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The technology has 
become number one 

for small
communities in 

France over the last 
decade with close 
to 3500 plants in 

operation

CONSTRUCTED 
WETLANDS

Domestic wastewater treatment for small communities
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What is a constructed wetland (CW) ?
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Surface sludge deposit

CW can be defined as engineered water saturated area in which the 

natural removal processes for the water pollutants are reproduced and 

enhanced in order to optimize the purification performances

Aeration and drainage pipe
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Unsettled
wastewater

To 2nd stage 

filter

Fine gravels

Coarse gravels

Retention of sludge deposits

Filter surface area required : around 2 m² per PE in general

French Vertical Flow Constructed Wetlands (VFCWs)

Reed Bed Filters
- French common system : feeded with raw water and 
combines 2 vertical flow treatment stages.
- advanced degradation of pollutants thanks to 
aerobic processes.

First-stage filter
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AZOE-NP® process

Mixing

First-stage filter: 
3 cells alternately fed for 1 
week and rested for 2 
weeks

Trickling
filter

Trickling
filter
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The levels of water 
in first-stage and 
second-stage filters
are adjustable
using syphons

The levels of water 
in first-stage and 
second-stage filters
are adjustable
using syphons

2nd stage filter: 
2 cells alternately fed

rested for 1 week

Outlet

6
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Nitrogen treatment in AZOE-NP® process

• Each filtration stage consists of two different zones: 

- the upper zone which is not flooded � nitrification

- the lower zone which is flooded � denitrification

� These conditions allow good total nitrogen removal.

� The depth of the flooded zone can be adjusted to optimize 

efficiency. 

Non flooded zone

Flooded zone

Trickling filter (TF) design

Sprinkling of inflow
wastewater

Packing 
media

Air Air

Air Air

Role of the TF :

• Good elimination of 
dissolved COD 
• Humification of 
particulate organic matter
• Enhancement of 
nitrification
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Monitoring of real scale treatment plant

• Vercia treatment plant (Jura, France)

• In operation since 2004 (20-25 cm sludge)

• Maximum capacity: 1100 PE 

Nominal hydraulic capacity of 77 m3 day-1

Nominal organic load of 55 kg day-1 (BOD5) 

� 8-year program with more than 40 campaigns
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Monitoring of real scale treatment plant

Variable Inlet (mg L-1) Outlet (mg L-1) Removal rate (%)

pH 7.86 ± 0.28 (39)
7.95 ± 0.19 

(39)
Non applicable

Suspended

solids
450 ± 104 3.4 ± 0.7 98.8% ± 0.5

BOD5 286 ± 65 (43) 3.2 ± 0.6 (43) 97.9 % ± 1.1 (38)

COD 794 ± 179 (44) 25 ± 3 (44) 94.4 % ± 2.5 (39)

P tot 9.5 ± 1.6 (40) 2.8 ± 0.4 (40) 59.6 % ± 12 (35)

N tot 71 ± 10 (40) 17 ± 3 (39) 70.9 % ± 6.2 (35)

Norg + NNH3 70 ± 9 (42) 1.6 ± 0.3 (43) 97.2 % ± 1.0 (37)

NNO3 1.4 ± 1.4 (40) 15 ± 3 (40) Non applicable
Figures in brackets show the 
number of monitoring campaigns

• 24h inflow / outflow performance of Vercia plant
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The porous media of a French VFCW

I layer; pebble (8-16 mm) 

Intermediate (I) layer;

gravels: 4-8 mm

Drainage; pebble: 20-60 mm

Filtration layer;

gravels: 2-4 mm

Sludge layer (2-3 cm/year)

• Sludge layer: the more reactive part

� Often considered as a risk for clogging

� Role in the performance of the system ?
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Role of the surface sludge deposit in VFCW ?

• Schematic representation of processes implied in the deposit layer

From Molle, 2014 (WST)

• Limit to provide a good 
carbon supply to support 
denitrification ?
• How the organic matter is 
mineralised ?
• Act as a reactive barrier

for pollutants ?

� Better caracterization
of the surface sludge
deposit was needed
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Organic matter and mineral phases
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� Methodology
OM content
Calcination at 550°C

Nature / stability of OM and informations about mineral phase

Fourier Transform Infrared / Thermal analysis

Crystallized mineral phases

X-Ray Diffraction (XRD)

Fate of phosphorus in surface sludge deposit

P fractionation
Sequential chemical extractions

P K-edge X-ray Absorption Near Edge Structure (XANES)
Nuclear Magnetic Resonance (NMR) of 31P in extracts

Boram Kim’s PhD

Fate of phosphorus in surface sludge deposit

Ca - P

Porg

FePO4

FeOOH-P 

Ca2+

PO4
3-

Ca2+Mineralisation / 

hydrolysis

Low dissolution

Porg

FePO4
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Recombination
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Pilot-scale study

FeCl3 injection 

Trickling

Filter

1st stage of partially saturated VFCW
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Pilot-scale study : effect of flooding

I layer (7 cm); galets (8-16 mm) 

Intermediate (I) layer (20 cm);
gravels: 4-8 mm

Drainage (6 cm); pebble: 20-60 mm

Filtration layer  (20 cm);
gravels: 2-4 mm

Sludge layer (10 cm)

0 cm: 

Aerobic condition as in 
classical French VFCW

30 cm:

Partially saturated condition 
as in AZOE-NP® process

70 cm: Flooding

� extreme condition 

Feed/rest periods: 1/3 week feeding, 2/3 week resting

Experimental sequences of 2-weeks 0cm � 30 cm � flooded � 0 cm

1 m3/day

Methods



01/12/2017

9

17

Pilot-scale study : effect of flooding

Some of the results about P :
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Fate of phosphorus in surface sludge deposit
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The undergoing investigation
19

PARTICULATE ORGANIC MATTER EVOLUTION

TREATMENT PERFORMANCE

Role of additionnal

pretreatment ?

14 treatment plants investigated

Manon 

Kania’s

PhD

+ geochemical

modelling
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French Vertical Flow Constructed Wetlands:

� Well adapted for small communities and rural area

� (Very) efficient for C and N removal

� Good solutions for P treatment (if needed).

In French VFCW sludge layer plays a major role in:

� The performance of the system 

� Pollutant retention (adsorption) and degradation

� Resistance to changes (i.e. flooding conditions) and to 
the rapid resilience of the system observed

� Additional pretreatment � limit the risks of clogging ?

Conclusions
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Thank you for your attention
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