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Wastewater ReuseWastewater Reuse
-- A key option for mitigating water resources scarcityA key option for mitigating water resources scarcity--y p g g yy p g g y

Main DriversMain DriversMain DriversMain Drivers

Water shortage
(quantitative and/or qualitative)

+
More and more stringent regulations

+
Social, Political and Market pressure



Water reuse in EU CountriesWater reuse in EU Countries
Diversification of types of reuse

Water reuse in EU CountriesWater reuse in EU Countries
Diversification of types of reuse

Irrigation

L dLandscape 
irrigation
(golf courses)

Grey water 
recycling

(g )

Indirect
potable reusepotable reuse

C I l d

Balearic
Islands Industrial reuse

Canary Islands

Cyprus



Orography of Apulia RegionOrography of Apulia Region



Hydrography of Apulia RegionHydrography of Apulia Region



INFLOWS OUTFLOWS

Inflows and Outflows average yearly values of the main Inflows and Outflows average yearly values of the main 
Italian regional water basins  (1965Italian regional water basins  (1965--2005) 2005) 

INFLOWS OUTFLOWS
Main regional  

water basins  
mm 109 m3 mm 109 m3 

OUTFLOWS 
COEFFICIENTS  

Po 1070 71.8 670 47.0 0.62 
V t 1160 42 8 810 30 0 0 70

APULIA 

Population: 4 500 000 M Veneto 1160 42.8 810 30.0 0.70
Liguria 1340 6.4 990 4.8 0.74 
Romagna + Marche 940 20.6 460 10.1 0.49 
Toscana 1010 20.9 470 9.7 0.47 
L i 1020 24 1 440 10 3 0 43

Population: 4,500,000 M

Area: 19,000 km2

Coasts length: 800 km 
Lazio 1020 24.1 440 10.3 0.43
Abruzzo + Molise 900 11.9 490 6.5 0.54 
Campania 1200 23.2 670 12.9 0.56 
Puglia (APULIA) 660 13.2 150 2.9 (150/660) = 0.23 
B ili t 800 7 9 200 2 0 0 25Basilicata 800 7.9 200 2.0 0.25
Calabria 1170 16.1 560 7.8 0.48 
Sicilia  730 18.8 190 4.9 0.26 
Sardegna 780 18.3 250 6.1 0.33 

ITALY 990 296 0 510 15 5 0 52ITALY 990 296.0 510 15.5 0.52
 



950
Adelf ia Canneto MUR

Rainfalls trends in Apulia during the period 1965Rainfalls trends in Apulia during the period 1965--2005 2005 
(Ten years average values measured at selected rainfall stations) (Ten years average values measured at selected rainfall stations) 
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Yearly sectorial water needs in Apulia Yearly sectorial water needs in Apulia 

10%INDUSTRYINDUSTRY

54%

10%
36% POTABLE

(546 Mmc)

POTABLE

(546 Mmc)

INDUSTRY

(142 Mmc)

INDUSTRY

(142 Mmc)

AGRICULTURE

(812 Mmc)

AGRICULTURE

(812 Mmc) TOTAL=1500 MmcTOTAL=1500 Mmc( )( ) TOTAL=1500 MmcTOTAL=1500 Mmc
•• 55% coming from regional groundwater [55% coming from regional groundwater [~~ 150,000 wells]150,000 wells]

•• 45% coming from out of Region sources (11% from springs 45% coming from out of Region sources (11% from springs 

Sectorial waterSectorial water--sources contribution (%)sources contribution (%)

g g ( p gg g ( p g
and 34%  from superficial water bodies)and 34%  from superficial water bodies)

POTABLEPOTABLE INDUSTRYINDUSTRY AGRICULTUREAGRICULTURE

Regional
Springs

Sup.W.
54%

Regional 
G.W. 
23%

Sup.W.

26%

Regional 
G.W. 
59%

Regional 
G.W. 
75%

Springs
1%

Sup.W.
24%

Springs
23%

p
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%



In Apulia potable In Apulia potable needs are satisfied by the needs are satisfied by the ApulianApulian AqueductAqueduct
(AQP): the largest in Europe (AQP): the largest in Europe –– the third in the Worldthe third in the World

⎯→

250 (municipalities served)250 (municipalities served)
4,000,000 (inhabitants)
SERVICES PROVIDED – water: 
t t t  l  d di t ib ti  M i fiM i fi treatment, supply and distribution -
wastewater: collection and treatment
20,000 Km2 (territory served) 

Main figuresMain figures

23% Regional GW

77% B d i20,000 Km (distribution pipelines)
550,000,000 m3/y (distributed water)

77% Bordering   
Regions



Land use in ApuliaLand use in Apulia
(Regional Total Area: 19,000 km(Regional Total Area: 19,000 km22))( g( g ))

12,500

3,600*

2,900

*Needs:    812 Mm3/y

Public: 199 Mm3/yPublic:   199 Mm /y

Private:  613 Mm3/y



Groundwater withdrawals for irrigation purposes in ApuliaGroundwater withdrawals for irrigation purposes in Apulia
(mm/y)  (mm/y)  



Apulian areas affected by groundwater overexploitationApulian areas affected by groundwater overexploitation

karstic aquifers

superficial aquifers  

SALT 
INTRUSION INTRUSION 

PHENOMENA 



Fecal coliforms  in sampled ground waterOccurrence of feaecal coliforms in Apulian groundwater samples Occurrence of feaecal coliforms in Apulian groundwater samples 

Up to 100 MPN/100ml

Up to 100 MPN/100ml

Up to 15 MPN/100ml

Up to 15 MPN/100ml

Up to 15 MPN/100ml

Up to 15 MPN/100ml

Up to 100 MPN/100mlUp to 1000 MPN/100ml

Source:     CNR-IRSA/ Ente Irrigazione/ Prefettura di Bari  
                  (periodo di campionamto 1996-2003)Sampling period: 1996-2003



The Apulian Water Protection Master PlanThe Apulian Water Protection Master Plan
”Piano di Tutela delle Acque (PTA)””Piano di Tutela delle Acque (PTA)”

(definitively issued on 20th/October/2009) 

Aim:Aim:

assessing the quality state of regional water resources and 
planning the implementation of the necessary measures forplanning the implementation of the necessary measures for 

preventing their quali-quantitative worsening 



One of the main goals of the Apulian PTA:One of the main goals of the Apulian PTA:

STOP DISCHARGING TREATED MWW INTO GROUNDWATER ! STOP DISCHARGING TREATED MWW INTO GROUNDWATER ! 

Corpo idrico sup.
S l

Corpo idrico sup.
SuoloSoil

Sup. wat. bodies Sup. wat. bodies
Soil5%

Sottosuolo

Suolo
5%

5%

Sottosuolo

Suolo
21%

Soil

Subsoil 

Soil

Subsoil

Corpo idrico 
sup.NS

47%

31%

Mare
16%

0%
31% Ephemeral 

streams Sea

Subsoil

0% 

47%

Mare
12%

Corpo idrico 
sup.NS

58%Sea

47% Ephemeral 
streams

58%

16%

%

Situation:Situation: before PTAbefore PTA expected  after PTA  implementation expected  after PTA  implementation 
12%



Geographical distribution of Apulian MWWTPs (182) Geographical distribution of Apulian MWWTPs (182) 



Criteria Criteria used for planning MWW Reuse in Apulia used for planning MWW Reuse in Apulia 
Selection of areas and WWTPsSelection of areas and WWTPs

AREASAREAS

••PossibilityPossibility toto storagestorage thethe treatedtreated waterwater inin naturalnatural reservoirsreservoirsPossibilityPossibility toto storagestorage thethe treatedtreated waterwater inin naturalnatural reservoirsreservoirs
••SevereSevere seasea waterwater intrusionintrusion andand groundwatergroundwater pollutionpollution phenomenaphenomena
••ScarcityScarcity ofof superficialsuperficial waterwater bodiesbodies
••PresencePresence ofof usersusers

MWWTPsMWWTPs

Pl tPl t t h l i llt h l i ll dd tt dd ffl tffl t h ih i thth i di d litlit••PlantsPlants technologicallytechnologically readyready toto produceproduce effluentseffluents havinghaving thethe requiredrequired qualityquality
••PlantsPlants whosewhose technologicaltechnological upgradingupgrading cancan bebe rapidlyrapidly achievedachieved
••PlantsPlants thatthat cancan bebe easilyeasily connectedconnected toto thethe infrastructuresinfrastructures necessarynecessary toto distributedistribute
thethe treatedtreated effluentseffluentsthethe treatedtreated effluentseffluents

NBNB -- InIn casecase allall thethe aboveabove criteriacriteria werewere satisfiedsatisfied butbut thethe locallocal waterwater demanddemand waswas
lowerlower thanthan thethe wastewaterwastewater production,production, thethe WWWW reusereuse waswas excludedexcluded..p ,p ,



Apulian PTA goals:  Apulian PTA goals:  IMPLEMENTING MWW REUSEIMPLEMENTING MWW REUSE

Volumes of reusable municipal wastewater in Apulia Volumes of reusable municipal wastewater in Apulia 
according to the PTAaccording to the PTA

1st phase 2nd phase

VOLUMES  REUSABLE FROM THE POLISHING VOLUMES  REUSABLE FROM THE POLISHING 
TREATMENT PLANTS TREATMENT PLANTS ALREADY ALREADY 

-- EXITING  EXITING  oror
-- UNDER CONSTRUCTION UNDER CONSTRUCTION oror

VOLUMES  THAT WILL BE REUSED WHEN VOLUMES  THAT WILL BE REUSED WHEN ALLALL
THE APULIAN WASTEWATER TREATMENT PLANTS THE APULIAN WASTEWATER TREATMENT PLANTS 

WILL BE EQUIPPED WITH A POLISHING STEPWILL BE EQUIPPED WITH A POLISHING STEP

-- FINANCEDFINANCED

PROVINCIA POTENZIALITA' 
POTENZIALITA'  DISPONIBILE

PROVINCIA POTENZIALITA'
POTENZIALITA' TOTALE

BARI mc/anno 22.690.000
BRINDISI mc/anno 4.480.000
FOGGIA mc/anno 12.090.000
LECCE mc/anno 12.080.000

BARI mc/anno 42.473.510
BRINDISI mc/anno 9.392.619
FOGGIA mc/anno 16.780.644
LECCE mc/anno 29 752 337LECCE mc/anno 12.080.000

TARANTO mc/anno 41.058.000
TOTALE mc/anno 92.398.000

LECCE mc/anno 29.752.337
TARANTO mc/anno 49.219.631
TOTALE mc/anno 147.618.741

92 Mm92 Mm33/y /y 147 Mm147 Mm33/y /y 
NOTE THAT THIS IS JUST THE 

VOLUME PRESENTLY REQUIRED BY 
THE WHOLE APULIAN INDUSTRIAL 

SECTOR 



Regulations: Last step!

REGOLAMENTO REGIONALE

Regulations: Last step!

REGOLAMENTO REGIONALE
Norme e misure per il riutilizzo delle acque reflue depurate 

Art. 99, comma 2, TITOLO III, CAPO II, D.Lgs. n. 152/2006 e

Legge della Regione Puglia n. 27 del 21 Ottobre 2008, art. 1, lettera b

First draft issued on January 2011 

Definitive issued on March 2012



Typical treatment schemes used to achieve different water quality Typical treatment schemes used to achieve different water quality 
objectives for agricultural  irrigationobjectives for agricultural  irrigation

Industrial crops, forest
Example: Mexico City (45 m3/s)

Fe3+, Al3+ No
exposureRaw

sewage

WHO Standards (< 1 helm.eg/L)

Ott+rARrcnncNelcASrSoouzy%GT4r,Or1od roN6M*r,OtttrLa6Ottr dp
aAeNhdelcASRdACChdelcAS

Enolnoel oSl
Human

exposure

Industrial crops, forest
Israel (60 mg BOD/L ; 50 mgSS/L)

Ra

Disinfection
Cl, UV, O3

( g g )

Industrial crops, forest
Pasture, cooked vegetables, fruits
Australia (<3000 and <750 FC/100 ml)
California (<23 TC/100 ml)

Raw
sewage

Cl, UV, O3Primary
settling

Pretreatment Activated
sludge

Infiltration /
percolation

Clarifier EPA, US (<200 FC /100 ml)
South Africa (<1000 FC/100 ml)
Catalonia (<1000 FC/100 ml)

, , 3

Raw
sewage

percolation

cer
Facultative
stabilisation ponds Maturation ponds

Anaerobic
ponds

Pasture, cooked vegetables,
fruits
Vegetables eaten raw
Canaries Island (<2.2 TC/100 ml)Raw

sewage

PrimaryPretreatment Activated Clarifier Filtration
Disinfection
Cl UV O

Israel (<2.2 FC/100 ml)
California (<2.2 FC/100 ml)
Florida (<1 FC/100 ml)
Arizona (<1 FC/100 ml)

virus < 1 PFU/40L)Enc enxzolldcSN iClcPelouzdhuNo adencRcon LcdlnelcAS Cl, UV, O3



Main quality parameters fixed by the in force Italian law (Main quality parameters fixed by the in force Italian law (D.LgsD.Lgs
n 185/03) for agricultural reuse of municipal wastewatern 185/03) for agricultural reuse of municipal wastewatern. 185/03) for agricultural reuse of municipal wastewater. n. 185/03) for agricultural reuse of municipal wastewater. 

(*) = Exceptions possible in Apulia.(*) = Exceptions possible in Apulia.

PARAMETER VALUE PARAMETER VALUE

pH 6-9.5 Total Phosphorus(mg/L) 10

Coarse solids (mg/L) absent Total Nitrogen (mg/L) 35

TSS (mg/L) 10 Grease and Oil (mg/L) 10

COD (mg/L) 100- (50)* Aldehydes (mg/L) 0.5

BOD5 (mg/L) 20 - (10)* Surfactants 0.5

Boron (mg/L) 1.0- (2.0)* Chlorinated Pesticides 0.0001

Chlorides (mg/L) 250-(500)* Escherichia coli 
(CFU/100ml)

10
(CFU/100ml) 

Sulphates (mg/L) 500 Salmonella (CFU/100ml) absent

Electrical Conductivity 
(μS/cm) 

3,000 Sodium Adsorption 
Ratio 

10

Notes: In addition to B even Al, As, Ba, Be,Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Si, Th, V,
Zn, THM, CN, SO3, Benzene, Benzo(a)pyrene and other organics are considered.



Conventional polishing treatment train used to achieve the quality Conventional polishing treatment train used to achieve the quality 
standards fixed for agricultural reuse of municipal wastewater standards fixed for agricultural reuse of municipal wastewater 

Secondary
effluent

disinfectionRapid mix flocculation

reuse

storage

filtration

d s ect o
sedimentation

Membrane 

ultrafiltration



Membrane Filtration pilot plant at CERIGNOLA (FG)Membrane Filtration pilot plant at CERIGNOLA (FG)

[Zee Weed 250][Zee Weed 250]

∅ ext. 1.9 mm
∅ int. 1.0 mm
∅ pores: 0.03 μm 
Material: Polyethylene
Surface: Hydrophilic 

Total membrane surface area 23.5 m2



Municipal wastewater membrane filtration atMunicipal wastewater membrane filtration at
CERIGNOLA plant: some performancesCERIGNOLA plant: some performances

Municipal wastewater membrane filtration atMunicipal wastewater membrane filtration at
CERIGNOLA plant: some performancesCERIGNOLA plant: some performances
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Quality of membrane filtered wastewater compared with Quality of membrane filtered wastewater compared with 
conventional well water and regional quality limitsconventional well water and regional quality limits

Parameter Unit Treated 
Wastewater 

Conventional 
Source 

Regional limits 
(*) 

g yg y

TSS mg/L < d.l. < d.l. 10 

COD mgO2/L 43 32 50 

N-NH4+ mg/L 1.0 0.3 2 

NO - mg/L 9 5 5 8NO3  mg/L 9.5 5.8

P-PO4
- mg/L 2.3 2.3 10 

Na+ mg/L 329 124  

Ca++ mg/L 45 44g

Mg++ mg/L 27 51  

Cl- mg/L 460 256 500 

K+ mg/L 30 18  

B mg/L 1.0 0.1 2.0 

Fe mg/L 0.0 0.0 2.0 

Mn mg/L 0.0 0.0 0.2 

EC dS/ 2 4 1 5 3 0ECw dS/m 2.4 1.5 3.0

S.A.R.  13 4 10 

Total coliforms Cfu/100mL 146 293  

Faecal coliforms Cfu/100mL 38 73Faecal coliforms Cfu/100mL 38 73

Escherichia Coli Cfu/100mL 11 9 10 

Salmonellae Cfu/100mL 0 0 0 
) Limits established by Apulia Region for unrestricted reuse of municipal wastewater in agriculture. (*)

8                         13                          10



Trends of soil electrical conductivity (ECe) and SARTrends of soil electrical conductivity (ECe) and SAR
and comparison with monthly rainfalland comparison with monthly rainfall
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Microbiological parameters measured in soil samples Microbiological parameters measured in soil samples 
on harvesting timeon harvesting time

10000

on harvesting timeon harvesting time

1000

Treated Wastewater
Conventional SourceTomato

Tomato Tomato1000

y 
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M
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N
/g
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10

M

Lettuce
Fennel

LettuceLettuce

F l F l T t F l L tt1
Total Coliform Faecal Coliform

Fennel

Escherichia coli
Fennel

Salmonella
Tomato Fennel Lettuce



Microbiological parameters measured in tomato fruits,Microbiological parameters measured in tomato fruits,
fennel heads and lettuce leaves on harvesting timefennel heads and lettuce leaves on harvesting time

10000

fennel heads and lettuce leaves on harvesting timefennel heads and lettuce leaves on harvesting time

1000
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1

Lettuce

Fennel Fennel Tomato Fennel Lettuce
1

Total Coliform Faecal Coliform Escherichia coli Salmonella



Average concentrations of heavy metals in crops irrigated Average concentrations of heavy metals in crops irrigated g y p gg y p g
with conventional well water (CS) and membrane filtered with conventional well water (CS) and membrane filtered 

wastewater (TW)wastewater (TW)

  Tomato fruits Fennel heads Lettuce leaves Common 
range 

Toxic 
range 

Metal Unit CS TW CS TW CS TW   

Fe mg/kg 12 13   5 10 30-300  

Al mg/kg 4 0 1 2 7 75 75Al mg/kg 4.0 1.2 7-75 75

Cu mg/kg 0 0   3 4 3-20 25-40 

Zn mg/kg 0.4 2.0 9 10 6 6 15-150 500-1500 

Pb mg/kg 0 0 0 0 0 0 2-5 400-200 

Mn mg/kg 0 0 92 101 90 48 15-150  
 



Wastewater Membrane Filtration: Costs EstimationWastewater Membrane Filtration: Costs Estimation

1 25 O&M

0.75
1.00
1.25

eu
ro

/m
3 ) O&M

Capital
Total

0.00
0.25
0.50

co
st

s 
(e

0.15 €/m3

16.8 168 1680 16800
Flow rate (m3/d)

3 ) Membrane replacement

0.15
0.20
0.25

s 
(e

ur
o/

m
3 Membrane replacement

Labour
Energy
Spare parts

0.00
0.05
0.10

&
M

 c
os

ts

p p
Chemicals (membrane cleaning)

0.00
16.8 168 1680 16800

Flow rate (m3/d)

O

Equivalent 
Inhabitants        50                      500                   5000                50000             



Field of fennels irrigated with membrane filtered municipal Field of fennels irrigated with membrane filtered municipal 
wastewater at CERIGNOLA (FG)wastewater at CERIGNOLA (FG)wastewater at CERIGNOLA (FG)wastewater at CERIGNOLA (FG)

Long  term  effects  on crops and soil  have been 
investigated  at  the University of  Bari   by   the 
Department of Science of  Vegetable Production



Th kThank  you

for  your  attentionf y


