Service providers Dates

Point 0 BPH 22/06/2022

Point 1 INGEO 05/06/2024

Point 2 INGEO 08/102024

Sediment samples

Service providers Dates

Point 0 EUROFINS 23/06/2022

Point 1 EUROFINS 05/04/2024

Point 2 (sauf TILQUES) EUROFINS 26/09/2024

Spreading 

Opération 1 April 2023

Opération 2 Septembre 2023

Opération 3 Juin 2024

Biological treatment of three rainwater basins
TATINGHEM – BAINCTHUN - TILQUES

(62 - France)  



Biological treatment of three rainwater basins
TATINGHEM – BAINCTHUN - TILQUES

(62 - France)  
Sediment volume

Before - After treatment

MS volume

Before and after treatment
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Biological treatment of three rainwater basins
TATINGHEM – BAINCTHUN - TILQUES

(62 - France)  
Sediment volume

Before - After treatment
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Decrease in pollutant concentrations:

•Total HCT (light and heavy) down by up to 36%, or 564 mg

(04-09/2024 - BAINTCHUN)

•PAHs16 down by up to 53%, or 3.8 mg (04-09/2024 BAINTCHUN)

and 33.3%, or 0.5 mg (04-09/2024 TATINGHEM)

•Benzo(a)pyrene up to -58.5%, or -0.31mg

(01-04/2024 - TILQUES)

•Indeno(1.2.3.cd)pyrene up to -54%, or -0.54mg

(04-09/024 -BAINTCHUN)

•Benzo(b)fluoranthene up to -43.4%, or -0.36mg

(01-04/2024 -TILQUES)

Biological treatment of three rainwater basins
TATINGHEM – BAINCTHUN - TILQUES

(62 - France)  



Biological treatment of marine sediments

Port Carnon (06) - France

Increase in water depth - Decrease in sediment volumes



Biological treatment of marine sediments

Port Carnon (06) - France

Increase in water depth - Decrease in sediment volumes



Bathymétries avant le bio-traitement 

des sédiments marins d’une partie du Port de Carnon (06 - France)



Evolutions bathymétriques après 10 mois de bio-traitement 

des sédiments marins d’une partie du Port de Carnon (06 – France)



Conclusion

The treatment yields good, even very good results. Based on bathymetric surveys before

March and after treatment January, the average gain in water depth can be estimated at +/- 39

cm, with very few minima at 0 and maxima at 0.60 meters.

Given the strong rotating hydrology in the basin (inlet → bottom → outlet return), both generally

and effectively during spreading, a preferential seeding zone was decided upon (Pontoons 2

and 3). This area benefits fully from these gains in water depth (multiple "blue" zones → 3 m /

3.50 m).

The volume of sediment removed can be estimated at 11,300 m3 throughout the basin. In

addition to the degradation of sediments in place, there is also, albeit unquantifiable,

degradation of additional inputs inherent to port activity (and its configuration) over 10 months,

including 2.5 months of the summer period. There is also the disappearance of bad odors that

have been bothering residents for several years.

Bathymetric changes after 10 months of biotreatment of marine 

sediments in a part of the Port of Carnon (06 - France)



Biological treatment of marine sediments

Port du Crouton, Juan Les Pins (06), France

Increase in water depth - Decrease in sediment volumes



Biological Treatment at Port du Crouton

Antibes - Juan-Les-Pins (06) - France

Increase in water depth - 44 measurement points

Before and After 6 months of treatment

Volume of degraded sediments 

6000 m2 x 0m43 (Ht.) ➔  

2.580 m3

TOC ➔ 2,9 % - 11,6 % 11,4 % - 3,9 %

 

Dry matter content: 30%

Sediments rich in posidonia residues

Water depth AFTER TREATMENT: + 6 months

BEFORE TREATMENT

Disappearance of the foul odors reported by boaters, 

as observed by port employees



Microscopic examination of sediments after spreading 

(January 31, 2017)

Christian DRAKIDÈS - Research Engineer CNRS

University of Montpellier II - UMR - Hydro-sciences

Vegetal debris with Bacteria

(20x magnification)

Dense bacterial floc

(40x magnification)

Mineral substrate seeded

Diameter 50mm / (40x magnification)

With colonies on the periphery



Biological treatment of sediments

Combatting eutrophication

(Swimming ban ARS → Cyanobacteria)

LAKE of MESSEIN (54) - France 
INITIAL STATE 
 

• Total lake area: 19 hectares/ Numerous sources of pollution: infiltrations, rainwater, domestic wastewater 

• Algal bloom in summer – chlorophytes, diatoms, cyanobacteria… at the level of the nautical base leading to its closure during 
the summer period. 

• Physico-chemical analysis of sediments: 

• April 30   DCO – g O2/kg MS : 43 
COT – g C/kg MS : 460 

 
PARTIAL LAKE TREATMENT: 
 

• Spread 5 tons of microbiological complex (1 to 8 mm) on a delimited area of 1 hectare; (see spreading plan) – early May  
 
RESULTS : 
 

See annexed graphs 
 

From the first year, reopening of the nautical base throughout the summer period except on July 2nd and 3rd 
 

➢ Treatment continued with maintenance doses during 5 years 
1800 kg/year - Permanent opening of the nautical base 

➢ Water transparency: 

➢ Before treatment: less than 0.30 m 

➢ + 4 years: over 2.50 m → possibility of underwater diving 
 

Updating and removal of metallic waste present on the bottom due to the decrease in sediment heights. 
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Biological treatment of sediments and water

Combatting eutrophication

LAKE of MESSEIN (54) - France
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Biological Treatment of Sediments
Combatting Eutrophication

Lake of Messein (54) - France

DATABASE – Lake of MESSEIN

EAUX 

STADIUM (untreated)

30/04 29/07 31/08 30/10

COT mg/l 7,9 8 8,4 9,5

COTd mg/l 7,1 7,6 4,9 9,2

DCO mg/l 49 24 8 5

DBO5 mg/l 23 8 5 5,8

MES mg/l 28 17 15 6,3

NH4+  mg NH4/l <0,05 <0,05 <0,05 0,93

NTK mg/l 1,6 4 2,4 2,6

NO3 mg NO3/l <0,5 <0,5 <0,5 0,9

NO2 mg NO2/l <0,01 <0,01 <0,01 0,11

ORTHO mg PO4/l <0,02 0,04 0,06 0,13

PT mg P2O5/l 0,25 0,53 0,48 0,47

MO (2DBO5+ DCO/3) 31.66 13.33 6 5,53

30/04
29/07 31/08 30/10 Standards

8 E 9,8 9 10 7

8 P 9,9 9 9,9 7

30 A 14 8 7 20

19 N 5 5 4 25

21 D 5 9 8,8

<0,05 A <0,05 <0,05 0,88

1,3 G 3,1 2,8 2,6 1

<0,5 E <0,5 <0,5 0,8

<0,01 <0,01 <0,01 0,11

0,03 0,03 0,02 0,07 0,035

0,17 0,4 0,47 0,5

22.6 8 6 5

BASE (treated)

COT mg/l

COTd mg/l

DCO mg/l

DBO5 mg/l

MES mg/l

NH4+  mg NH4/l

NTK mg/l

NO3 mg NO3/l

NO2 mg NO2/l

ORTHO mg PO4/l

PT mg P2O5/l

MO (2DBO5+ DCO/3)



DATEBASE – Lake of MESSEIN 

SEDIMENTS

STADIUM (untreated)

30/04 29/07 31/08 30/07

MS (%) 26,2 17,3 36,4

DCO (g O2/kg) 32 27 38 44

DBO5 (g O2/kg) 0,6 2 1 1

NTK (g N/ kg) 4,29 8,86 5,05

NH4 (g N/ kg) 0,0092 <0,12 0,017

NO2 (g N/ kg) < 0,0007 <0,0005 <0,0002

NO3 (g N/ kg) < 0,0036 <0,0025 0,0038

PT  (g P /kg) 0,971 1,32 1,08

ORTHO  (g P /kg) 0,0018 0,0016 0,00081

COT (C/kg) 110 75 66 34

30/04 E 29/07 31/08 30/10

13,1 P 18 23,1

43 A 29 30 34

0,8 N 1 5 2

4,18 D 3,2 2,58

0,23 A <0,0022 0,05

<0,0015 G <0,0004 <0,0002

<0,0072 E <0,0087 <0,0010

0,0738 1,05 1,56

0,088 0,0011 0,0014

460 50 43 30

BASE (treated) 

MS (%)

DCO (g O2/kg)

DBO5 (g O2/kg)

NTK (g N/ kg)

NH4 (g N/ kg)

NO2 (g N/ kg)

NO3 (g N/ kg)

PT  (g P /kg)

ORTHO  (g P /kg)

COT (C/kg)

Biological Treatment of Sediments
Combatting Eutrophication

Lake of Messein (54) - France



Biological Treatment of Sediments and Water

Combatting Eutrophication

Port of Sciez (74) - France

Swimming and Launching Areas



Summary of Spreading and Dredging Dates

Swimming Area Dates

Spreading 1 Sept. 9

Spreading 2 Late April/early May

Boat launching area Dates

Spreading 1 Sept. 12

Spreading 2 Late April/early May

Dredging 1 Late April/early May

Spreading 3 Early June/mid-June

Dredging 2 Early June/mid-June

Biological Treatment of Sediments

Combatting Eutrophication

Port of Sciez (74) - France

Swimming and Launching Areas



Biological Treatment of Marine Sediments

Port of CAMILLE RAYON (06) - France

Increase in water depth - Reduction in sediment volumes



Biological Treatment of Marine Sediments

Port of CAMILLE RAYON (06) - France

Increase in water depth - Reduction in sediment volumes

AFTER TREATMENT: M5

BEFORE TREATMENT

Gain in bathymetry reported to the 

volume of degraded sediment / 

Surface 1000 m2 X 0.39 m (Height)

= 390 m3

TOC -> 3 to 4%

at 3 sampling 

points

Dry matter -> 

37 to 45%

at 3 sampling 

points

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55

0,00

2,00

4,00

Before

                    After        



Marine Sediment Bioremediation

Port CANNES MARINA (06) - France

Increase in water depth - Reduction in sediment volumes

Zone traitée 
DQ8



Objectives set with the client: Increase water depth by 10 to 20%

Bathymetric surveys conducted by the client

Treatment conducted in 2 spreading sessions: September and November

Treated area = 250 m2

DQ8- Bathy 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Moyenne 

Sept. 9 1,60 1,63 1,53 1,53 1,63 1,43 1,63 1,63 1,53 1,53 1,63 1,43 1,43 1,53 1,63 1,13 1,63 1,43 1,53

Jan. 9 1,90 1,90 1,90 1,80 1,80 1,7 1,9 1,8 1,7 1,8 1,7 1,7 1,7 1,9 1,8 1,8 1,8 1,7 1,79

Gain bathy en 

cm 0,30 0,27 0,37 0,27 0,17 0,27 0,27 0,17 0,17 0,27 0,07 0,27 0,27 0,37 0,17 0,67 0,17 0,27 0,26

Rendement 

bathy 18,75% 16,56% 24,18% 17,65% 10,43% 18,88% 16,56% 10,43% 11,11% 17,65% 4,29% 18,88% 18,88% 24,18% 10,43% 59,29% 10,43% 18,88% 16,99%

SUCCESSFUL TREATMENT

OBJECTIVES ACHIEVED

IN 3 MONTHS

BEFORE TREATMENT 07/09

BEFORE TREATMENT 09/01

Reduction of approximately 130 m3

of sediments
Initial sedimentology:

IDAC (Nantes) 

•Relatively high dry matter content➔ 53% 

•Relatively low organic fraction➔ 11% 

•Average Total Organic Carbon (TOC)➔ 3%

WATER HEIGHT GAIN

Before

After



Bio-treatment of sediments (bio-dredging)

Elements required for the design of a project

➢ Surface(s) to be treated located on a site plan (Google map or dimensioned diagram) with

possible hydrology data

➢ Activities (port, swimming, fishing...) and local environment

➢ Sampling by coring (number to be defined) +/- x cm

➢ Physico-chemical analysis of sediments and/or water column (to be defined according to the 

cases)

➢ DS/OM/MM/TOC/pH/TKN/TP/granulometry/density/raw and leachable heavy 

metals/TCH/PAHs16/PCBs7TBT...

➢ Bacteriology: Fecal streptococci-enterococci, total coliforms, Escherichia coli...

➢ Phytoplankton: (cyanobacteria, chlorophyceae...)

➢ Height of sediments and/or bathymetry



Economic / Practical / Ecological Aspects

Bio-treatment of Sediments (Bio-dredging)

ECONOMIC

•Much less expensive than dredging, cutting, and removal, along with their preliminary studies and follow-ups

•No reduction in site activity during treatment

•No disturbance to peripheral activities (businesses, traffic, etc.)

•Optimization of potential future sediment valorization opportunities

PRACTICAL

•Spreading and stirring are easy to carry out, involving local labor

•No displacement of pontoons, boats, chains, etc.

•No reduction in site activity during treatment

•No dredges, trucks on site and on roads, no noise, visual, or olfactory nuisances

ECOLOGICAL

•No deterioration of the environment due to significant physical and chemical variations during mechanical dredging phases –

increased turbidity, suspended solids, COD, nutrient dispersion, metal reintroduction into the ring, burial of benthic fauna,

decreased dissolved oxygen, reduced photosynthesis, migration of buried pollutants

•Beneficial for fauna and flora

•Mineralizes and reduces sludge, clarifies water

•Suppresses and prevents excessive algae growth

•Reduces fecal and/or pathogenic germs

•Eliminates pollutants (hydrocarbons, pesticides, fertilizers, etc.)

•Stops and prevents bad odors

•Uses natural products and processes

•Eliminates risks of spills in public spaces during sediment transport to storage sites



Other References and Results



Improvement of Treatment Plant and Lagoon Yields

Effluents from refinery, petrochemical, steel, metallurgy, and urban sources

WABAG – Petrobrazi - Ploiesti – Roumanie – 2000 m3/h  

Arcelor Mittal Galati – Roumanie -  



Evolution in NH4+ and NT output (in mg/l)Ammonium (NH4+) and Total Nitrogen (NT) Yields (%)

Improvement of Treatment Plant Yields

ROMPETROL Constenza - Romania

Effluents from refinery, petrochemical, and urban sources - 2000 m3/h



Improvement of the efficiency of a wastewater treatment plant

DOLJCHIM Craiova - Romania

Effluents from the chemical industry and urban sources - 550 m3/h

Avant 

traitement

 

After treatment

 



Laboratory Work

Tests on the Biodegradation of Polycyclic Aromatic 

Hydrocarbons (PAHs) SEDIAPHALTE Convention - France



Water Conduit

Sediments + bacterial 

strains

Water compartment

Pumps

     Side View



Avant Après

Naphtalène 9,5 2,4

Anthracène 7,6 3,4

Pyrène 9,5 6,1
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Tests conducted between July and November year 2020

Before



Tests conducted between July and November – year 2020

Naphtalene - Anthracene - Pyrene - (mg/kg DM) Before - After 

(at high concentration)
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