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• Initial project: environmental enhancement
• Present-day project: reclaimed water distribution 

network
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Context of water reuse in Spain

• Spanish climate: Reduced and/or irregular rainfall 
patters in the East and South-East

Map source: http://en.wikipedia.org/wiki/File:Spain-climate-en.png
(consulted on 13 Aug 2009)

400 -700 mm/y
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Context of water reuse in Spain

• Density of population: High density of population in the 
East and in the South East – where climate is nicer

Map source: http://en.wikipedia.org/wiki/File:EspDens2.jpg
(consulted on 13 Aug 2009)

High demand of 
drinking water = 
effluents are being 
produced = effluents 
can be reclaimed 
and reused



Context of water reuse in Spain

• State-of-the-art treatment facilities: good quality 
effluents, easy to reclaim

• In coastal areas, net gain of resources

Blanes WWTP, Consorci 
Costa Brava (Girona)

Arroyo de la Miel WWTP, 
Benalmádena, ACOSOL 

(Málaga)

WWTP in Lanzarote, Canary 
Islands



The Costa Brava

• Name given to the coastal strip of the 
Girona province, in NE Spain

• Mediterranean climate: hot, dry 
summers, mild winters and usually wet 
autumns and springs (avg. rainfall 
around 650 mm/year) 

• Rugged coastline, with beautiful 
beaches, tourism-oriented area

• 27 municipalities, approx. 100 km from 
north to south (straight line)

• Resident population, approx. 240,000 
inhabitants. Maximum population in 
summer estimated at over 1 million 
inhabitants (Spanish, European)



The Consorci de la Costa Brava (I)

• Water agency created in 1971 by the 27 municipalities of 
the coastal area of Girona’s province.

• Deals with the whole water cycle:
• Wholesale purveyor of drinking water to 14 

municipalities (3 of them external to CCB) – 18.4 
million m3/year in 2009

• Biological wastewater treatment to 29 municipalities 
(2 of them external to CCB) in 19 WWTP – 29.3 
million m3/year in 2009.

• Reclamation and reuse of treated wastewater for 
non-potable purposes since 1989 - 6.2 million 
m3/year in 2009 produced in 14 facilities

• Construction, operation and maintenance of water 
treatment facilities funded by the Catalan Water Agency 
(regional water authority, tax collecting agency)



The Consorci de la Costa Brava (II)

• Facilities operated by CCB (as of 2010)



The Spanish water reuse regulations

• Wastewater reclamation and reuse is regulated by 
the Royal Decree (RD) 1620/2007

• Several categories depending on type of reuse; 
quality requirements increase with likelihood of 
human contact, in order to keep sanitary risks at a 
minimum

• Compliance of percentile 90
• Basic parameters: suspended solids, turbidity and 

concentration of E. coli



Quality criteria of the main uses (as P90)

Type of use SS, mg/l Turbidity, NTU E. coli, cfu/100 ml

Non-potable urban –
residential (1.1)

10 2 0

Non-potable urban –
municipal (1.2)

20 10 200

Irrigation of crops to 
be eaten raw (2.1)

20 10 100

Use in cooling towers 
and evaporative 
condensers (3.2)

5 1 0

Golf course irrigation 
(4.1)

20 10 200

Aquifer recharge by 
percolation (5.1) 

35 - 1,000



Tossa de Mar (I)

• Small village on the south of Girona province (NE Spain).
• Area with beautiful landscapes and monuments.
• Geographical isolation.



Tossa de Mar
• Resident population: 6,000 inhab.
• Summer population: 60,000 inhab.
• Drinking water consumption: 1,000,000 

m3/year
• Natural shortage of water resources:

– Local resources: 20%
– External resources: 80%

• 52% groundwater from aquifer of river 
Tordera (15 km south)

• 28% Blanes desalination plant (15 km 
south)
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EVOLUTION OF SOURCES OF DRINKING WATER IN TOSSA DE MAR

Tossa creek groundwater Tordera river groundwater Blanes desalination plant



Factors affecting drinking water supply

• Urban development in an area with water shortages 
represents:
– Limitations in the amount of available water on:

• Local aquifer
• Distant aquifer
• Desalination plant

– Invesments of increasing cost to cope with demand
– High energy consumption for water production and transfer
– High-cost water used for:

• Domestic supply, but also for…
• Municipal services (irrigation, street cleaning, cleaning of garbage 

containers, etc.) – there is only one municipal water distribution 
system

– In case of drought, risk of restrictions in water supply for uses 
different than domestic supply (non-potable uses)



A unique challenge

• To develop a new water resource 
with the following specificities:
– Usable volumes
– Adequate for uses different than 

domestic supply (for non-potable 
uses), but safe from the perspective 
of public health protection

– Its production requires a lower 
energy consumption 

– Maximum guarantee of supply even 
in drought periods

– With no impact on aquatic 
ecosystems or on aquifers (there is 
no new withdrawal from the 
environment)

Reclaimed water on the lamella clarifier of Tossa 
de Mar, 16 June 2006



Reclaimed water
• Pros / Strong points

– Fullfills the previous requirements
• Cons / Limitations

– If there is no aquifer big enough so 
groundwater recharge can be 
done, it will require a specific 
distribution pipeline system

– Ideally, need of 3 storage tanks: 
• Equalization of secondary effluent
• To store reclaimed water within the 

reclamation facility – new 
chlorination and internal 
recirculation are advisable

• Gravity feed to the network

Reclaimed water in the sand filter of Tossa 
de Mar, 13 May 2010

To generate new water resources, of whatever kind, 
requires investments on infrastructures



Water reuse in Tossa de Mar: some history (I)

• 1997: The municipality of Tossa de Mar arranged a 
marginal piece of land (uncontrolled landfill) and 
turned it into the Parc de Sa Riera

• Nearby WWTP. Suface: 4 ha
• Water needed for the irrigation of the new plantation
• Treated wastewater as a solution:

– Proximity
– Abundance (in relationship to demand)

• Needs: reclamation treatment
• Initial solution:

– Old sludge drying beds (not in use) to reduce 
suspended solids followed by chlorination

– Underground inrrigation
– Area where reclaimed water was applied to have 

percolation and extraction through an old well to feed 
the pond with nitrified water

• Consumption: approx. 150 m3/day
• Unexpected streamflow augmentation in the local 

creek downstream of the Parc de Sa Riera



Water reuse in Tossa de Mar: some history (II)

Photos by courtesy of the municipality of Tossa de Mar



Water reuse in Tossa de Mar: some history (III)

Photos and drawings by courtesy of the municipality of Tossa de Mar

Old sludge drying beds New plantation in the Parc de Sa Riera Recharge well



Water reuse in Tossa de Mar: some history (IV)

• 90’s – Serious drought that reduces groundwater 
level on the lower Tordera river aquifer (main 
source of drinking water in Tossa and the 
neighbouring municipalities) that causes its 
salinization

• 2001 – ACA declares aquifer overdrafted
• 2001 – ACA begins the construction of Blanes 

desalination plant for municipal water supply  
• 2002 - Contacts with ACA for the construction of 

a reclamation treatment in Tossa de Mar: 
– To reduce drinking water consumption by replacing 

it on municipal non-potable uses
– To increase the reliability of treatment, specially in 

relationship with disinfection
– To expand reclaimed water use in the municipality
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Water reuse in Tossa de Mar: some history (V)

• 2003 – New reclamation treatment with 
funding by Catalan Water Agencgy (ACA) 
(547,520 €, VAT included).

• Capacity 35 m3/h that can be upgraded up 
to 140 m3/h. Treatment processes:

– Coagulation
– Flocculation
– Sedimentation
– Sand filtration
– Combined disinfection:

• Sodium hypochlorite
• UVA Berson (Max. dose at design conditions 

= 48 mJ/cm2).
– Storage tank for reclaimed water: 700 m3

– Reliability elements: online probes and 
automatization of valves

• Turbidity probe on secondary effluent
• Redox potential proble at the inlet of the 

storage tank
• Free residual chlorine measurement on the 

storage tank
– Operational protocol

• Volume supplied on 2009: 80.400 m3



Water reuse in Tossa de Mar: some history (VI)

Surroundings WWTP, 1997 Surroundings WWTP, 2002 Prof. Takashi Asano on 
Parc de Sa Riera, June 2007

Streamflow augmentation 
through soil percolation

June 2007

Parc de Sa Riera
August 2009



Water reuse in Tossa de Mar: some history (VII)

Streamflow augmentation 
through percolation

June 2007



Environmental monitoring
• Data provided by the Center for the Study of Mediterranean Rivers (CERM)

• Iberian Monitoring Working Party index (IBMWP): determines abundance and 
diversity of macroinvertebrate populations on Iberian Peninsula streams

Aquatic organisms have an 
habitat even on dry years 
– easier recovery of 
ecological quality

http://www.ccbgi.org/docs/memoria_riera_tossa_2007.pdf

Alevín de anguila capturada en la riera 
de Tossa de Mar en el punto To2. Foto 
cortesía CERM.

Drought of autumn  
2007, To1 dry



Health protection in reclamation

Pre-potable water
E. coli : 1x102 ufc/100 ml.
Ter river, El Pasteral, 
Montfullà DWTP, August 2009

DRINKING WATER REGULATIONS

Treated wastewater
E. coli : 1X106 cfu/100 ml.
Secondary effluent, WWTP 
Castell d’Aro, August 2009

INACTIVATION > 2 log units DRINKING WATER
< 1 cfu/100 ml

RECLAIMED WATER
QUALITY: 1.2
<200 cfu/100 ml

INACTIVATION > 4 log units 

RD 1620/2007

RECLAIMED WATER
QUALITY: 1.1
<1 cfu/100 ml

INACTIVATION > 6 log units 

Jordi Muñoz (EMACBSA) - “Strategies of disinfection and reliability  
in water reclamation”, Barcelona, 19 November 2009 



Health-related monitoring 2003-2005 (I)

Parameter
Tossa de Mar

Reclaimed water
(n=11)

Recharge well on 
Parc de Sa Riera

(n=10)

Faecal Coliforms, log units/100 mL � 0,45 � 1,82

Faecal Streptococci, log units/100 mL � 0,21 � 0,85

Sulphite-reducing clostridia, log units/100 mL � 0,39 � 1,21

Somatic coliphages, log units/100 mL � 1,72 � 0,63

F-RNA coliphages, log units/100 mL � 1,38 � 0,22

Enteroviruses, log units/L 
(n= 10 and n=8, respectively)

� 0,00 � 0,00

Microbiology (MARS reseach group). Geometric averages

Unpublished data

MARS – Health-Related Water Microbiology (Microbiología de Aguas Relacionada con la 
Salud), University of Barcelona - Dr. Joan Jofre, Dr. Francisco Lucena and Dr. Anicet Blanch.



Health-related monitoring 2003-2005 (II)

Microbiology (MARS reseach group). Geometric averages

Microorganisms

Averages 2003-2005
Tossa Creek 

RIU1 (upstream 
recharge point), 

n=8

Tossa Creek 
RIU2 (downstream 

recharge point), n=11
Difference

Bacteria

Faecal Coliforms, log units/100 mL 2,31 � 2,48 � 0,17

Faecal Streptococci, log units/100 mL � 1,72 � 2,06 � 0,34

Sulphite-reducing clostridia, log units/100 mL � 1,03 � 1,41 � 0,38

Viruses

Somatic coliphages, log units/100 mL � 1,47 1,28 � - 0,19

F-RNA coliphages, log units/100 mL � 1,03 � 0,78 � - 0,25

Enteroviruses, log units/L 
(n= 7 and n=10, respectively)

� 0,00 � 0,00 0,00

Unpublished data



Reclaimed water quality (I)

EVOLUTION OF THE RECLAIMED WATER QUALITY IN 
TOSSA DE MAR. PERCENTILE 90 OF THE ANNUAL SET OF 

DATA.

0,0

5,0

10,0

15,0

20,0

25,0

2003 2004 2005 2006 2007 2008 2009 2010

Year

S
S

, t
ur

bi
di

ty

1

10

100

1.000

10.000

100.000

E
sc

he
ric

hi
a 

co
li

SS, mg/L Turbidity, NTU Escherichia coli, cfu/100 mL

Until 2006, faecal coliforms 

Annual number of samples 
SS: 131 - 171 values
Turbidity: 180 - 361 values
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Limit turbidity quality 1.1

Limit E. coli  quality 1.1

Limit SS quality 1.1



Reclaimed water quality (II)

EVOLUCIÓN DE LA CALIDAD DEL AGUA REGENERADA 
EN TOSSA DE MAR. PERCENTIL 90 DEL CONJUNTO 

ANUAL DE DATOS.
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Número anual de muestras
SS: 131 - 171 valores
Turbidez: 180 - 361 valores
CF o Escherichia coli : 43 - 86 valores

Límite SS para calidad 1.1

Límite turbidez para calidad 1.1

Límite E. coli  para calidad 1.1

• Parameters of interest for public health protection:

– Complies quality requirements for uses 1.2, 2.1, 2.2, 2.3, 3.1, 4.1, 
4.2, 5.1 and 5.3 of RD 1620/2007

– Turbidity is, by little, the only limiting factor for the compliance of 
requirements for uses 1.1 and 5.2 (2 NTU) and 3.2 (1 NTU)



Reclaimed water quality (III)
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Microbial inactivation capacity (I)



Microbial inactivation capacity (II)



Microbial inactivation capacity (III)



The disinfection process (I)



The disinfection process (II)
EVOLUCIÓN DE LAS MEDIAS MENSUALES DE LAS 
INACTIVACIONES MICROBIANAS EN LA PLANTA DE 

REGENERACIÓN DE AGUA DE TOSSA DE MAR
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• The disinfection process is effective against important variations 
in the microbiological quality of secondary effluent

• High inactivation level of two bacterial indicators of different
resistance and of one viral indicator

• The trend of the inactivation of the microorganisms with the 
greater resistance (clostridia spores) shows an increase of the 
disinfection capacity

• The overall result is a intense, reliable and wide range 
disinfection



The development of the reclaimed water 
distribution system in Tossa de Mar
• Initially, loading point beside the reclamation 

facility. Tank trucks used reclaimed water for 
street cleaning, garden irrigation and other 
urban non-potable uses

• Need of loading points closer to the urban area 
in order to increase the use of reclaimed water

– Preparation of project and quest for funding at 
municipal level

– Implemented at the same time than the natural 
gas distribution system

– Newly developed areas are requested to have 
connection to the reclaimed water  distribution 
system for the non-potable uses (most likely, 
garden irrigation)

• Private garden irrigation pending of permit 
from Health Department



Tossa de Mar reclaimed water network –
July 2010

• Total length (2009) 5,500 m. 
Polyethylene pipeline, diameter 
160 mm. Investment (up to now): 
approx. 365,000 €. Still pending 
gravity storage tank: 226,000 €
(budget).

• Green line: connected areas
• Red line: pending facilities

Map of the reclaimed water 
distribution system by courtesy of 
the  Tossa de Mar municipality



Monitoring of quality on the distribution system

• SS and turbidity remain low and stable
• In 2009, concentration of E. coli was:

– < 1 cfu/100 ml, 100% samples taken in points of use
– 3 cfu/100 ml (P90 of 59 samples) in a sampling 

point in between

• Total residual chlorine decreases along the 
distribution system 

• Rechlorination could be needed in distant areas in 
the future

• Dissolved oxygen values have been high enough  
(> 3 mg/l) to prevent odours to appear

• No detectable risk of Legionella disease 
according to Spanish Guide from Ministery of 
Health (“Guía técnica para la Prevención y 
Control de la Legionelosis en instalaciones -
Riego por aspersión en medio urbano”) -
http://www.msc.es/ciudadanos/saludAmbLaboral/
agenBiologicos/pdfs/10_leg.pdf (in Spanish)



Conclusions
• Spain: increasing experience on wastewater reclamation and reuse
• Tossa de Mar: 12 years of progressive development of planned water reuse
• Motivated by water scarcety
• Goals: to replace drinking water and increase available resources
• Uses: Environmental enhancement beside WWTP and non-potable uses in 

urban areas
• Infrastructures:

– Constructed, 837.000 €
• Water reclamation plant: 35 m3/h (max 840 m3/day ), 472,000 €
• Distribution network: 5,500 m, 365,000 €

– Pending, 226,000 € (budget)
• Gravity storage tank

• Main benefits:
– Recovery of degraded land: creation of the Parc de Sa Riera (4 ha)
– Supply of safe water for urban non-potable uses (garden irrigation, street cleaning, 

etc.)
– Guarantee of supply, compared to past limitations / restrictions



IWA Water Reuse Conference, Barcelona 2011

For further information, visit
http://www.waterbcn2011.org/


