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Figure 67 -loads that can be avoided by enforcing full compliance with the UWWTD (for agglomerations); an
equivalent treatment level (for scattered dwellings, SD); full control of CSO (neglecting management measures
currently in place); and effective enforcement of IAS treatment equivalent to the WWTP of the corresponding
agglomeration.
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JRC SCIENCE FOR POLICY REPORT

Water quality in Europe: effects of the
Urban Wastewater Treatment Directive

A retrospective and scenario
analysis of Dir 91/271/EEC

Pistocehi, A, Oocas, €, Grizzeesi, 8, Usiaz A,
Vigak, O, Zann, M.
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Figure 69 - loads of N and P to EU regional seas by source (tonnes per year): above, N; below, P

N (t/y) JRC SCIENCE FOR POLICY REPORT
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NBS per scarichi puntuali
Fitodepurazione: diffusione EU

@Treatment Wetlands M Activated Sludge

2

[ Sequencing Batch Reactor m Soil filters

g

B Trickling filters O Fixed bed reactor

g

M Primary only B Others and unknown

g

g

< 500 AE

8 8

Percentage of implemented small WWTPs
2

i EEL&SLHE@E

before 1991 1992-1996 1997-2001 2002-2006  2007-2011  2012-2016

Year of implem

Figure 3 | Percentage of implemented small WWTPS in Austria.

Survey on number and size distribution of treatment
wetlands in Austria
Guenter Langergraber and Norbert Weissenbacher
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Fitodepurazione: classica

Flusso superficiale
(FW3

Flusso sommerso
orizzontale

(HR

Flusso sommerso
verticale

(VA
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Fitodepurazione: innovazione

Fitodepurazione aerata
(FBAM)

Ri duzi one ar e
4-5 volteispetto alle soluzioni
classiche

Fitodepurazione senza fo
settiche nal

(FRB

Assenza di trattamenti primar
(vasche settiche), nessuna
produzione di fanghi
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Tratt. secondario: Castelluccio di Norcia (10

e 1.000 AE
e 1°impianto di fitodepurazione senza fosse settiche per reflui civili in Italia

e Inserito in area ad alto valore naturalistico (Parco Naturale dei Monti Sibillini)

I
FRB+VF a.e.

Portata di progetto (m?/g)
Superficie utile (m?) 2000
Costi di investimento (€) 400.000
Costi di gestione (€/y) 5.000

Operativo dal 2013

&WDR
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Tratt. secondario: Castelluccio di Norcia (10
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Tratt. secondario: Castelluccio di Norcia (10

FRB WWTP of Castelluccio di Norcia Activated Sludge Systems *
500 PE 1000 PE
500 PE 1000 PE : :
min max min max
Construction costs (€ PE"I) 364 #1394 263 360
O&M average yearly costs i ; 3
€ PE_% St 11 6 54 90 45 75

Notes: * Data from Italian context with scheme: activated sludge with classical scheme + tertiary filtration + UV
disinfection [23]; ** Without FWS: FRB + VF; *** With FWS: FRB + VF + FWS; **** Assuming the same O&M costs
except the energy costs for consumed kWh, which are doubled.

. water m\py

Article

French Reed Bed as a Solution to Minimize the
Operational and Maintenance Costs of Wastewater
Treatment from a Small Settlement: An

Italian Example

Anacleto Rizzo -, Riccardo Bresciani, Nicola Martinuzzi and Fabio Masi *'*/

IRIDRA Srl, via La Marmora 51, 50121 Florence, Italy; rizzo@iridra.com (A.R.); bresciani@iridra.com (R.B.);
martinuzzi@iridra.com (N.M.)

f I . I

* Correspondence: fmasi@iridra.com 1 e u VI a e
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Tratt. secondario: Ohrei (Moldayg&000

e 20.000 AE

e tra i piu grandi impianti di fitodepurazione secondari in Europa e nel mondo
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Tratt. secondario: Ohrei (Moldayg&000

[ 1 BIDTYTREURPEUIE Water Science & Technology | In press | 2017

15$
Large scale application of French reed beds: municipal - .
wastewater treatment for a 20,000 inhabitant’s town in E o T
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Tratt. terziario: Jesi (60000 AE)
B AR e

P30

Schema WWTP:

1. Fanghi attivi

2. Fitodepurazione terziaria
e Primo stadio: HF 10000 mq
* Secondo stadio: FWS 50000 mq

3. Riutilizzo acque reflue depurate %| RIDR
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Tratt. terziario: Fusina (ME80000

Superficie paria 110 ha
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Tratt. terziario: Fusina (ME80000
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Rimozione inquinanti emergenti
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Pharmaceuticals’ removal by constructed wetlands:
a critical evaluation and meta-analysis on performance,
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risk reduction, and role of physicochemical properties on ' I 0 n e fl U VI a I e

removal mechanisms
Huma llyas, llyas MasinI®A and Eric D. van Hullebusch WA
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RIUsO
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Industriali
e 93 autori Constructed Wetlands
29 _ for Industrial
¢ pacsi Wastewater Treatment

e Piu di 20 campi di
applicazione in

ambiente industriale

Edited by Alexandros |. Stefanakis

hallenges in Water Management WILEY Blackwe
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CSQ Sfioratori da fognatura mista

In tempo secco la fognatura convoglia solo

i reflui civili al depuratore. Negli eventi di pioggia la fognatura porta sia

ireflui civili e industriali che le acque meteoriche
\ / ™\ all’impianto di depurazione.
\ ) Ma in eventi di pioggia consistenti si eccede la
\ > - massima capacita di carico del depuratore
e ' e quindi una porzione degli scarichi fognari viene
scolmata direttamente nel ricettore finale.

Strada

Agglomerato
TUrbano

Bacino di

v¥Fogmltura Mista

/—Tubnzione dello Scolmatore
Corpo idrico

colmatore
(CS0O)
/ Scarico dello scolira
All'impianto di
depurazione
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CSQ Sfioratori da fognatura mista

Contents lists available at ScienceDirect Sci
CIENCE o
Total Enviren ment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review

Constructed wetlands for combined sewer overflow treatment: A state-
of-the-art review

A. Rizzo ® K. Tondera >“*, T.G. Palfy < U.Dittmer ¢, D. Meyer ¢, C. Schreiber , N. Zacharias , ].P. Ruppelt €,
D. Esser ", P. Molle , S. Troesch ', F. Masi @

2 Iridra Srl, Via La Marmora 51, 50121 Florence, Italy

Y IMT Atlantique Bretagne—Pays de Loire, Department of Energy Systems and Environment, 44307 Nantes, France

© INRAE, REVERSAAL, F-69625, Villeurbanne, France

4 Institute for Water, Infrastructure and Resources, Department for Urban Water Management, TU Kaiserslautemn, Paul-Ehrlich-Strafe 14, 67663 Kaiserslautern, Germany
¢ Municipal government City of Mayen, Department 3.1 - City Planning and Construction Supervision, Town Hall Rosengasse, D-56727 Mayen, Germany

! Institute for Hygiene and Public Health, University Hospital Bonn, GeoHealth Centre, Venusberg-Campus 1, 53127 Bonn, Germany

£ Insttute of Environmental Engineering (I1SA), RWTH Aachen University, 52056 Aachen, Germany

" SINT, Société dIngénierie Nature & Technique, Chef-Lieu, F-73370 La Chapelle du Mont du Chat, France

! Eco Bird, 3 route du Dome, 69630 Chaponost, France

1 University of Sopron, Institute of Geomatics and Civil Engineering, H-9400 Sopron, Hungary
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Parco dellacqua Gorla Maggiore (2012) -
Premio per lo sviluppo sostenibile 2017

Fitodepurazione sfioro di testa depuratore di
Carimate (2018)

Fitodepurazione Villaguardia via Torino (2018)

Fitodepurazione Mesero (Progetto esecutivo -
2019)

Fitodepurazione Villaguardia via Firenze e ‘
(progetto definitivo - 2020) %I R | D R
aa - S.rl.
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Acque di prima pioggia fognatura sepgé

Villese-Gorizie highway, Veneto Region (Italy)

e Multipurpose nature-based solution: environmental impact mitigation, landscaping

improvement of highway. Designed by Al staff for Autovie Venete
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SPRINGER BRIEFS IN WATER SCIENCE AND
TECHNOLOGY

Katharina Tondera
Godecke-Tobias Blecken
Florent Chazaren:

Chris C. Tanner Editors

Ecotechnologies
for the Treatment
of Variable

- Stormwater and
Wastewater Flows

A



NBS per inquinamento diffus




NBS per inquinamento diffu
Urbano: Drenaggio urbano sostenibile
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Urbano: Drenaggio urbano sostenibile

Centro ricerche Kerakoll, Sassuolo (MO)

Area di bioritenzione (rain garden)
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Urbano: Drenaggio urbano sostenibile

Proposte progettuali per Viale Tanini di Firenze
nell’ambito dell’assistenza tecnica della BEI ”

Florence Climate Change Adaptation”

A
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Urbano: Drenaggio urbano sostenibile

TABLE SuDS component delivery of design criteria
71

Design criteria

Water quantity

{Chapter 3) = _

£ 5 =

5 Runoff 2 — ]

= = w B

volumes L o =

£ © S g [ 2

2| ® 0 e I

£ s lpc| 8 = =

£ 8| ¢ = o 2

c o |S5=| & o Q =

2| S|s8 3|5 2| ¢
Component deseriot H i'— =2l o | 5 'E = H
—_ o 5
type escription s | S|E2| 2| 5| 8| 3B ]
(5} a || 2 = < 7] i
- Systems that collect runoff from )
ST the roof of a building or cther paved P - L] - £

harvesting systems S e i
Planted soil layers on the roof of
buildings that slow and store runcff = © * . . *

Systems that collect and store runoff,
allowing it to infiltrate into the ground
Proprietary Subsurface structures designed to
treatment systems | provide treatment of runoff

Grass strips that promote

Filter strips sedimentation and filtration as runoff L . . o] o]
is conveyed over the surface
Shallow stone-filled trenches that
Filter drains provide attenuafion, conveyance and L - (o] - o} (o]
treatment of runoff

‘Vegetated channels (sometimes

Green roofs

Infiltration systems

Swales planted) used to convey and freat L - L] L] . - [
runoff
Shallow landscaped depressions that

Bioretention allow runoff to pond temporarily on

systems the surface, before filtering through 2 * * * . . *

vegetation and underlying soils

Trees within soil-filled tree pits, tree
Trees planters or structural soils uzed to P - L] . - [
collect, store and treat runoff

Structural paving through which
runoff can soak and subsequently be

E:vr;.w];?\is stored in the sub-base beneath, and/ 5 L] L] L] L] e} o]
or allowed to infiltrate into the ground
below
Large, below-ground voided spaces
Attenuation storage | used to temporarily store runoff P —
tanks before infiltration, controlled release
or use

egetated depressions that store and

Detention basins treat runoff

Permanent pools of water used to
Ponds and facilitate treatment of runoff — runoff
wetlands can also be stored in an attenuation
zone above the pool




TABLE SuDS component delivery of design criteria
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Urbano: Drena

Design criteria

gio urbano sostenibile

Water quantity
{Chapter 3) T _ Type of SuDS component TSS Metals Hydrocarbons
w
£ & =
= Runoff | = | = | & Filter strip 0.4 0.4 0.5
s volumes = pe =
s | & . =28 Filter drain 0.42 04 04
£ e (25| R £ = =
s | e |§2| 8| 5| S| @ Swale 05 06 086
S| 5|38 |3 2|8
Component 5 2 (28g3| 2 - H )
type Description % E g g g % s 3 Bioretention system 08 08 08
O|aja=|d |5 | < | @ Permeable pavement 07 0.6 0.7
Rainwater Systems that cl.)"?d runoff from
harvesting systems | {1 roof of abuilding or other paved. | P * ¢ * Detention basin 05 05 06
Planted soil layers on the roof of
LSS e buildings that slow and store runcff = © * . . * Pond* 0.7 07 0.5
: Systems that collect and store runoff, 2
Infiltration systems allowing itto inftrate into the ground P . . . . . . Wetland 08 08 08
Proprietary Subsurface structures designed to B . ) These must demonstrate that they can address each of the contaminant types to
treatment systems | provide treatment of runoff Proprietary treatment =
. Gross strps that promars ST acceptable levels for frequent events up to approximately the 1 in 1 year return
== s=irm b e mesanTi || L . . | = period event, for inflow concentrations relevant to the contributing drainage area.
is conveyed over the surface
Shallow stone-filled trenches that
Filter drains provide attenuafion, conveyance and L - (o] - o} (o]
treatment of runoff
‘Vegetated channels (sometimes
Swales planied) used to convey and treet L = = = = = = TABLE Pollution removal for bioretention systems designed to FAWB guidelines (after FAWB, 2009)
Shallow landscaped depressions that 18-1
Bioretention allow runoff to pond temporarily on
systems the surface, before filtering through 2 * * * . . *
vegetation and underlying soils
Trees within soil-filed tree pits, tree TSS > 90%
Trees planters or structural soils uzed to P - L] . - [
eollect, store and treat unoft Total phosphorous > 80%
Structural paving through which
N runoff can soak and subsequently be 0,
Pew;:.;::ﬂs stored in the sub-base beneath, and/ 5 L] L] L] L] e} o] N"rOQen 50% on average
e or allowed to infilirate into the ground = S
below Metals (zinc, lead, cadmium) > 90%
Large, below-ground voided spaces
Aftenuation storage | used to temporarily store runoff P — Metals (copper) up to 60%
tanks before infiltration, controlled release
or use
Detention basins :zgfﬁh::ﬂdmnmm et sl Eand P L] L] . - [ ° ° Y °
Permanent pools of water used to
Ponds and facilitate treatment of runoff — runoff P o o o -
wetands can also be stored in an attenuation
zone above the pool
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Agricolo: Vegetated drainage ditches

Contents lists available at ScienceDirect

I
!c!cx_l&}mror ont

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Review

Removal of non-point source pollutants from domestic sewage and :l
agricultural runoff by vegetated drainage ditches (VDDs): Design, —
mechanism, management strategies, and future directions

Mathieu Nsenga Kumwimba **<4-¢0* Fangang Meng *®, Oluwayinka Iseyemi f, Matthew T. Moore £, Zhu Bo *¢,
Wang Tao ““, Tang Jia Liang “, Lunda Ilunga "

* School of Environmental Science and Engineering Sun Yat-sen University, Guangzhou 510275, PR China
" Guangdong Provincial Key Laboratory of Environmental Pollution Control and Remediation Technology, Sun Yat-sen University, Guangzhou 510275, PR China
© Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, 610041 Chengdu, PR China

¢ Key Laboratory of Mountain Surface Processes and Ecological Regulation, Chinese Academy of Sciences, Chengdu, PR China

* Faculty of Agronomy, Department of Natural Resources and Environmental Management, University of Lubumbashi, Congo

! Delta Water Management Research Unit, USDA Agricukural Research Service, Jonesboro, USA

® Water Quality and Ecology Research Unit, USDA Agricultural Research Service, National Sedimentation Laboratory, Oxford, MS 38655, USA
" Département de géologie, Faculté des sciences, Lubumbashi, Congo
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Table 1. Summary table illustrating typical water (and air) quality functions of riparian zones with respect to a variety of environmental contaminants,
along with a description of key riparian characteristics associated with each contaminant’s removal and degradation or production. References to
source papers can be found in the text.

Riparian zone (RZ) function with respect to

RZ impact on select compounds and optimal conditions for removal and degradation or production
select compounds

RZs and NO - RZs act as N sinks, NO,~ removal efficiency is often >90%, except in gravel- or sand-dominated riparian
zones. Optimal conditions: high NO,~ and high organic matter, anaerobic conditions and high water
table, 20-30°C (warm temperature).

RZs and total P, sediment, and pesticides in RZ trapping efficiency is extremely variable, but >50% in most cases. Optimal conditions: herbaceous
overland flow vegetation, high soil water infiltration capacity, low water table to reduce the risk of saturation excess
overland flow, high surface soil organic matter for optimum pesticide adsorption and degradation.

RZs and soluble reactive P (SRP) in subsurface RZ efficiencies vary from negative (SRP source) to positive (SRP sink). Overall SRP abatement across a
flow range of sites = 1.5%. Optimal conditions: aerobic conditions, as anaerobic conditions have been tied
to SRP release in solution.

RZs and greenhouse gas (GHG) emissions at  RZs generally present higher GHG emissions than their immediate upland environment.
the soil-atmosphere interface Intergovernmental Panel on Climate Change methods for N.O edge-of-field emissions underestimate
N,O emissions in RZs. Optimal conditions: low temperatures tend to reduce CO, emission, wetland-like
conditions tend to enhance CH, emission and turn the riparian zone from a CH, sink to a CH, source,
high denitrification rates have been tied to enhanced N,O emissions. Unless the riparian contains
organic rich wet soils, emissions expressed in CO, equivalent are primarily tied to CO, emission.

RZs and Hg in subsurface flow RZs are generally not hot spots of methylmercury production in the landscape, even in areas of
significant atmospheric Hg deposition, unless they are peat-dominated wetlands or contain
wet organic rich soils. Optimal conditions: high soil organic matter content in areas with
high Hg atmospheric deposition has been tied to high soil Hg content. In those cases, high
SO, concentrations, warm temperatures, and anoxic conditions have been tied to enhanced
methylmercury production.

RZs and emerging contaminants RZs are generally sinks for estrogens. If anoxic conditions dominate, they are often sinks for perchlorate.
The impact of RZs on other types of emerging contaminants needs more research. Optimal conditions:
extremely variable and dependent on individual Fantaminant \lanatatinn Inlant iintala) enil araanic
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NBS per inquinamento diffu
Agricolo: Fasce tampone

A - Riparian zone impacted by stream restoration

Upland Unrestored Riparian Zone . Restored Riparian Zone

(Cross-vane and riparian
regrading)

B - Riparian zone impacted by two-stage ditches and subsurface drainage

Upland Riparian zone and trapezoidal Riparian zone and two-stage

ditch with - ditch design
tile drain
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Agricolo: Fasce tampone

A - Riparian zone impacted by bioreactors or edge-of-field wetlands

Upland - PRB - Riparian Zone * Riparian Zone  Edge-of-field . Upland
; : ' wetland .
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B - Riparian zone impacted by short rotation forestry (SRF) crops
Upland . Riparian zone with grass Riparian zone with . Upland

or mature forest harvestable SRF crops
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NBS per inquinamento diffu
Agricolo: Fasce tampone
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