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Framework 
Growing population worldwide, economic development and 
increasing degradation of freshwater resources make the 
actual management of urban waters unsustainable for the 
world of tomorrow. Competition between water users, 
inadequate technologies or inappropriate managerial 
approaches makes better and adequate capacity building 
necessary. Furthermore, due to academic financial 
restrictions, PhD students are often limited in their ability to 
present and discuss their ongoing research projects at an 
international level. 

The LEESU research group and the H2o Association organise in the framework of the "University for 
water and sustainable development" of the Val-de-Marne County (South-East of Paris) an annual 
doctoral workshop dedicated to young environmental scientists. 

Since the creation of the workshop in 2001, the thematic outline is "Urban waters, resource or risk", 
emphasizing the necessity of the integration of human activity in the natural environment to enable 
sustainable development of urban space. The workshop is multidisciplinary joining natural (urban 
hydrology, chemistry, ecology, health sciences...) and social sciences (architecture, management, decision 
making...), to improve trans-disciplinary discussions and social commitment of the scientific research in 
the field of integrated water management. 

This workshop is characterized by a non formal work environment stimulating scientific creativity, 
exchange and discussion between participants, which number is limited to 25. For each participant, both 
papers and oral presentations especially focus on:  

o The scientific context,  

o The research questions together with their environmental justification,  

o The field and/or laboratory and/or model methodologies that are currently or will be used, 
together with their justification for addressing the questions presented before,  

o The planned research activity,  

o The significance and limitations of these methodologies for developing countries. 

Indeed this workshop is not mostly dedicated to present original results (the purpose of all conventional 
scientific conferences), but to present, discuss and justify methodologies selected by each PhD student. 
Furthermore, taking into account the large field of "urban water", papers and presentations are well 
illustrated for being well understood. Finally, taking into account the large participation of students issued 
from developing countries, each paper and oral presentation should also include some discussion of the 
benefits and limitations of such methodologies within developing countries, where most up-to-date 
technology is often not available. 

 

The five days of the workshop are dedicated: 

o To the presentation, discussion and assessment of the individual research projects of each 
participant and  

o To the building-up of international environmental research projects.  

o A half-day of the workshop is dedicated to a technical visit of urban water management 
equipments in the Val de Marne County. An evening session is dedicated to the public 
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presentation and discussion of an international survey, conducted by the workshop participants, 
on drinking water resource, production and distribution conditions in selected towns. 

In conclusion the capacity building objectives of the WWW-YES workshop are focussed on 8 major tasks 
of an environmental scientist who wishes to reach an international expertise level: 

1. Ability to present, discuss and build collaborations using English as a communication language, 

2. Prepare a well formatted and structured scientific paper according to International Water 
Association guidelines, 

3. Prepare a review report on a paper submitted for publication in an international journal and 
make general comments as well as specific questions to the author(s), 

4. Chair a scientific presentation and discussion on a topic not closely related to your own one, i.e. 
moderate the discussion, find justified questions if necessary, control the discussion time, 

5. Build an international work group including both nature and human scientists, working 
efficiently on a common goal,  

6. Build a collaborative research project according to an international call and to limited time and 
strict format constrains and justify it for an international expert panel, 

7. Conduct a scientific survey on a given city and collect both technical, economical and social 
data, the 3 major pillars of a sustainable development approach, 

8. Present and discuss environmental or sustainable development issues to/with an non specialised 
public made of elected representatives and local citizens. 

 

Program 
Oral presentation (6 to 9 June 2011) 
Each participant has prepared and uploaded prior to 4 April 2011 a 6-10 page manuscript following the 
suggested format. 

Each participant has prepared a 10 min scientific presentation, in English, on his / her research project 
and is ready for 30 min detailed scientific discussion during the workshop, also exclusively in English, 
chaired by the workshop participant in charge of reviewing his/her manuscript. 

The oral presentation (ca. 10 slides) should especially focus on: 

o The scientific context of the research subject,  

o The research questions that are expected to be answered during the PhD preparation, together 
with their environmental justification,  

o The field and/or laboratory and/or model methodologies that are currently or will be used, 
together with their justification for addressing the questions presented before,  

o One or two major results obtained so far,  

o The planned research activity till the end of the PhD (or after its termination, in the case of a PhD 
which is already finished),  

o The significance and limitations of these methodologies for developing countries. 

Workshop participants are reminded of the large diversity of background knowledge within their 
colleagues, i.e. from natural to human sciences: thus these oral presentations should be extremely clear 
and well illustrated, allowing non-specialists of the research field to understand the raised environmental 
questions and the applied methods. 

Each participant has received a manuscript to review, using a referee report form: this review was 
expected to be filled and sent back prior to 26 April 2011 to Daniel Thevenot, who has then send these 
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reports to the author of the refereed manuscript. Thus WWW-YES-2011 participants should be ready, 
after their oral presentation, to answer to comments and questions raised by his/her referee. 

A printed version of the proceedings draft version will be given to each participant upon arrival. In the 
meanwhile a light version of this document will be available on the web: due to file size limitations on 
this server, all photographs and numerous illustrations may have to be deleted. Since 2008, all 
participants are offered to publish their paper in an Open Source specific collection (http://hal.archives-
ouvertes.fr/WWW-YES/fr/ ). 

 

Field visit (Tuesday 7 June 2011 afternoon) 
A half-day technical visit on urban water issues will be organised at several sites of Bièvre valley, close 
to Arcueil. The SIAVB will explain the Bièvre River management upstream the highly urbanised part of 
the river where it becomes a domestic underground sewer. A visit of one of the hydraulic regulation lakes 
will follow. Finally, participants will discover parts of the Bièvre River where it has been re-opened, in 
the middle of a newly designed park (Parc des Prés). This visit will be accompanied by senior scientist to 
ensure the transfer of knowledge and the discussion with the representatives of the local water authority. 

 

Public discussion on drinking water management (Tuesday 7 June 2011 evening) 
In the evening of Tuesday 7 June, all WWW-YES participants are invited to take part to a public 
discussion session with institutions, associations and citizens of the Bièvre valley on the topic of 
"Drinking water management: results of an international survey conducted by young environmental 
scientists". This public discussion will take place at Jean Vilar picture theatre (few hundred meters from 
CAVB buildings at Arcueil) after a documentary English speaking film presentation on the Ganges River 
(Ganga Maya). Translation to/from English will be offered to the workshop participants, so that they 
understand the questions raised by the French public and are able to reply in English and be understood 
by the public. 

Thus each selected participant has received an html link to an on-line survey questionnaire which should 
have been filled prior to 4 April 2011 on a city of his/her choice (except for cities which have been 
surveyed by participants of past WWW-YES editions). For the same deadline, each participant have sent to 
Daniel Thévenot 3 JPG pictures files and a country map illustrating the drinking water equipment 
and/or problems on the selected city as well as a map of the country indicating the city location. 

Four voluntary workshop participants have prepared an English summary presentation of the surveyed 
towns and present it orally to the public attending this meeting. During the discussion, workshop 
participants will be asked on the city which they will have selected for this survey. In order to prepare this 
public presentation and discussion, a rehearsal will be performed, in the presence of only WWW-YES-
participants, on Monday 6 June afternoon. 

 

Collaborative research project building-up (8-10 June 2011 - half-day sessions) 
At the start of the workshop, participants will be invited to build multidisciplinary groups of 4-5 
persons. Each group will prepare a proposal for international scientific research, under the guidance of 
senior experts. The topics of these proposals are defined with the help of actors of decentralized 
cooperation in the field of water supply and sanitation, or with academic searchers. 

For better understanding of such role game, this collective proposal preparation will be introduced by a 
short course on scientific proposal writing and accompanied by senior scientists who have all experienced 
European research projects. 

Each collaborative research proposal will result both into a one-page ‘expression of interest’ distributed 
to participants and into an oral presentation and discussion with a panel of senior scientists and 
practitioners on the morning of Friday 10 June 2011. The aims of this exercise are to learn how to justify 

http://hal.archives-ouvertes.fr/WWW-YES/fr/
http://hal.archives-ouvertes.fr/WWW-YES/fr/
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all aspects of an international research project and to help participants to possibly obtain a support for 
future environmental research projects during or after their PhD preparation. 

 
Organising committee 

• Daniel THEVENOT – University Paris-Est – LEESU, France 

• Martin SEIDL - UFMG EHR Brazil / Université Paris-Est Ecole des Ponts ParisTech - LEESU, 
France  

Scientific committee 
• Daniel THEVENOT - Université Paris-Est – LEESU, France 

• Martin SEIDL - UFMG EHR Brazil / Université Paris-Est Ecole des Ponts-ParisTech LEESU, 
France 

• Sani LAOUALI - University Abbou Moumouni, Niamey, Niger 

• Tahar IDDER - University Kasdi Merbah, Ouargla, Algeria 

• Gilles VARRAULT - Université Paris-Est Créteil – LEESU, France 

• Bruno TASSIN - Université Paris-Est Ecole des Ponts-ParisTech – LEESU, France 

• Jean Claude DEUTSCH – Université Paris-Est Ecole des Ponts-ParisTech – LEESU, France 

• Nilo NASCIMENTO - UFMG EHR, Brazil 

 

Workshop sites 
Accomodation  
Thanks to Arcueil municipality, all WWW-YES participants (including those living in Paris conurbation) 
will be accommodated within the “Maison des Sportifs” ground level which access is situated at 12 rue 
Victor Bash, 94 114 Arcueil (see map below). This site is conveniently situated ca. 250 m from RER B 
(fast metro line directly connected to CDG airport) Laplace station. Room keys will be provided by 
WWW-YES organisers during Sunday 5 June at this site or on Monday 6 June at the workshop site. 

This accommodation site is conveniently situated ca. 250 m from Arcueil city hall (Monday 6 June work 
place) and ca. 400 m from Communauté Urbaine du Val de Bièvre (CAVB) (Tuesday 7 June till Friday 
10 June workplace). 

This accommodation site contains: 

o 9 double rooms and 1 single room, all containing a washing basin,  

o Sheets, blankets, pillow… are placed in plastic gaskets below each bed, but neither towels nor 
soap are provided,  

o A sanitary block containing several showers, toilets and basins (including equipment and 
products for cleaning after use),  

o A small eating area including a fridge, a microwave, a coffee maker, tables, chairs and utensils 
for ca. 8 persons: thus, just as for the sanitary block, participants need to get organised and 
successively share these facilities; WWW-YES organisers will provide basic drinks and food for 
breakfast prior to 6 June morning,  

o Each room key allows the opening of both the outside door and the room door, but only room 
number 1 key (the only single room) contains a key for opening the garden grid: thus it is 
suggested not to close this grid during the workshop. 
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Participants will be accommodated at this site from Sunday morning 5 June till Sunday morning 12 June 
2011. Keys to the rooms will be given to WWW-YES participants (one key per double room) by Martin 
Seidl on Sunday 5 June (from 2 pm to 7 pm). 

An information meeting will be held at accommodation site on Sunday 5 June at 7 pm (19:00) by Martin 
Seidl. 

 

Workshop sites 
Thanks for the Arcueil municipality, a large and well equipped function hall named “Salle du Conseil” 
will be available for the first day of the workshop (Monday 6 June). It is conveniently situated at ca. 400 
m from the accommodation site at 10 avenue Paul Doumer, 94 114 Arcueil (see map below). 

This hall contains:  

o A workshop zone with table, chairs, video projector, laptop PC and paper boards, 

o A lunch area where a buffet lunch will be delivered. 

Thanks to the “Communauté Urbaine du Val de Bièvre” (CAVB), a large and well equipped function 
hall named “Salle du Conseil” will be available during the rest of the workshop Tuesday 6 June till Friday 
10 June). It is conveniently situated at ca. 400 m from the accommodation site at 7-9 avenue François 
Vincent Raspail, 94 114 Arcueil (see map below). 

This hall contains:  

o A workshop zone with table, chairs, video projector, laptop PC and paper boards,  

o A coffee break area with coffee machine, boiler and soft drinks,  

o A lunch area where a buffet lunch will be delivered each day,  

o Computer Internet access facilities (using RJ45 cables), either in the main hall or in an adjacent 
small room, 3 PCs and a black and white printer. 

 

Public meeting site 
Thanks for the festival de l’Oh! and the Val-de-Marne county, the Jean Vilar picture theatre will be 
opened to the public and to the WWW-YES participants for the evening of Tuesday 7 June. This hall is 
conveniently situated at ca. 800 m from the workshop site at 1 Rue Paul Signac, 94110 Arcueil (see map 
below). After a documentary English speaking film presentation on the Ganges River (Ganga Maya), 
WWW-YES participants will present and discuss with an non-specialised public the results of the 
drinking water surveys conducted from 2009 to 201 (4 workshop editions). 

 

Urban transportation in Paris by RATP 
From the Airport (< 10€) 
RER : line B from the CDG Airport to Laplace station, then walk (10 min) till 12 rue Victor Bash, 94 114 
Arcueil (see map below) 

http://www.ratp.info/touristes/index.php?langue=en
http://www.paris-cdg.com/maps.html
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RER B (fast metro 
with direct connexion 
from CDG airport): Laplace 
station 

Work site (6 June): Arcueil 
city hall  
10 Avenue Paul Doumer, 94110 Arcueil 
(ca. 400 m from accommodation site) 

Accommodation site 
12 rue Victor Bash (ca. 250 m from  
RER Laplace station) 

Work site (7-10 June): CAVB 
7-9 ave François Vincent Raspail (ca. 
400 m from accommodation site) 

Jean Vilar hall (7 June)  
1 Rue Paul Signac, 94110 Arcueil  
(ca. 800 m from accommodation site) 

 
Figure 1: Map of WWW-YES accomodation and work sites 
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http://www.h2o.net/
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http://leesu.univ-paris-est.fr/yes/
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WWW-YES-2011 Preliminary detailed programme 

Monday 6 June 

C
on

f. 
nu

m
be

r

C
on

f. 
Ti

m
e 

FAMILY 
NAME  

First 
Name Nationality University Title of presentation and 

paper 

Paper 
chairper
son and 
reviewer

  8:30 THEVENOT  Daniel   Universite 
Paris-Est 

WWW-YES-2011 participants 
welcome   

  9:00 ROSSIGNOL Joseph   
Val-de-
Marne 
county 

Official opening of the 11th 
WWW-YES workshop   

  9:15 METAIRIE Christian   Val-de-
Bievre 

Official opening of the 11th 
WWW-YES workshop   

  9:30         Short presentation of each 
WWW-YES-2011 participants   

  10:30         Break   

  Session 1. Water management 

1 11:00 BERNAL 
PEDRAZA 

Andrea 
Yolima Colombia 

Instituto 
Politecnico 
Nacional 

Local development in peri-
urban and rural areas based 
on co-management for small 
water supplies in Colombia 

NIETO 
TOLOSA 
Matias 

2 11:40 CUNHA Davi Brazilian 

University 
of Sao 
Paulo 
(USP) 

A novel integrated concept of 
urban water management in a 
megalopolis from Latin 
America (São Paulo, Brazil): 
risk or opportunity? 

BERNAL 
Andrea 

3 12:20 FLORES Rafael Brazilian 

Federal 
University 
of Rio 
Grande do 
Sul 

Distinction between 
privatization of services and 
commodification of goods: the 
case of the water supply in 
Porto Alegre 

SOYER 
Mathilde 

  13:00         Buffet lunch and group set-up   

  14:00 SEIDL Martin French Université 
Paris-Est 

Presentation of research 
cooperation project topics   

  14:30         
Selection of research 
cooperation project topic by 
each group 

  

  
15:00 

THEVENOT Daniel 
  

  

Research cooperation 
project building-up 
methodology: an introduction   

  15:30 
Summary 
group 
members 

      
Rehearsal of presentation 
and discussion of drinking 
water survey summary 

  

  18:00 End of 
session           
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Tuesday 7 June 

C
on

f. 
nu

m
be

r

C
on

f. 
Ti

m
e 

FAMILY 
NAME  

First 
Name 

Nationalit
y 

Universi
ty 

Title of presentation and 
paper 

Paper 
chairperson and 
reviewer 

  Session 1. Water management (follow.) 

4 8:30 HU Fang-
yu 

Taiwanes
e 

Universite 
Paris-Est 

Interaction between urban 
form/pattern and its 
hydrology. Taking the 
flood risk in consideration 
in urban spatial 
organisation. Taipei case 
study  

CUNHA Davi 

5 9:10 NIETO 
TOLOSA Matias Spanish 

Technical 
University 
of Madrid 

Urban Hydro-Sociology: 
analysis of the mutual care 
between waters and 
citizenship in Brazil 

HU Fang-yu 

6 9:50 SOYER Mathild
e French Universite 

Paris-Est 

Improvement in urban 
storm water management: 
analysing the innovation 
process through the three 
observatories of urban 
hydrology in France 

FLORES Rafael 

  10:30         Break   

  Session 2. Water quality 

7 11:00 ORLOFS
KY Ezra USA and 

Israel 

Ben-
Gurion 
University 

Science Based Monitoring 
for Produce Safety: The 
Correlation between Fecal 
Indicator Bacteria and 
Pathogens in Effluent 
Irrigated Tomatoes  

CLADIERE 
Mathieu 

8 11:40 GHERVA
SE 

Luminit
a Romanian

University 
of 
Bucharest

Antropic influence on 
lakes water quality – case 
study of Bucharest city 

FADEL Ali 

  12:20         Buffet lunch   

  13:20 
Bus 
transporta
tion 

Technical visit of the Bievre river/sewer equipments: SIAVB 
(upstream Bievre management) and Parc des Pres (Fresnes)   

  17:30   Break and walk to the Jean Vilar picture theater (Arcueil): 
presentation equipment set-up   

  19:00   Buffet diner   

  19:30   Public presentation of documentary film on the Ganges 
River (“Ganga Maya” by Agathe De Valence, 2001, 20 min)   

  20:00  

Public presentation of the WWW-YES international 
survey on drinking water management: presentation and 
discussion with Val de Bievre citizen (translation to/from 
English available) 

  

  21:20 End of 
session           
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Wednesday 8 June 

C
on

f. 
nu

m
be

r

C
on

f. 
Ti

m
e 

FAMIL
Y 
NAME  

First 
Name 

Nationalit
y 

Universi
ty 

Title of presentation and 
paper 

Paper 
chairperson and 
reviewer 

  Session 2. Water quality (follow.) 

9 8:30 SILVA Talita Brazilian Universite 
Paris-Est 

Modelling cyanobacteria 
dynamics in urban lakes: 
an integrated approach 
including watershed 
hydrologic modelling 

ORLOFSKY Ezra 

10 9:10 FADE
L Ali Lebanese Universite 

Paris-Est 

A coupled hydrodynamic 
biological model for 
cyanobacteria dynamics in 
reservoirs  

EWEMOJE Oluseyi 
Elisabeth 

11 9:50 
DE 
BOUT
RAY 

Marie-
Laure Canadian 

Ecole 
Polytechni
que de 
Montreal 

Biological Treatment vs 
Monitoring and Lake 
Ecosystem Modeling: 2 
different approaches to 
assess cyanobacterial 
bloom  

GHERVASE 
Luminita 

  10:30         Break   
  11:00     Research cooperation project: preparation   
  12:30         Buffet lunch   
  13:30     Research cooperation project: preparation   

  18:00 
End of 
sessio
n 

          



WWW-YES-2011 proceedings (draft version) 

10 / 141 

Thursday 9 June 

C
on

f. 
nu

m
be

r

C
on

f. 
Ti

m
e 

FAMILY 
NAME  

First 
Name 

Nationalit
y 

Universi
ty 

Title of presentation and 
paper 

Paper 
chairperson and 
reviewer 

  Session 3. Water treatment 

12 8:30 CLADIER
E Mathieu French 

University 
Paris-Est 
Creteil 

Discharges of endocrine 
disrupting chemicals by 
combined sewer overflows 
into receiving water: case-
study of the Paris 
conurbation 

LIM Jun Wei 

13 9:10 EWEMOJ
E 

Oluseyi 
Elizabet
h 

Nigerian 
University 
of Ibadan, 
Ibadan 

Use of Pilot Scale 
Horizontal Sub Surface 
Flow Constructed 
Wetlands for 
Phytoremediation of 
Primary Lagoon Effluents 

SILVA Talita 

14 9:50 LIM Jun 
Wei 

Singapore
an 

Nanyang 
Technolog
ical 
University 

Anaerobic Co-digestion of 
Brown Water and Food 
Waste for Energy 
Recovery 

HOSSEINI Seyed 

15 10:30 HOSSEIN
I 

Seyed 
Moham
mad 

Iranian USM 

Optimization of NaOH 
thermo-chemical 
pretreatment process for 
enhancing solubilization of 
rice straw by Response 
Surface Methodology in 
order to prevention of 
water resource pollution  

DE BOUTRAY 
Marie Laure 

  11:10         Break   
  11:40     Research cooperation project: preparation   
  12:30         Buffet lunch   

  13:30     
Research cooperation project: summary 
preparation (EoF)   

  
15:30 

    
Research cooperation project: presentation 
preparation (PPT)   

  18:00 End of 
session           
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Friday 10 June 

C
on

f. 
nu

m
be

r 

C
on

f. 
Ti

m
e 

FAMILY NAME  First 
Name Title of presentation and paper 

Paper 
chairperson 
and reviewer

   
  Session 3. Water treatment (follow.) 
  8:30 THEVENOT Daniel Presentation equipment set-up   

  
9:00 

    

Research cooperation project 
presentation & discussion by each 
group   

  11:30     
Research cooperation project: 
classification (ballot)   

  12:00     
Celebration of the winner group around a 
glass   

  12:30     
Farewell lunch & workshop evaluation 
by participants   

  14:00 End of 
workshop   
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WWW-YES-2011 session 1: Water quality 

1. Local development in peri-urban and rural areas 
based on co-management for small water 
supplies in Colombia 

Andrea BERNAL* and Luis RIVAS** 
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Abstract 
More than 6.000 small water supplies in Colombia are managed by communities. 
Nevertheless, goverment has not public policies, and doesn´t exist and special legal 
framework for this organizations. Over predefined variables, I will analize five 
colombian cases (small communities / periurban and rural) to propose a co-management 
model based in acthors and roles, and to show how the government can support this 
management alternative. 

Keywords  
Small water supply; communitarian water management; environmental management; 
Colombia  

INTRODUCTION 
The sector of water and sewage services in Colombia have experimented a real improvement 
following a mayor legislative act – Law 142 of 1994. The coverage and efficiency in urban areas 
reach 90%, as a result of public policies that have been focused on the support for strong 
operators. Nevertheless, the situation in rural areas are critical, because the drinking water 
coverage is 55% and the sewage pipelines coverage is of 28% (SSPD, 2010), and additionally 
the quality and the continuity are still extremely deficient. 
 
The access to drinking and sewage water in Colombia are provided by public or private 
companies, under different management models. Usually, small scale local operators provide 
water supply or sewage solutions in peripheral urban and rural lands, mostly found in slum areas. 
According to the Rural Sanitary Inventory (MAVDT, 2005), there are approximately 12.000 
small water supplies for human consumption in Colombia. Although, reliable data does not exist, 
it could be calculated that near to 90% of these systems are operating thanks to  communitarian 
management (SSPD, 2010) 
 
As a central hypothesis of the research presented in this paper, it postulates that communitarian 
management for small water supplies is essential to satisfy food and sanitary of the Colombian 
peri-urban and rural population, and its also the way to empower communities and to allow them 
to reach an improved local development. 

mailto:artenoble@hotmail.com
mailto:larivas33@hotmail.com
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Conceptual Framework 
Communitarian water and sewage systems are traditional social structures. They exist in 
locations where the local community has resolved the water supply problem by itself  promoting 
participative action and collective ownership. This type of management helps to replace the vital 
right to water access, allows the communities to acquire experience in management of natural 
resources different nd enforces the underlying social structures that support local development. 
 
The doctoral research named “Communitarian Management Model for Small Water Supplies – 
Observation of Colombian Cases” began in September of 2010. As a first goal, the research 
presents the state-of-the-art of communitarian management, formulates a characterization of the 
studied problem and explores some Colombian cases. The intention, afterwards, is to release the 
constituent variables of communitarian management for small water supplies, in order to 
formulate a management model to explain the interaction between these variables, thus 
identifying improvement opportunities and applying strategies of adaptive management. 
 
According to recent academic publications, it has been postulated that communitarian 
management is a valuable initiative towards the enforcement of social networks, but requires 
institutional support provided by state to stimulate the real participation of stakeholders in the 
national, intermediate and local level. This conceptual scope could help communitarial 
organizations to improve their accountability, reach environmental, financial and social 
sustainability, and use technologies adapted to community capacities and needs. This vision has 
been named co-management, which means local community driven development - LCDD, with 
institutional support. 

State-of-the-art 
There is an important amount of documentary information of small drinking water supplies and 
sewage which also relates to communitarian management. The rewieved publications throughout  
this research, are impressive, because they show diversity and theoretical depth. Since Elinor 
Ostrom presented his work, the study of - auto-managed - organizations has aquired importance, 
like a main actor, and this is more relevant in developing countries where they are improving 
their quality of life. 
 
The World Bank, and several nongovernmental organizations have become interested in the 
phenomenon of the communitarian management of water, and its economic, environmental, 
social and cultural aspects. Similarly the CEPAL has sponsored important studies about local 
drinking water supply and sewage solutions in Latin America (Doroujeanni, 1988 – Jouralev, 
2004 – Carrasco, 2011). 
 
The diagnosis background and subsequent formulation of public policies in Bolivia, are of 
mandatory reference in the Andean region at have been clearly exhibited by Quiroz (2006). 
Here, the communitarian management as an alternative for water auto – supply, with an acquired 
legal route and a management model was recently published. (FPS, 2009) 
 
In Colombia, several descriptive an exploratory studies have developed the communitarian water 
management from different perspectives (anthropological, economic, organizational, historical), 
and these reviews provide remarkable elements for the characterization of the small drinking 
water supplies. Without trying to be exhaustive, it is worth to emphasize the work of Mario 
Pérez, 2001,  Ana Quintana, 2005 -2008, Ernesto Guhl, 2008, Nora Cadavid, 2008, Maya et al, 
2010. Nevertheless, that works do not approach the phenomenon of communitarian management 
as a management problem. In consequence, this research tries to propose a model to understand 
the details of this type of management. 



11th World Wide Workshop for Young Environmental Scientists WWW-YES-2011  
Urban waters: resource or risks? Arcueil, France (5 - 10 June 2011) 

15 / 141 

MATERIAL & METHODS 
This research is based on two sources: the review of published management models, and the 
participant observation of real cases between 2006 to 2010, with the Superintendencia de 
Servicios Públicos Domiciliarios –SSPD - Grupo de Pequeños Prestadores (Surveillance 
Institution for Public Services in Colombia – Small Operators Group) 
 
By this time, the research is in first stage. Next table follows the expected future outcomes. 

TABLE 1: Stages and research advances 
 

Research Stage Research advance  
  

First stage 

State-of-the-art, small water supply 
characterization, initial model used to the 
exogenous and endogenous variables of 
communitarian water management. 
 

 

Second stage 
The variables will be detailed, formulating 
the indicators for each. 
 

 

Third stage 

Apply a survey or check list with  three / five 
previously selected cases, with the 
purposed of validating the formulated 
variables 
 

 

Fourth stage 

The variables will be included in a dynamic 
modeling software (f. ex. STELLA has been 
used successfully to describe complex 
environmental and social problems)    

 

 

Fig. 1.  STELLA used to modeling natural resources management. 
 

 
Source: Modeling Building & Simulation Tutorials, In: www.iseesystems.com  

http://www.iseesystems.com/
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RESULTS AND DISCUSSION 

Models 
During the first stage of the research, after the review of multiple management models applied to 
environmental problems, some essential elements have been identified to describe the 
phenomenon. As a result, a model is proposed to identify the endogenous and exogenous 
variables, determinants of drinking and sewage water in communitarian managed water supplies. 
 

Fig 2. Communitarian management model for drinking water and sewage. 
 

 
 

Small water supply characterization 
Institutional  
Regulation: In Colombia, there is no law to regulate small water supplies. All operators must 
obey the law 142 of 1994, that is a regulation developed for big or medium size urban water 
supplies. The institutional invisibility of small systems has been caused by the lack of specialized 
regulation, accurate to rural and peri-urban life. At present, communitarial managed water 
supplies depend on private initiative, and they do not receive significant state support. 
 
In 2011, The Ministry of Environment, Household and Territorial Development – Ministerio de 
Ambiente, Vivienda y Desarrollo Territorial – MAVDT -, began he process to formulate public 
policies for drinking water and sewage in rural areas, in order to develop the legal framework for 
small scale local operators in rural areas. The accurate and oportune treatment of conflicts is 
urgently required to recover the local water governance. The most remarkable conflicts are: i. 
degradation of water quality for inadequate use of pesticides, agro –industrial activities or 
minning. ii) minimal recognition of traditional customary practices of water management from 
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rural, indigenous, afro-descendent or other ethnical communities. iii) difficulties to recognize 
some real rights of way, and/or iv) the absence of clear rules about ownership  on the assets and 
the formal schemes of communitarian organization. 
 
Surveillance and control : The avaliable information is based on a software application - an 
unified information system called SUI - and the data is fed on line. At the same timen the 
autorities follow and solve the complaints and claims presented by users. Nevertheless, rural 
operators do not have the capacities to collect and report data, in consequence, it is impossible to 
maintain updated and reliable information about rural areas. The public agency for surveillance 
and control of the household public services – SSPD, has developed special strategies to support 
small scale local operators. 
 
Local context 
Traditional customary practices of water management : The cultural pluralism of Colombia 
constitutes a challenge for the formulation of national policies and general models. Usually, the 
authorities impose water and sewage solutions but they do not consider the local particularitities 
of the rural life, nor the social structure of the beneficiaries. It is necessary that the systems and 
their management begin with participating process in their communities, including women and 
young people in the processes, to assure their social sustainability. 
 
Environmental sustainability: Some initiatives of protection of river basins are taking place in 
Colombia. These projects have been financed with public and private resources, but is necessary 
to develop and spread mechanisms to grant the preservation of environmental balance. The last 
rainy season , December 2010, left 2.200.000 people homeless, demonstrating that small water 
supplies are not ready to face the damage caused by the climatic change. Usually waters served 
in rural areas are not treated, which calls for urgent action to mitigate the environmental impact 
on rural life. 
 
Operation 
Investment: During the last decade, the state was not interested in supporting rural water or 
sewage solutions. In peri-urban areas, the coverage was increased through regular operators, 
absorbing the communitarial organizations traditionally located in these areas. The actual 
investment scheme, named departmental water plans – PDA -, is focused on increase coverage to 
small towns, with preference in urban areas. With the development plan for Colombia – Plan 
Nacional de Desarrollo2011-2014, right now in discusion : These laws are greatly desired to 
promote investment on rural household.  
 
Technology: In Colombia, it is usual to consider only tecnical criteria for the design, construction 
and maintenance of water and sewage systems, without considering community needs and 
preferences. The facilities given to the communities are frecuently abandoned soon after, 
because the technology involved is not adequate to the people´s payment and manteinance 
capacities; some civil constructions and equipments are imposed, against the traditions of 
ethnical communities (for example,  there are systems of disinfection with application of 
chlorine, designed for indigenous communities, where the chlorine consumption is not accepted 
culturally). Additionaly,  some rural people do not have tap water, and have to pay high bills to 
buy botted or pumped water, because the use of alternative drinking water solutions have not 
been expanded. 
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There are water supplies with no clarification and/or disinfection, and with deficient treatment 
too. The great distances in the rural territory limit the availability of laboratories or procedures 
that guarantee a suitable control and following for water quality provided. 
  
Management: The deficient organization and qualification of small scale operators and their 
minimum technical and administrative capacities to develop an efficient management to offer 
sustainable services, are related to the informality of communitarial organizations. In order to 
guarantee the local operative sustainability, the state should implement strategies to support and 
provide technical attendance to operations and management under regional schemes, thus 
generating some scale economies. 
 
Governance 
Associative Estrategy: In Colombia there some groups of water suppliers, (f. ex. -AQUACOL, 
FACORIS, ACUA) – which indicate that  local small scale operators are interested in enforcing 
the intermediate level, but they are not formally identified, since it depends exclusively on 
private iniciative. These second level associations can significantly contribute to improve the 
management of their associates, and they can generate scale economies for activities that can be 
managed collectively, and with greater success. On the other hand, these associations could 
become the scenario to promote water supplies within a same river basin, working together, to 
improve local governance and to mitigate the impact on the ecosystems. 
 
Formal recognition : The majority of communitarian water and sewage systems are usually 
operated under informal organization schemes. They have difficulties to collect and keep 
documents and data, to celebrate formal contracts or to assume the defense of their rights by 
themselves. The state does not help them to structure their communitarial solutions, and to 
formalize their legal requirements are difficult and expensive.  

CONCLUSIONS 
This is an excellent opportunity to research management focused on small water supplies in 
Colombia, because state agencies are considering national policies for supplying water in rural 
and peri-urban areas. This research could provide new elements of discussion on future policies, 
and contribute to reach a better local development based on access to drinking water and sewage 
for low-income people. 
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Abstract 
Urban water management is a challenge for developing countries because population 
increase is not accompanied by sanitation improvement. We assessed the feasibility study 
of an in situ flotation pilot system (10m3/s) in a polluted river in São Paulo (the treated 
water was pumped to a multipurpose reservoir). We quantified 148 water variables 
(>200,000 analyses) in 11 sites (Aug/07-Mar/10). The study was favored by the high 
treated flow and laboratory data availability, but operational interruptions for 
maintenance occurred. Quantitatively speaking, the water pumped to the reservoir 
supported energy generation and human supply. However, the water quality was affected 
by the affluent treated water. Our project is an interesting approach because: in situ 
technologies are adequate for areas with no space for ex situ treatment facilities; the 
integrated concept attempts to explore urban waters as resources for human activities; 
further research may find alternatives to solve the detected inefficiencies. 

Keywords 
Developing countries; management; in situ treatment; urban areas; water quality. 

INTRODUCTION 
Urban water management is a challenge task worldwide and especially in developing countries, 
which are normally characterized by rapid population increase and sudden shifts in land use, lack 
of sanitation infrastructure facilities and inadequate disposal of wastewater. Monitoring, 
management, remediation and revitalization of urban waters are necessary as the impacts over 
the quantitative and qualitative aspects of the aquatic systems and the conflicts among water 
users are more likely to occur in such areas (MISERENDINO et al. 2008, VERMONDEN et al. 
2009, MISRA 2011). The sustainable development of urban territories thus requires a 
multidisciplinary approach to explore the urban systems as resources for the anthropogenic 
activities and needs (i.e. drinking supply, energy generation, irrigation, recreation) and to 
minimize the risks to the human health and the ecosystems balance. 
 
The selection of water treatment methods must be associated with the specific characteristics of 
the target area (RIVETT et al., 2002), considering factors related to space and technology 
availability, waste management, energy demand and eventual conflicts among land owners, 

mailto:davig@sc.usp.br
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water users and the government sector. Taking into account that the Metropolitan Region of São 
Paulo (Brazil) has about 20 million inhabitants and high population density, in situ water 
treatment alternatives seemed to be convenient due to the lack of available areas to install off site 
facilities (CUNHA et al., 2010). Dissolved Air Flotation (DAF) is a widespread technology for 
water and wastewater treatment (RUBIO et al., 2002) with many specific applications (e.g. 
treatment of high heavy metals waters and emulsified oil wastes – ZOUBOLIS et al., 2000). The 
impurities are moved to the upper layers of the water column by tinny air bubbles, with posterior 
sludge removal. Coagulation (e.g. with ferric chloride or aluminium sulphate) and flocculation 
are required precedent steps and the overall efficiency of the flotation system depends upon the 
optimization of such processes (YAN et al., 2008).  
 
We aimed to assess the feasibility of the in situ flotation treatment (pilot scale system: 10 m3/s) 
of the Pinheiros River, a polluted urban aquatic system located in São Paulo (Brazil), and 
posterior pumping of the treated water to the Billings Reservoir, a contiguous multipurpose 
water body. This is a novel approach because: i) to our knowledge, there is no similar system in 
the world (considering the average treated flow and the integrated concept of the prototype 
itself); ii) the pumping of the river treated water to the reservoir aimed to enhance the multiple 
water uses in the latter aquatic system, like energy generation and drinking supply. We 
conducted a comprehensive monitoring program during 32 months to evaluate the efficiency of 
the flotation treatment and to analyze eventual impacts over the reservoir water quality in 
relation to nutrients, organic compounds, metals and pathogens. 

MATERIAL & METHODS 

Study area 
Billings and Guarapiranga Reservoirs are important water sources for the human activities in the 
Metropolitan Region of São Paulo, Southeastern Brazil (Figure 1). Billings Reservoir was built 
in 1927 and covers an area of approximately 127 km2, with the following geographic 
coordinates: 23º 47’ S e 46º e 40’ W. The main water uses in Billings are drinking (around 1.8 
million citizens are supplied) and energy generation (Henry Borden Power Plant; 880 MW is the 
installed capacity). Accelerated artificial eutrophication and water quality degradation has been 
described in the recent years, with increasing densities of potentially toxic Cyanobacteria like 
Microcystis aeruginosa (MOSCHINI-CARLOS et al. 2009). 

In situ flotation 
We assessed a pilot-scale in situ flotation system treating the Pinheiros River water (10 m3/s; the 
final project would treat 50 m3/s). The process occurred on the river channel itself through two 
flotation stations separated by 4 km (Zavuvuz and Pedreira, Figures 1 and 2). Ferric chloride was 
used as the coagulant (dosages varied between 50 and 400 mg/L; the rapid mixing time was 
about 30 s) and the flocculation step (slow mixing time ~ 0.5 h) preceded the flotation (whose 
recycle flow was about 8-10% of the affluent flow). The air bubbles on upward movement joined 
the colloidal particles of impurities, carrying them to the surface (as sludge). Rotating blades 
were used for dredging this material accumulated in the upper layers of the water column. A 
controlled landfill was the sludge final destination. 
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Figure 1: São Paulo State (Southeastern Brazil) and a scheme with Pinheiros River, Guarapiranga Reservoir 
and Billings Reservoir, including the approximate location of the monitoring sites 

 

Figure 2: Scheme of the flotation stations in Pinheiros River (Zavuvuz and Pedreira), including the 
approximate location of the monitoring sites upstream (S1 and S3) and downstream (S2 and S4). Adapted 
from CUNHA et al. (2010) 
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Monitoring 
We selected 11 monitoring sites (Figures 1 and 2) to evaluate the studied concept of urban water 
management (one in Tietê River: TIE – the tributary of Pinheiros River; four in Pinheiros River: 
S1, S2, S3 and S4 – upstream and downstream the flotation stations; six in Billings Reservoir: 
B1, B2, B3, B4, B5 and B6 – covering the riverine, transitional and lacustrine regions). 
Altogether, 148 water variables were quantified from August 2007 to March 2010 with different 
frequencies (e.g. daily, weekly or monthly), following APHA (2005) methods. All the analyzed 
variables are important in relation to sanitary, environmental and health aspects, including metals 
(aluminium, cadmium, copper, iron, lead), biological indicators (biochemical oxygen demand, 
thermotolerant coliforms, Cryptosporidium sp.,  Giardia sp.), nutrients (total phosphorus and 
nitrogen, nitrate, nitrogen-ammonia), organic compounds (aldrin+dieldrin, 1.2-
diphenylhydrazine, 2.4.6-trichlorophenol, endosulfan, endrin, 4.4-DDD, fluoranthene) and other 
physical and chemical variables (apparent color, conductivity, dissolved oxygen, total suspended 
solids, turbidity). The full list of all the quantified variables may be found at the website of the 
São Paulo State Attorney (MP-SP): <http://www.mp.sp.gov.br/portal/page/portal/Billings>. 

RESULTS AND DISCUSSION 
The in situ flotation system seemed to be a convenient approach for the Metropolitan Region of 
São Paulo. Considering aspects like lack of space to build off site structures, technology 
availability and incentive from the public authorities to the remediation of local polluted urban 
rivers, the prototype we tested was considered feasible. However, several constraints related to 
the low/insufficient efficiency for the removal of some variables (and the potential impacts to the 
Billings Reservoir), operational procedures and high chemical products consumption, sludge and 
solid waste production must be carefully examined. The approach itself represented an 
opportunity for recovering the water quality of a severely polluted river in São Paulo, but some 
inefficiencies we detected must be solved not to offer risks to the public health and to the 
multiple uses of the Billings Reservoir water. 
 
Considering space restrictions, we present the results for some water variables and sampling 
sites. Data for all the parameters may be found at 
<http://www.mp.sp.gov.br/portal/page/portal/Billings>. The system efficiency for total 
phosphorus removal (90%) and dissolved oxygen increment (63%) in Pinheiros River water was 
relatively high. Some authors assessing the efficiency of other in situ flotation systems in Brazil, 
although quite smaller, reported higher removal efficiencies for total suspended solids (94%, 
treated flow: 0.15 m3/s, OLIVEIRA et al. 2000), biochemical oxygen demand (98%) and fecal 
coliforms (99.99%, treated flow: 0.05 m3/s, LOPES et al. 1999). Our removal efficiency for total 
suspended solids was 40%, lower than the percentage we were expecting. The high treated flow 
(10 m3/s) generates a more difficult condition to control the system. Moreover, the sludge 
removal was impaired due to the magnitude of flow and flux velocity, what certainly contributed 
for a worse final water quality. 
 
Nitrogen-ammonia reduction percentage was almost zero (2%). By analyzing the average 
concentrations of some of the assessed variables in the Billings Reservoir (from B1 to B6), the 
impact over the water quality could be visualized. There was a trend of water quality 
improvement from B1 to B6 (B1 was submitted to the influence of the Pinheiros River treated 
water). Average concentrations of dissolved oxygen, for example, increased from 4.4 mg/L (B1) 
to 7.0 mg/L (B6) and the nitrogen-ammonia concentrations decreased from 6.4 mg/L (B1) to 0.3 
mg/L (B6), what may be associated with the assimilation capacity of the aquatic system. Despite 
of the significant percentage efficiency for phosphorus removal, the remaining average 
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concentration was still high in B1 (0.11 mg/L), contributing for the eutrophication of the 
headwaters of the Billings Reservoir. 
 

TABLE 1: Overall removal or increment efficiency (%) achieved by the flotation system (S1 vs. S4) for some 
water variables in the sampling sites in the Pinheiros River and average concentrations in the Billings 
Reservoir (B1-B6) 

Variable Removal 
efficiency* B1 B2 B3 B4 B5 B6 

Dissolved oxygen 
(mg/L) 

63% 
(increment) 4.4 5.9 5.8 6.7 6.9 7.0 

Iron (soluble, mg/L) 31% 0.11 0.05 0.04 0.04 0.03 0.05 
Nitrogen-ammonia 
(mg/L) 2% 6.4 1.9 0.7 0.5 0.6 0.3 

Total phosphorus 
(mg/L) 90% 0.11 0.04 0.05 0.04 0.03 0.03 

Total suspended 
solids (mg/L) 40% 13 8 7 6 7 8 

* CUNHA et al. (2010) 
 
The iron concentrations in the water (0.11 mg/L in B1) suggested the impact of inappropriate 
operational procedures, like high consumption of chemicals during the coagulation step (ferric 
chloride). Therefore, we observed evidence of possible lack of criteria in the application of the 
coagulant, possibly as a result of the dosage changes, that were frequent in a process that was 
being tested. Although the tendency of iron is to form insoluble compounds and be immobilized 
in the sediment of the reservoir, it is advisable to review the dosages of coagulants to detect 
eventual hyper dosages. 
 
The mean energy consumption of the pilot-scale flotation system was 42,000 kWh/day and the 
dewatered sludge production was significant (around 150 m3/day considering both flotation 
stations), boosted by the high consumption of coagulants. After centrifugation, the solids content 
in the sludge increased from 1-2% to 20%. However, considering the high amount of sludge 
production and the final destination of the material (a controlled landfill close to São Paulo city), 
managing this solid waste is a key point for the system sustainability. 

CONCLUSIONS 
The most important advantages of the proposed methodology and the integrated system for 
recovering the water quality of the Pinheiros River (São Paulo, Brazil) were: 
 

i) The in situ approach seemed to be convenient for big cities like São Paulo due to the lack 
of available areas to build off site treatment structures. Moreover, since the treatment 
occurred on the river channel itself, there were smaller expenses with pumping 
structures; 
 

ii) Besides the technology availability, we observed the local government willing to 1) 
recover the water quality of the Pinheiros River, an environmental issue and 2) boost 
the energy generation in the Billings Reservoir, an economic factor; 
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iii) The pilot-scale system treated a relatively high flow (10 m3/s) and the frequency of the 
laboratory analyses produced a significant number of monitoring data (over 200,000 
results on water quality) during the 32 months the system was operating; 
 

iv) Quantitatively speaking, the flow transferred to the Billings Reservoir after the flotation 
treatment (~10 m3/s) favoured the multiple water uses in the reservoir (i.e. the 
additional flow was important for increasing energy generation and drinking water 
production); 

 
v) The in situ flotation system reached satisfactory percentage removal of total phosphorus 

(90%) from the water, contributing to the decrease of phosphorus loads to the Billings 
Reservoir. The flotation stations also increased the dissolved oxygen concentrations 
in the water, although the increment levels were below the expected ones; 

 
On the other hand, we could also detect some disadvantages and limitations of our system, 
including: 
 

i) Interruptions occurred during the 32 months of the system operation for technical repairs 
and maintenance. Parameters like coagulant dosage and slow and rapid mixing 
gradients need adjustments to increase the overall flotation efficiency. We observed 
high soluble iron concentrations in the treated water, what was associated with no 
optimum ferric chloride dosages during the coagulation process; 
 

ii) There were some difficulties regarding operation and maintenance of the prototype 
considering the influence of many external factors over an “opened” system – rainfall 
and other weather attributes, natural and anthropogenic-induced water quality 
temporal and spatial variability of the river; 
 

iii) The treatment facility was not able to remove nitrogen-ammonia from the Pinheiros River 
water. High concentrations of this nutrient were observed in the riverine zone of the 
Billings Reservoir (B1), what could have implications for the eutrophication of the 
aquatic system. There is a need to find alternative/complementary units to control the 
nitrogen-ammonia concentrations in the water that is pumped to Billings, including 
biological processes; 

 
iv)  Electrolytic flotation (which does not require the use of coagulants) or membranes are 

technologies that should also be tested as alternatives to overcome the limitations of 
the in situ flotation system; 

 
v)  The sludge removal unit must be improved. The inefficiency of this process affected the 

final water quality (i.e. by increasing the total suspended solids concentrations and 
decreasing the overall rates of pollutants removal from the water). Also, one of our 
biggest concerns was the final destination of all the dewatered sludge (with 20% of 
solids) that was produced everyday (about 150,000 L). During the 32 months we ran 
the system, the sludge was sent to a controlled landfill. However, this mechanism can 
become costly over time. It is necessary to improve the sludge dewatering processes 
and to look for alternative solutions for the material disposal; 

 
vi) The treated water effects over the Billings Reservoir water quality were negative. The 

monitoring program revealed that the headwaters (B1 and B2) of the reservoir were 
affected by the effluent of the flotation system. The monitoring results also suggested 
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the assimilation capacity of the water body, with progressive water quality increase 
down the reservoir. Further studies and data analyses are necessary to assess the 
temporal and spatial magnitude of the real impacts over Billings Reservoir and to 
estimate these impacts considering that the final project would treat 50 m3/s. 

 
In summary, the in situ flotation system may be considered an opportunity for recovering the 
Pinheiros River water quality and favouring the multiple water uses in the Billings Reservoir 
because 1) the in situ approach is convenient for a megalopolis like São Paulo, 2) technology is 
available and 3) the government incentives may be used as a source of money and as a way to 
involve local people in the decision-making process. Nonetheless, we detected many 
inefficiencies and gaps that must be overcome. At the present stage, we believe the system may 
offer risks to the Billings Reservoir, including water quality degradation and its interface with 
public health issues. In addition, the high amount of sludge has to be managed with emphasis on 
volume reduction and some alternative final destination. Cleaning up the river water should not 
mean transferring the problem to somewhere else (as solid waste). Urban waters in developing 
countries are such a challenging issue and our project seems to be an important contribution for 
the water resources management in such areas, focusing on integrative approach, technology 
application, environmental quality and sustainability in the long-term. 
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Abstract 
One of the main debates regarding urban water in the last years concerns the privatization 
of water and sewage services. The critique of the privatization of the services is usually 
associated with the critique of the commodification of the good. This paper makes a 
conceptual distinction between both processes, reflecting on the case of the city of Porto 
Alegre, Brazil. The research utilized the case study method, using basically secondary 
data. The institution that provides the services in this city is being considered a model of 
a public service by many authors. However, the historical analysis of the structuring of 
the water supply in Porto Alegre shows that there is a process of commodification of 
water even if the institution remains as a public service. 

Keywords 
Privatization; public services; common goods; social struggle; North/South 

INTRODUCTION 
Since at least 1977, when the United Nations organized the ‘United Nations Water Conference’ 
in Mar del Plata, Argentina, water has become one of the main issues in the international 
political agenda. In this context, the water basin participatory model created in France during the 
twentieth century became the panacea for the problems of scarcity and pollution faced by a 
world progressively more industrialized, with constantly growing cities. 

The degradation of water and its consequent bad quality resulted in a discourse, formalized at the 
International Conference on Water and the Environment in Dublin, Ireland, in 1992, which states 
that water has an economic value. These principles were known as the Dublin Principles and 
began to guide the formulation of policies, becoming a conditionality of loans given by 
multilateral institutions like the World Bank and the Inter-American Development Bank. The 
principle of the water as an economic good authorized these multilateral institutions to argue in 
favor of privatization of inefficient public companies worldwide, but specially in the poorest 
countries (PETRELLA, 2002). Since then, in the neoliberal context which characterized the 
nineties, many countries, states and cities privatized their water services. 

The resistance to the neoliberal agenda was successful in many countries. Different types of civil 
mobilizations emerged in many countries. In Latin America, services conceded to foreign private 
companies returned to the responsibility of the State as a consequence of social struggles, 
protests, plebiscites and many other forms of social participation. The civil war in Cochabamba, 
Bolivia, knowned as the ‘Water war’, became a symbol of another discourse that emerged in 
these resistance actions, the discourse of the water as a common good, instead of economic. In 
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this discourse, water services are the responsibility of public institutions, and cannot be 
privatized. 

For its unquestionable importance, these facts are being analyzed by activists, researchers and 
scholars organized in social movements, NGOs, research groups, among others. However, two 
shortcomings have been noted in these analyses. First: the debate remains superficial when it 
focus only on the failures that result from the privatization of water and fails to consider deepest 
mechanism of the capitalist system that are on the origin of the privatizing process. (SANTOS, 
2006, OLIVEIRA and LEWIS, 2004). Second is the attempt to find solutions to these problems 
through discursive struggles, awareness and diplomacy, advocating the promotion of policies and 
social contracts in the circuits of international power to ensure water as a human right. In other 
words, these authors/activists seek the solution by promoting more humanist social policies 
(BARLOW, 2009; PETRELLA, 2002). However, history has proved that these attempts are 
consistently failing: the initiatives of the meeting in Mar del Plata in 1977, the goals established 
in Rio de Janeiro in 1992, as well as in the Johannesburg Conference are systematically failing. 
The 'Millennium Goals' are moving on the same way. 

Other areas of study focus the institutional mechanisms of neoliberal hegemony synthesized in 
the Dublin Principles, arguing that it is an environmentally sustainable and economically 
necessary approach. Those reviews, by staying in the same frame of reference used in the 
formulation of the Principles of Dublin - economic and institutional approaches - do not allow a 
critical and reflexive overview of the contradictory aspects of these policies. 

The approach of Swyngedouw, Kaïka and Castro (2003, p. 134) capture the contradictory 
aspects of the water provision as a wider social phenomena. The authors defend a more 
comprehensive and integrated approach in which supply of water is integrated with health and 
sanitation policy, ecological considerations, socio-economic processes, and urban planning and 
governance systems. The increasing fragmentation of policy domains (partly as a result of 
commodification and privatization) makes this objective more remote than ever. 

In this sense, the authors make an important distinction that, in our view, needs to be developed 
from an empirical and theoretical point of view, specially when we consider the fragmentation of 
the develoment of the ‘water as a common good’ discourse as part of what the authors named the 
fragmentation of policy domains. This distinction is stated by the authors as follows. “While 
commodification, in one hand, referes to turning water from a public good into a marketable 
commodity subject to principles governing a market economy (regardless of nature of the 
ownership of both water and the water companies), privatization referes to changing ownership 
of water infrastructure and/or to the private management of water services. (SWYNGEDOUW et 
al., 2003, p. 129).” 

This paper developes this argument, reflecting on the case of the city of Porto Alegre, southern 
Brazil. Porto Alegre is internationally knowned as the city of the World Social Forum. The 
people of the state of Rio Grande do Sul, of which Porto Alegre is the capital, are characterized 
by their political consciousness, cultural identities and valorization of its own history, land and 
natural resources. Specifically regarding water services, the municipal institution called 
Departamento Municipal de Água e Esgoto (DMAE) has been historically another motif of 
proud to the inhabitants of Porto Alegre. 

Since its foundation in 1963 until now, DMAE has alway been a public institution. Their 
technical procedures are national reference and the tap water in Porto Alegre is safe, despite all 
problems of pollution and cyanobacterium in the Guaiba Lake, the main source of water of the 
city. 
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During the neoliberal context of the nineties, many analysts and authors recognized DMAE as 
model of public service and a symbol in the social struggle against the privatization. The analysis 
that follows attempts to relativize these assertions, having the distinction made by Swyngedouw, 
Kaïka and Castro (2003) as a background. The main argument to be developed is that the 
structuring of the water supply in Porto Alegre, considering the loans of multilateral institutions 
from the North, shows that there is a process of commodification of water even if the institution 
remains as a public property. In other words, we try to argue in favor of a more accurate analysis 
when critique is made on modes of appropriation of water. Privatization and commodification 
are not the same process, but both processes are part of the same system. Thus, in order to 
critique the system, it is necessary to understand exactly when and where privatization occurs; 
and when and where commodification takes place. 

We propose contribute to develop the concept of the water as a common good. This concept 
lacks theoretical development and for this reason, it is oftenly confused and conceived as the 
same discourse of the ‘water as an economic good’, as for example in the approach of Barraqué 
(1995). For him, the French model has succeeded in overcoming the contradiction between 
public and private ownership by creating a new form of management based on the principle of 
use. Thus, the model brings a paradigm shift, because it attenuates the importance of the 
paradigm public/private and questions the traditional roles of the market economy through 
cooperation between supply and demand. 

Thus, to move forward in the development of a conception of the water as a common good 
capable of overcoming its contradictions with the conception of water as an economic good, as 
stated in the Dublin Principles approach, it is necessary to develop theoretical references that 
considers water in all its aspects. Those range from the economic to the social, from the 
environmental to the politcal. In addition, these aspects cannot be treated separately one from 
another and from the most deep social structures of the capitalist system and its dynamics of 
appropriation. According to Swyngedouw (2005, p. 81), tactics of “accumulation by 
dispossession” have become pivotal strategies in contemporary global accumulation dynamics 
[...] in the context of the recent waves of privatization and de-collectivization of water – in 
particular, urban water – resources around the world. 

The ‘accumulation by dispossession’ is a process explained by David Harvey, by which capital 
also expands by incorporating resources, peoples, activities, and lands that hitherto were 
managed, organized and produced under social relations other than capitalist ones 
(SWYNGEDOUW, 2005, p. 82). In this sense, this author affirms that ‘we shall consider the 
radically contested and contestable nature of such strategies of dispossession’, task that this 
paper aims to do. 

MATERIAL & METHODS 
The distinction between commodification and privatization can also be regarded as a 
contradiction between those processes. An understanding of the world contradictory structures 
and relationships can only be made by a consciousness that interprets the data of experience in 
their contradictory manifestations: "one must admit that contradictions have a foundation in the 
things themselves and that these are the starting point "(LEFEBVRE, 2009, p. 28). 

If there are ‘pros and con’, ‘yes and no’, it is because the realities have not only multiple aspects, 
but changeable and contradictory facets. Thus, human thought, which fails to capture at once the 
real things, is forced to grope and walk through their own difficulties and contradictions until the 
shifting realities, unstable and real contradictions. (LEFEBVRE, 2009, p. 28) 
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Following the recommendations of Lefebvre (2009), this paper adopts a theoretical framework 
and a methodological approach that seeks to capture the contradictory nature of the social world. 

To operationalize this, we utilized a case study method, more specifically, an illustrative case. 
According to Siggelkow (2007), the illustrative case allows to make a conceptual contribution, 
using the empirical case as an illustration. A work with a case as an illustration must present the 
case after the theory and thus make analysis and comparisons with it. However, in this case, we 
present the case before the theory, in order to illustrate the case with theory, and not theory with 
the case.  

The study was conducted also as an ‘intrinsic case’, in the typology of Stake (2005). An intrinsic 
case seeks a better understanding of a particular case. "The study is not undertaken primarily 
because the case represents other cases or because it addresses a particular problem, rather, 
because the case itself is of interest, in all its particulars" (STAKE, 2005, p. 445). The intrinsic 
interest of this case is the fact already mentioned that Porto Alegre’s water service is considered 
a model of public service and a symbol in the struggle against privatization, and the 
contradictory fact that the structuration of water services in this city can be regarded as process 
of commoditization of water. 

The data that underpin the arguments were obtained in secondary databases, divided in scientific 
publications (books and journal papers), articles in newspapers and magazines and institutional 
documents and other information available on the Internet. The primary data analyzed are 
official documents dating back to the historical moment of the creation of the DMAE, as the 
minutes and drafts of laws. 

RESULTS AND DISCUSSION 
The public water supply in Porto Alegre, from its earliest settlements in the mid-seventeenth 
century, had characteristics that coexisted at different times: the withdrawal of water directly 
from Guaíba Lake by the population; the construction of public sources that carried water from 
the Guaíba to the village; the creation of two private companies, which sold water directly using 
fountains; the activity of pipeiros, selling water door to door; and the construction of the 
Moinhos de Vento Plant in 1927. This station treated and stored water and distributed it to the 
city districts. 

To build this plant, it was necessary US$ 3.5 million at the time. The amount was loaned in 1928 
by the U.S. Londeburg Thelmann & Co., bearing interest at 7.5% per year and payment period of 
40 years. Franco (1998) identifies that moment as a revolution in the quality of water supplied to 
Porto Alegre. The new station allowed to supply important neighborhoods where lived the city’s 
elite, which were previously only supplied with wells. At that time, hydrometers were first used 
and the users would be charged for excess of water consumed. 

During the 40’s and 50’s, the city experienced a period of accelerated growth. However, the 
expansion of the water supply systems did not keep up with the growth of the city, its stations 
were working at full capacity and even with overload, damaging the equipment. In 1958, the 
shortcomings were evident. 

In this context, and given the need to expand and qualify the services of water supply in the city, 
a working group composed by the Municipal Executive developed a project to transform the 
municipal authority into an autarchy and, at the same time, negotiate a loan with the 
Interamerican Development Bank (IDB). The documents of that time make clear that the 
autarchy was a conditionality to access the loan. 
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On December 15, 1961, the Act creating the autarchy was approved. The Departamento 
Municipal de Água e Esgoto (DMAE) was created. Negotiations with the IDB extended for 
another two years until the deal was closed. The IDB loan to the Municipality of Porto Alegre 
was approved on December 1963 and established the conditions that DMAE should follow to get 
the loan. Among these conditions, we highlight the following: 

• take the necessary measures so that the rates of water and sanitation services financed 
with the loan proceeds would produce enough revenue to cover at least the costs of 
operating and maintaining these systems; 

• in a period of twelve months, should have been in place all steps to establish an adequate 
system of administration and accounting; 

• install hydrometers so that by 1967, 80% of water was to be measured; 

• hire a high-level consultancy for the preparation of a reorganization plan in Porto Alegre, 
this advice should be approved by the IDB (BANCO INTERAMERICANO PARA EL 
DESAROLLO, 1963). 

According to Costa (1981, p.73), three measures adopted in the two years subsequent to 
obtaining resources from the IDB symbolize the new era of supply in Porto Alegre. 

The change in the charging method: it was first released as a tax on the assessed value of each 
property and now transformed in a charge proportional to the consumption (...); the cadastral 
survey of all consumers in the city, made in 1966 (...); and a Sewage Master Plan for Porto 
Alegre, in the same year. 

The loan from the IDB was in line with the former creation of an autarchy, which further 
enhanced the control systems of water supply and management systems of the body, as 
conditions of the loan. As an autarchy, DMAE gained autonomy of operation, collection and 
investment. The institution has benefited from this condition and the fact that it serves the main 
urban agglomeration of the state of Rio Grande do Sul. According to the mechanism of cross-
subsidy, receipts in places where there is urban concentration - and therefore more profitable - 
must be applied in places where there is little concentration, as rural areas - where the cost of 
bringing water is higher. In the case of DMAE, this does not happen, for almost all its operating 
area is urban. Therefore, their service is more profitable than, for example, the Companhia 
Riograndense de Abastecimento (CORSAN), which serves almost all the countryside of Rio 
Grande do Sul state. 

When the first loans were contracted to re-design water services in Porto Alegre, first in 1928 
and then in 1963, many measures were taken in order to generate revenue in the future. Water 
and its supply started to have, besides a utility function required by a booming city, an exchange 
function, by which water would be transformed into a mean of payment of loans. Besides the 
use-value, water started to also have an exchange-value. The use-values are the qualitative 
aspects of something, that make it useful for some purpose. "Use values become a reality only by 
use or consumption: they also constitute the substance of all wealth, whatever may be the social 
form of that wealth" (MARX, 1999, p. 1). 

Besides the use-value, Marx examines the goods as exchange-values. Unlike the use-value which 
only appears in the exchange between different use-values, which varies depending on the use-
value being exchanged, the place where the exchange takes place, time, needs etc. 

Exchange value, at first sight, presents itself as a quantitative relation, as the proportion in which 
values in use of one sort are exchanged for those of another sort, a relation constantly changing 
with time and place. Hence exchange value appears to be something accidental and purely 
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relative, and consequently an intrinsic value, i.e., an exchange value that is inseparably 
connected with, inherent in commodities, seems a contradiction in terms (MARX, 1993, p. 1). 

Thus, water as exchange-value can only exist when its use-value is exchanged for another use-
value (which could be any other good, through the intermediation of money or not). This is 
where the water takes the form of a commodity. "Whoever directly satisfies his wants with the 
product of his own labour, creates, indeed, use values, but not commodities. In order to produce 
the latter, he must not only produce use values, but use values for others, social use values" 
(MARX, 1993, p. 1). What makes something a commodity is the concretization of their ability to 
be exchanged for other goods.  

This reflection allows us to interpret the history of public supply in Porto Alegre as a process of 
transforming water into a commodity. When local public agencies have taken loans and 
restructured its operations in order to obtain enough revenue to repay the loan, the water 
appeared not only as use-value - to those who receive water at home and make different uses of 
it -, but also as exchange-value - when the water is exchanged for money, which in turn will be 
replaced by capital and the interest in advance. The loan payment is made, in essence, with 
water: the money is only as a medium of exchange. 

CONCLUSIONS 
The wave of neoliberal policies and the privatization of water services in many countries of the 
South had originated, as a response, a wider social mobilization and the emergence of a new 
concept of water as a common good. As every social phenomena, this concept is not free of 
contradictions. In our view, the main contradiction to be overcome lies in the different ways in 
which water can be appropriated in current processes of accumulation by dispossession. In this 
sense, the case of water supply in Porto Alegre is very illustrative. The city has built a model of 
public water supply, and a symbol of the possibility of public services with quality and social 
control (MALTZ, 2007; VIERO, 2004), which somehow contributes to the struggle against the 
privatization of water services. At the same time, the very establishment of this public service 
was made through a process of commodification of water, which is a different way by which 
water can be appropriated. 

The critique of appropriation of water has to consider most deep social structures of capitalist 
modes of production, circulation and consumption. The establishment of water supply services in 
the South has been made, in many cases, with foreign capital looking for profitability, which is a 
way of increasing private capital produced elsewhere. Thus, it is by itself a way of appropriation 
of values generated through water resources. 
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Abstract 
Nowadays, the dikes and high walls constructions in the water shore are the solution to 
protect from flooding in urban areas. However, the rapid and dense urbanization also the 
climate change indicate the danger of this solution. The urban planning recent research 
proposes to preserve and to make urban space for water in order to contribute on flood 
risk management. By this concept, water could be considered as one of urban key 
components which trace over urban contemporary forms/patterns. Our research questions 
the relation or the interaction between the urban space and the flood risk. These analyses 
contribute to improve the actual prevention and management of flood risk in urban areas. 
We are especially interested in the spatial urban planning, considered as an item, as an 
arrangement also as a built organization, and its relation with flooding risk. We take the 
city of Taipei as our case study, and we plan to compare it with the other case studies of 
CORFU.  

Keywords 
Urban morphology; flood; climate change; non-structural solution; Taipei 

INTRODUCTION 
During recent years the natural catastrophes, especially flood-related, seem to be getting more 
and more frequent and destructive. Moreover, they are widely broadcast. The latest research 
demonstrates that these catastrophes are related to the buildings’ locations and to their built 
forms, especially in the cities, there are numerous constructions situated along the river or along 
the coastline, and sometimes both. This paper is based on triple findings as follows.  
 
Firstly, the urban population is keeping increasing since 19th century. According to United 
Nations Human Settlements Programme (UN-HABITAT, 2008), a half of world population lives 
in the cities. The total urban population is expected to double from 2 to 4 billion over the next 
30-35 years (United Nations, 2006). Further, the trend of rapid urban growth throughout the mi-
20th century in developed world has shifted to the transition and developing countries of Asia, 
Latin America and Africa with accelerated speed and enormous scale than ever. An unwanted 
side effect of this rapid urbanisation process is the increased susceptibility towards flooding by 
modifications of urban land use: the dense constructions of buildings and roads change the 
hydrological cycle in urban area. The construction of impervious surface in urban area may 
increase flood frequency and aggravate the severe damage of flash flood. According to G. Hollis 
(G.E. Hollis, 1998), over 50 percent of impervious surface in a drainage basin could increase the 
flood frequency: we observe that the frequency of severe flooding events occurs more often than 
the historical records. Also, the impervious surface of urbanisation supports the thunderstorm 
activity by retaining heat in land surface created urban heat island (UHI) effect (WHO, 2009).   
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Secondly, climate change may cause floods to occur more frequently and severely in urban area 
because of irregular events such as heavy precipitation, storm, storm surge and the rise of sea 
level (IPCC, 2008). The frequency of heavy precipitation would certainly increase because of 
climate change. 
Finally, in accordance with United Nations estimation, only 5 percent of new development afoot 
in the world’s expanding cities is planned (Gentleman, 2007). Those unplanned urban expansion, 
such as slum settlement or shanty town, are often formed in the vulnerable to flood-related 
disaster zones. Asian cities, especially the cities in southern Asian regions, are most vulnerable 
to flooding events cause by summer monsoon or typhoons. There are several metropolis of these 
regions, where more than 2 million dwellers with their slum population comprising 43 percent of 
the city population (Adikari and al., 2010).  
 
The urban crises (sanitary, economic, environmental crises, etc.) stimulated, in different period, 
the reflection on architectural and urban forms: theirs conception, theirs formation and theirs 
transformation (Choay, 1965; Cerda, 1979, Sitte, 1980). Facing the flood-related disaster, the 
question is which types of urban spatial structures could better meet the new environmental 
challenge of climate change from now on. Nowadays, the dikes and high walls constructions 
along the water shore are the solution to protect from flooding in urban areas. However, the rapid 
and dense urbanization also the climate change indicate the danger of this solution. The urban 
planning recent research proposes to preserve and to make urban space for water in order to 
contribute on flood risk management (MSW programme, 2004; “Room for the River”, 2006). By 
this concept, water could be considered as one of urban key components which trace over urban 
contemporary forms/patterns.  
 
Our research questions the relation or the interaction between the urban space and its hydrology, 
or more precisely speaking, between the architectural also urban forms and the flood risk. These 
analyses contribute to improve the actual prevention and management of flood risk in urban 
areas. We are especially interested in the urban space, considered as an item, as an arrangement 
(Lévy and al., 2003) also as a built organization (Eleb and al., 1989), and its relation with flood 
risk. We take Taipei city, capital of Taiwan, as a principal case study and it might be compared 
with another case study cities of CORFU research programme. 

MATERIAL & METHODS 

Brief history of Taipei city 
Taipei is the capital and the center city of the largest metropolitan of Taiwan. Situated at the 
northern tip of the island, Taipei is located on Dan-shui River, and around 25km to Pacific 
Ocean. Taipei city lies in the valley, relatively narrow, of the Kee-lung and Xin-dian rivers, 
which joint to form the Dan-shui River along the urban western border (Figure 1.). The central 
areas on the western side of the municipality are the low-lying terrain (about 5 to 10 m above the 
sea level); The slope upward to the south and east and especially to the north, where it reaches 
1,120 meters at Qi-xing Mount, the highest (extinct) volcano in Taiwan. Its dwellers started to 
settle in the junction of Dan-shui, Kee-lung and Xin-dian Rivers, port of Wan-hua (old name: 
Mankah), where became the commercial centre since 1723. In 1860, the northern port of Da-dao-
cheng became the commercial centre because of the displacement of the confluence of 3 rivers. 
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Figure 1: Location of Taipei city and its 12 districts 
source: Department of Urban Development, Taipei City Government 
 
Taipei was a distant port of Chinese continent during the Qing dynasty. After French military 
attack in 1882, Qing dynasty decided to build a fortification city between these 2 existing ports. 
The choice of city emplacement depends on the principles of Feng-Shui-Xue, as every Chinese 
city. After the annexation of Taiwan by Qing dynasty in 1885, Taipei took progressively its 
political and commercial important role in the island. In 1886, Qing dyasty made Taipei became 
the provincial capital. When the Japanese acquired Taiwan in 1895 after the First Sino-Japanese 
War, they retained Taipei as the capital of the island. During Japanese colonisation (1895-1945), 
the city was transformed by the principals of colonisation city: the destruction of Chinese city 
fortification and its urban structure, the installation of urban sanitation system without long-term 
perspective, etc. The city expands progressively towards east hill areas. 
 
Since 1949, the city was densified rapidly as arrival of Republic China government and it 
reached the first 1 million dwellers in the early 1960s. After 1967, the economic dynamism 
attracted the population towards northern island and Taipei became a city with 2 million dwellers 
in the mi-1970s. Until 1980, the city expanded towards east and north; a series of urban projects 
were launched. The urban transportation system was also elaborated, for example, the 
establishment the underground rail network, the construction of expressway and of the metro 
network. The city spread out over hills in the north and in the south, especially in the Nei-hu and 
Wen-shan districts. The population stopped to increase rapidly since mi-1990s but Taipei is still 
one of the highest density cities in the world. In 2010, the city composed by 2,62 million 
habitants in the surface around 272 km². The city is denser in the east of Dan-shui River because 
there is riskier for the flooding events in the west of the river because of the low-lying terrain 
(less than 2,3 metres above sea level).  

Flood concern and city’s protection 
The urban densification increases the proportion of urban impervious surfaces and it raises the 
flooding risk. The flooding risk is elevated because of the geographical condition: the city is 
situated a low-lying terrain with dense hydrological network (Figure 2.). Furthermore, Taipei has 
humid sub-tropical climate. The annual average temperature is around 23,2 °c; the annual 
average precipitation in plain area and in the mountain is around 3 000 mm and 4 500 mm. The 
precipitation might increase during the rainy and typhoon season, form May to October. 
According historical records, the typhoon could attack the island 3 or 4 times per year and could 
bright precipitation over 100 mm per hour.  In these circumstances, the concordance of different 
phenomena: the narrow river mouth, high tide and obstruction on the riverbed by sludge, 
aggravate the situation. 
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Figure 2: Location of rivers, the dikes and pomp stations  
source: Water Resources Agency, Ministry of Economic Affairs 
 
In accordance with geographical and climatic situation, also with dense and rapid urbanization, 
the Taipei city established a flood risk prevention and management program during 15 years 
(1982-1996) and it was divided into 3 phases: the construction of dikes and high walls, the 
erection of floodway channel and the Kee-lung river rectification (Figure 3.). Firstly, the 
construction of dikes and high walls along the Dan-shui river (high walls are around 13 meter 
high), along the Kee-ling and Xin-dan rivers and other streams (high walls are around 6 meter 
high). There are totally 109 141 meter of dikes built. Secondly, the creation of pluvial water 
evacuation system in case of heavy precipitation (78,5 mm/hr) and the installation of more than 
80 pomp stations in urban low-lying terrains try to protect against flooding. Afterwards, the 
construction of Er-chong floodway channel along Dan-shui and Da-han rivers measures 7,7 
meter length 450 meter width. This strip of land along the river could evacuate pluvial water; it 
is also composed by 83 sports grounds, several bicycle paths and leisure parks. Finally, the Kee-
lung river rectification between Nan-gan and Shi-lin districts shorten the river trail in order to 
reduce the flooding. This river rectification project also allows installing a new science business 
park and residential district with the surface of 238 hectare. However, during Nari typhoon 
passing in 2001, this solution caused the inundation in the upstream area, so the flooding risk 
was not really reduced.     
 

 

Figure 3: Kee-ling river rectification  
source: Department of Urban Development, Taipei City Government 
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Nari typhoon passing in 2001, during 49 hours, indicated certain points deserved to be studied 
facing on the heavy precipitation events. During this typhoon passing, whole island of Taiwan 
was attacked and several cities inundated. According to National Metrology Office, Taipei 
suffered from the heaviest precipitation, hit the record, during 24 hours in the recent one hundred 
years: 425 mm. In the whole island, the damage was evaluate about 40 billion NT dollars (0,95 
billion euros). In Taipei, the dikes collapses of Kee-lung river have caused the inundation in 16 
underground metro stations; the traffic service recovered 6 months later. Also, the roads of 
centre city were inundated and water poured into the buildings and basements. The city 
government was aware of the limit of those protections against flooding, and tried to establish an 
integrated flood risk prevention and management program since 2005.    
 
With its geographical and climatic conditions and its structure experiences against flooding, 
Taipei city is an interesting case study for our research focused on the evolution between urban 
form and its hydrology. Further, the dense and rapid urbanization in Taipei modifies the 
hydrological cycle in the urban area and it aggravates the flood risk.  

RESULTS AND DISCUSSION 
The geographers specialised in flood risk, for instance, Helga-Jane Scarwell and Richard Lagnier 
consider two flood risk factors endanger the urban areas (Scarwell and al., 2004). Firstly, the 
flood risk management concentrated merely on the protections against natural hazard for a long 
time. The occurrence of flood hazard and flood event depends on seasonal or interannual 
variations, and climate fluctuation; it also relies on the land use evolution in the catchment area. 
These two factors allow analysing finer the flood risk management. Afterward, the notion 
“vulnerability”, enlarges its small-scale dimension: property and human life, to encompass the 
whole ecosystem (Merlin and al., 1996). And, the vulnerability evaluates its material measure 
and also in immaterial.   
Thus, the vulnerability study issue is to make actual material damage inventory and to put the 
geohistorical analysis into perspective. By identification of flood risk favourable factors, the 
urban water management should be reorganized by taking into account its shortage and its 
excess, also its social and cultural aspects.  It is necessary, according to Helga-Jane Scarwelle 
and Richard Lagnier, to develop an integrated global approach about urban water problems and 
all environmental related matters. 
 
By mean of territorial planning measures, the urban water management related issues couldn’t be 
neglected. André Guillerme, hydrologic engineer and historian, shows that henceforth it is 
necessary to focus on both of logics: integrated urban water management and territorial planning 
for sustainable development (Guillerme, 1997). We question how could the former assumption 
influence the future territorial planning politics?    
 
Valérie November, geographer and specialist in urban spatial risk, proposes to think about the 
“urban risk” as a rational entity. It possesses its own consistency of the urban interactions, and it 
should be reckoned with territorial/urban planning and with the urban risk management. Certain 
approaches define the risks by spatial dimension: drawing flood-prone area maps, pointing out 
the polluted zones or indicating insecure buildings. However, it seems that the spatial risk is 
more complicated. By Valérie November, the urban risk, especially natural or environmental, 
isn’t only a threat to the city and its dwellers, but it’s also one of the essential components of 
urban structure and its urbanisation evolution. Therefore, it is required to translate the relations 
of urban natural hazards, for example the flood hazards, by urban spatial development. She 
develops a geographical theory, “Spatiality of risk” (November, 2008), based on 
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Anthropological theory of Bruno Latour (Latour, 2004) and on Economic theory of Joseph 
Schumpeter (Schumpeter, 1951). The objective is to realize how the risks emerge and what the 
relation between the risks and its affected areas is, by urban planning documents analysis also by 
target groups’ and victim’s survey. This approach presents not only material and spatial risk 
dimensions, but also social, political and economic ones. Those dimensions are the major factors 
of vulnerabilities and risks evolution. Several case studies expose that the coexistence of natural 
and social risks would reinforce the precariousness of the place. Thus, Valérie November 
interrogates about the following questions: If is it just at random that different risks accumulated 
in one place? Why do people choose to live in the risk-prone zone and why do they neglect 
quickly the threat of risk occurred previously?       
Moreover, one of the case studies of flood risk named “Lully Effect” (November, 2009) shows 
that the prevention and management of flood risk in local scale is as much important as the one 
in territorial scale.  
 
Chris Zevenbergen and William Veerbeek, researchers in Delft University of Technology, 
emphasize on the necessity to establish a spatial approach of flood resilience in urban 
development strategy, particularly facing the climate change (Zevenbergen and al., 2008). At 
first, the analysis of case studies spatial adaptations in different scales (drainage basin, city and 
building) leads to identifying the interactions between them. Then, the development of a spatial 
and temporal approach could be set up. In their point of view, the project UFM Dordrecht in 
Netherland is a convincing spatial adaptation example in multi-scales.      
 
Based on above mentioned researches in different fields, the objective of our research is to 
investigate the relation or, more precisely, the interaction between the forms of urbanisation and 
the impacts of flood risk. We attempt to distinguish the different architectural and urban forms, 
which seem more adapted to the local climate and hydrology, also to the means of conceiving the 
urban spaces. We pay particularly attention to the cultural resolutions since there aren’t solely 
the technical solutions. Furthermore, we seek to analyze their capacity of adaptation, of 
transformation and of renovation with rapid urbanisation tendency, especially in the high-density 
cities.  

CONCLUSIONS 
Our primary research hypothesis proposes to consider the flood risk as one of key urban structure 
components of contemporary city. A research centred on the urban evolution of the relation 
between urban forms and its hydrology, also of the interaction between flood disaster events’ 
impact and urbanization forms could be a key solution of urban mutation facing on the climate 
change and flooding disaster caused by it. Moreover, the review upon the urban planning and 
design methods by taking the flood risk in consideration in urban spatial organisation could 
assist us with a further comprehension about the impact of urban space recomposition in 
contemporary city. 
 
Firstly, our research consists to review the literature concerning this subject: the relation between 
urban pattern/form and its hydrology, especially the occurrence of flooding events. We reference 
the recent research results of EU program, such as MITCH, IMPACT, FloodMan, FLOODsite 
and ERA-NET CRUE. Even though those research programs have concentrated on the structural 
solution against flooding, certain results of these programs were applied in urban projects in 
European cities. It is useful to analyse concretely how the urban patter/form adapts to local 
climatic and hydrological conditions. 
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Secondly, our research carries on the case study: Taipei. Our analysis consists, foremost, the 
comprehension about the evolution of urban structure and its hydrology from 1950 to 2010, 
significant urban development period (Figure 4.). For analysis the relation between water and the 
urban spatial organisation, the analysis criteria would be established.  

 

Figure 4: Urban Morphology Analysis  
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Abstract 
To do research about water is like doing about life: everything fits inside that field. To 
choose an approach facing the amplitude of this topic is mandatory for this kind of 
research, for that reason neologism ‘Hydro-Sociology’ is proposed as a methodological 
tool (a mirror showing reciprocity issues) to apply the scientific philosophy of the 
experimental phenomenology to a 18 km2, highly urbanized microbasin through a 
qualitative, quantitative indicator. The research discuss that reciprocity through the 
analysis of the mutual care between water and citizenship at Riberão das Anhumas 
microbasin in Brazil, with a methodology based on a phenomenological reflection on the 
urban indicator ‘Water Footprint’ and its applicability in the case study, disserting about 
the archetypical “matter of life and health” aided from the wise sight of transdisciplinary 
thinker-actors. 

Keywords 
Hydro-Sociology; citizenship; reciprocity; waters; water footprint 

INTRODUCTION 
In his biological-urban approach and together with the idea of reciprocity through an economic 
interpretation of history, criticizing both orthodox and socialist interpretations from an 
evolutionary one, Scotish biologist and urban planner Patrick Geddes first named the term 
‘social basin’, at a conference spoken in 1923 at the New School of Social Research of New 
York entitled “The valley section from hills to sea”. There he stated (GEDDES, 1959), in an 
innovative sight on evolutionary biology, that throughout generations the landscape we 
transform do transforms us, that we are cultivated by our agriculture (farming habits), as differs 
the oriental rice-culture from the occidental corn-culture. Following this reasoning, can we think 
that we are domesticated by our cattle, bodily shaped by our chairs and car seats and, why not, 
qualified by the water we manage and the social ways we do? This paper, throwing an incipient 
thesis onto public discussion, discourses on it. 

The case study centers on the microbasin framework. After a survey on Water Footprint 
indicator through reflective thought (reciprocity), 2 aspects will be integrated into the 
methodology prior applying it on the microbasin as an experimental indicator: (a) qualitative 
issues and (b) a ‘Urban Water Footprint’ (real estates as immovable goods). Reciprocity travels 
from the obvious to the fascinating, in the analogous path that Andrei Tarkovsky crossed from 
typical to unique in his film works, explicitly explained in 1987 in “Sculpting in time”. Reprocity 
is symbolized with  in the thinking-acting figures below and felt with ‘poetic ratio’ 
(ZAMBRANO, 1986) as “o caminho de volta” or “the back path” (CANINDÉ, 2007). 
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MATERIAL & METHODS 
To study the reciprocity embedded inside the mutual care between waters and citizenship in 
Brazil, 2 materials and a two-phase method are selected: as the research materials, is used the 
Water Footprint indicator as the main matter researched (the object being reflected on), and the 
Brazilian Anhumas Project as specific field study from where data is recycled and collected; for 
the method, a first phase reflects on the water footprint indicator through experimental 
phenomenology, a second one applies an experimental indicator on the Anhumas microbasin 
(case study) through experimental mathematical and cartographical tools based on a Water 
Footprint indicator qualitative checking. 
 
Water Footprint indicator is the main matter researched, the object being reflected on. It is a 
geographically explicit indicator about the water use embedded in goods and services production 
and relates to global trade, that in teory synthetize a quantitative and qualitative information but 
in practice has a lack of transdisciplinary reflection because of being in an incipient 
consolidation process. It was elaborated from the virtual-water concept calculation methodology 
(ALLAN, 1998) focused on commercial and geopolitical issues, so it opens a field to research its 
sense and operativity in social, political water management topics. 
 

 

Figure 1: on the left, map showing USA Blue water footprint, showing the impact of USA consumption habits 
on world superficial freshwater and groundwater resources; on the right, virtual-water balance of The 
Netherlands related to crop trade. Data for the period 1997-2001. Source: Hoekstra & Chapagain, 2008. 
 
The Anhumas Project is the specific field study from where data is recycled and collected. With 
its complete name “Environmental Recuperation, Participation and Public Power: an Experience 
at Campinas City” and developed in Brazil between 2000-2006, this reference project (COSTA 
et al., 2006) was a detailing study of the use and occupation of Riberão das Anhumas microbasin 
lands, the economic and social diagnostic and the construction of an environmental education 
program, focusing on the promotion of actions that lead a formation of critic citizens, active and 
conscious of their role in the environmental management of the urbanized river landscape. The 
institutions involved were Instituto Agronômico de Campinas (IAC), Universidade Estadual de 
Campinas, Prefeitura Municipal de Campinas (PMC), Instituto Florestal (IF) and Universidade 
de Brasília, and was economically supported by Brazilian research agency FAPESP. 
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Figure 2: erosion risk compound maps at Riberão das Anhumas microbasin. Source: Anhumas Project. 
 
The first phase in methodology is a reflection on the water footprint indicator through 
experimental phenomenology (reflective philosophy). It represents not just an alternative 
scientific sight, but an ontological and epistemological shift, named through the neologism 
‘Hydro-Sociology’. Aspects of the phenomenology of waters will inform the research, from the 
archetypical waters, the sanitary politics of Chadwick and the lost circularity (ILLICH, 1998) 
and the insights of Saint-Simon and the ‘tap water utopia’ (VARGAS LLOSA, 2002). 
 

 

Figure 3: thinking-acting model showing the reflective, phenomenological shift. 
 
The second phase in methodology is an application of an experimental indicator on the Anhumas 
microbasin case study through integrated mathematical and cartographical tools based on Water 
Footprint qualitative checkings. It will be integrated a proposed ‘Urban Water Footprint’ 
(immovable consumption goods) from the methodology by McCORMACK et al., (2007) and 
qualitative issues from ARROJO (2006) insights will be inserted. Cartography based on Sankey 
diagrams and ecosystem modeling from Odum´s models will be presented using an algorithmic 
design tool in order to show complex data in a more understandable way. 
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Figure 4: from left to right, Sankey diagrams of Colorado basin water use, Odum´s system modeling and 
interface for an algorithmic design by Grasshopper®. 

The framework selected is the ‘environmental basin’, term named and developed by a Brazilian 
biologist working on territorial matters, where Odum´s modeling is applied to this geogprahical 
matrix (model C from figure 5). As explained in her PhD thesis (RUTKOWSKI, 1999): the 
present work discusses the ‘metropolitanized’ freshwater management in Brazil and proposes a 
new strategic environmental planning unit — the environmental basin. It is a process with 
dynamic boundaries defined by social and ecological indicators under the perspective of the 
development’s sustainability. It aims to induce a differentiated participation of all segments of 
society. 

 

Figure 5: types of waters according to its phenomenological reconnaissance and analogies with homeostasis, 
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where black circles represent the waters and white circles the human being: (A) inside the human body, (B) 
outer, discreet and visible, and (C) surround, diffuse and hidden. 

RESULTS AND DISCUSSION 
It will be presented an advance of the main results of applying that experimental indicator in 
order to discuss the mutual care between waters and citizenship in Brazil from analytical data 
and disciplinary tools. 
 

 

Figure 6: thinking-acting model showing the waters cycle and its mutual processes among types. 
 
Reciprocal processes of the waters cycle: (A) homeostasis; (B) visible hydrological cycle; (C) 
hidden hydrological cycle, fluxus and surround waters; (1) wasted waters from the human 
metabolism (sweat, tears, breathing exhalation, urine); (2) fresh waters, breathed vapours and 
waters embedded in foods; (3) infiltration and evaporation processes; (4) rainfall, spring rising; 
(5) amniotic liquid, sub aquatic immersion, skin permeability, body humors; (6) aqueous humor, 
radiestesy. 
 
In the discussion encouraged, the wider trend expected from the research results relies on 
practical reflections on the Water Footprint indicator. The Spanish research group, mentioned 
below, reflects on it through an ‘Extended Water Footprint’ referring to an integration of 
hydrological and economic calculations showing a more objective and transparent sight, the 
“hydromith” of global water scarcity and the lacks of Falkenmark Index suffering from a “lack 
of complexity and sofistication” (LLAMAS et al., 2009). The most important aspect revealed 
from the point of view of the management of a scarce resource, was that most part of water uses 
produces crops with very low economic value, high irrigation demand and that represents one of 
the biggest causes for diffuse contamination. 

The lack of qualitative calculations links to the following issues related to phenomenological and 
ecological insights (TOLOSA, 2009): (a) water scarcity is a new myth when we talk about 
ecosystem dynamics, (b) promoting international trade means rising energetic and ecological 
footprint, (c) the change of the price in basic foods causes hunger troubles in areas where 
governments speculate with traded crops (Mexico case). 

Moving our sight to complementary fields can widen research on urban waters, as we know 
about archetypical waters as universal contentless forms that channel experiences and emotions 
(JUNG, 1981) or issues like the ethical imperative about sustainability in the professional and 
citizen water management practices (ARROJO, 2006). One of the points of interest relays on the 
instrumentalization of the conditions of homeostasis (CANNON, 1963) and the conditions 
needed for the autopoiesis (VARELA et al., 2004) for urban waters policies. 
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Would it be possible that those different qualities affect the elemental homeostatic processes, as 
in the basic biochemical equation C6H12O6 + 6 O2 → 6 CO2 + 6 H2O + e ? Do exist different 
glucose types according to its different water molecules and do we produce in our bodies watery 
fluids different in quality? And how this fact would affect health, cognition and evolutionary 
issues? Probably this will have to be answered in deep collaboration with researchers from 
biochemistry, psychiatry and somatic psychology. 

CONCLUSIONS 
Including qualitative issues into urban water management would shift that research and praxis 
towards key social, political matters. From the previous reflections, we could accept there is a 
need for a paradigm shifting, involving compulsorily urban waters management. We have to 
remember that from the last 80’s, city’s care lives between two referential frameworks: one 
based on the evolution as innovation from necessity and misery (Darwinian, Neo-Malthusian) 
and other based on innovation from the prime of society (Marxist). Disenchantment and decline 
of cities and sustainability disarray demand pointing efforts to renew approximations towards 
urban reality. Due to accelerated changes, uncertainty leaves ironically obsolete any aim to give 
sense to reality before it is practiced and is effective. So the standardized determination of people 
occupied with the city’s care (city planner and architect profession), with its transmission 
(teaching) and its improvement (research) has an unbalanced theoretical framework of reference. 

Expected praxis-oriented reflection on Water Footprint indicator can reveal that there are 
significant deficiencies within the concept of virtual-water that mean there is a significant risk in 
relying on these measures to guide policy conclusions. The recent pioneer inclusion of this 
concept (using the similar term huella hidrológica –hydrological footprint-) into the National 
Hydrological Planning in Spain through an Instruction published on the Official State Gazette 
(Ministerial Order ARM/2656/2008, 10th September), from the work of the Spanish Water 
Footprint research group coordinated by Observatorio del Agua at Fundación Marcelino Botín, 
rises the interest of this kind of applyed research. The necessary mutual care between waters and 
citizenship resumes with the autopoietic tasks that waters do taking care of our health. So instead 
of asking ourselves whether urban waters have to be exploited (as a resource) or dominated (as a 
potential risk), we could think-act: what kind of knowledge and urban Politics do we carefully 
practice to persist in that pristine, wealthy reciprocity? This and previous questions are and must 
be open conclusions through circles of reflections. 

REFERENCES 
• ALLAN, J.A. (1998) Watersheds and problemsheds: explaining the absence of armed conflict 

over water in the Middle East. London : Middle East Review of International Affairs, 2 (1): 49-
51. 

• ARROJO, P. (2006) El reto ético de la nueva cultura del agua: funciones, valores y derechos en 
juego. Barcelona: Paidós. 

• BACHELARD, G. (1978) El agua y los sueños. Un ensayo sobre la imaginación de la materia. 
México: Fondo de Cultura Económica. 

• CANINDÉ, F. (2007) Invertência, at “Escrita, Biblioteca Virtual de Escritores”. Campinas: 
Komedi, http://www.komedi.com.br/escrita/leitura.asp?Texto_ID=7648  

• CANNON, W. (1963) The wisdom of the body. New York: W. W. Norton and Company, Inc. 

http://www.komedi.com.br/escrita/leitura.asp?Texto_ID=7648


WWW-YES-2011 proceedings (draft version) 

50 / 141 

• COSTA, M.C.; TORRES, R.B.; DIAS, C.C.; CARPI Jr., S.; SCALEANTE, O.A.F. (2006) Poder 
público e comunidade: uma aliança possível para resolver problemas de meio ambiente? Um 
estudo de caso na bacia do ribeirão das Anhumas, Campinas, SP. São Paulo: Revista Brasileira 
de Gestão e Desenvolvimento Regional, vol. 2 (3), pp. 128-152. 

• FALKENMARK, M. (2003) Freshwater as shared between society and ecosystems: from divided 
approaches to integrated challenges. London: Philosophical Transactions of the Royal Society, 
Biological Sciences 358(1440): 2037–49. 

• GEDDES, P. (1959) Cities in evolution. New and revised edition. London: Barnes and Nobles. 

• HOEKSTRA, A.Y.; CHAPAGAIN, A.K. (2008) Globalization of water: Sharing the planet´s 
freshwater resources. Oxford: Blackwell Publishing. 

• HOLLING, C.S. (1973) Resilience and stability of ecological systems. California: Annual Review 
of Ecology and Systematics, volume 4, pag. 1-23. 

• ILLICH, I. (1989) H2O y las aguas del olvido. Madrid: Cátedra. 

• JUNG, C.G. (1981) The archetypes and the collective unconscious. Princeton: Princeton 
University Press. 

• KELEMAN, S. (1985) Emotional anatomy. Berkeley: Center Press. 

• KOSICE, G. (1972) La ciudad hidroespacial. Buenos Aires: Anzilotti. 

• LLAMAS, M.R.; ALDAYA, M.M.; GARRIDO, A.; LÓPEZ-GUN, E. (2009) Soluciones para la 
escasez de agua en España y su aplicación a otras regiones. Revista de la Real Academia de 
Ciencias Exactas, Físicas y Naturales, Vol. 103, Nº. 1, pp 41-54. 

• McCORMACK, M.; TREOLAR, G.; PALMOWSKI, L.; CRAWFORD, R. (2007) Modelling 
direct and indirect water requirements of construction. Building Research & Information. ISSN 
0961-3218 print. ISSN 1466-4321, Taylor & Francis. 

• RUTKOWSKI, E. (1999) Desenhando a bacia ambiental. Subsídios para o planejamento das 
águas doces metropolitan(izad)as. PhD thesis. São Paulo: EDUSP. 

• SANTOS, M. (2006) A natureza do espaço: técnica e tempo, razão e emoção. São Paulo: 
EDUSP. 

• SARTRE, J.P. (2005) El ser y la nada. Buenos Aires: Losada. 

• TOLOSA, M.N. (2009) Huella hídrica. Temas de sostenibilidad urbana. Madrid: Biblioteca 
CF+S, http://habitat.aq.upm.es/temas/a-huella-hidrica.html  

• VARELA, F.; MATURANA, H. (2004) De máquinas y seres vivos. Autopoiesis: la organización 
de lo vivo. Buenos Aires: Luman Humanitas. 

• VAN OEL, P.R.; KROL, M.S.; HOEKSTRA, A.Y. (2007) A river basin as a common-pool 
resource: a case study for the Jaguaribe basin in Brazil. Delft: UNESCO-IHE, Value of Water 
Research Report Series. 

• VARGAS LLOSA, M. (2002) La utopía del agua corriente. Madrid: Letras Libres e-magazine, 
http://www.letraslibres.com/index.php?art=7538  

• ZAMBRANO, M. (1986) El sueño creador. Madrid: Turner. 
 

http://habitat.aq.upm.es/temas/a-huella-hidrica.html
http://www.letraslibres.com/index.php?art=7538


11th World Wide Workshop for Young Environmental Scientists WWW-YES-2011  
Urban waters: resource or risks? Arcueil, France (5 - 10 June 2011) 

51 / 141 

6. Improvement in urban storm water 
management: analysing the innovation process 
through the three observatories of urban 
hydrology in France 

Mathilde SOYER 

LEESU, Laboratory Environment Water Urban Systems, 6-8 avenue Blaise Pascal, Cité 
Descartes, Champs sur Marne 77 455 Marne-La-Vallée Cedex 2 
Email: mathilde.soyer@leesu.enpc.fr  

Abstract 
My thesis in sociology takes place in a big research program studying contaminated 
storm water in urban areas in order to develop new processes to cope with pollution. 
Most of the researchers of the program are biologists, chemists, hydrologists. The study 
also conveys sociology insisting on the importance of a multidisciplinary approach. Why 
would a sociologist be needed to help understand a topic such as water pollution, which 
seems to be a really technical issue?  In fact, I am looking to “study my colleagues who 
study chemicals”, and the contribution of their discoveries.  
Because innovation isn’t just about technical inventions. It’s a political and social 
question too. How can a sociologist be part of such a project? What are his/her particular 
methods? These are important questions, as more and more scientific programs, 
especially regarding environmental issues, aim to associate hard sciences and social 
sciences. 

Keywords 
Storm water management; observatories; innovation; urban hydrology; local  

INTRODUCTION 
For decades, cities have to face new environmental problems linked with increasing urbanization 
that have sometimes developed without being enough controlled or planed. Water management 
is a good example: inefficient water networks in the city (regarding waste water as well as storm 
water) can lead to great damages such as floods and environmental pollutions. Storm water 
management in particular is a growing concern, as researches have been realising since the 
seventies that storm water were highly contributed to environmental pollutions – in lakes, rivers, 
sheets… 
Authorities need more data and analysis to cope with these new environmental risks, which are 
deeply linked to human activities. That’s why new orientations of public policies go with a huge 
development of monitoring programs in many fields, environmental but also economical or 
social ones.  
 
In France, only three large towns for the moment have developed specific organisations 
dedicated to the monitoring of impacts of urban waters on environment, called “observatories in 
urban hydrology”. These are special places for researchers and managers to share their needs and 
work on solutions. At first glance, these organisations appear to be more the results of an 
initiative coming from scientists rather than a governmental concern, but it does involve local 
authorities too.  

mailto:mathilde.soyer@leesu.enpc.fr
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The study I’m conducting is part of a research program called “Innovations for sustainable water 
management in urban areas”, initiated by the three observatories. It aims at improving 
knowledge and control of storm water pollution in order to protect environment. This common 
program is also an opportunity to study the innovation process toward storm water management 
in the observatories by conveying a sociological approach. I’m in charge of this aspect.  
 
This project, which associates social sciences to hard sciences in the same research program, 
reveals a current trend: people tend more and more to include humanities to the analysis of 
technical aspects. In fact, environmental issues are so complex that traditional technical 
approaches are not sufficient to understand the whole problem. For example, reducing pollution 
is not just about improving WWTP or setting up new tools to cope with pollution. Reducing 
pollution also means to change people practices, to create some lows to push firms and public 
services to do their best to avoid damaging the environment… 
 
This paper will first introduce the context of the study: main subject, sites and objectives of the 
research. It will then present the methods used to produce results, focusing especially on the 
“proof” in social sciences. At last, we will show how first results, confronted to theoretical 
concepts, can be turned into research hypothesis and lead to a new core question.  
 
Subject, sites and objectives of the study 
 
A starting point: defining “innovation” in link with the topic   
To start my researches, I had to define what can mean innovation in political sciences. Most of 
time, innovation in social sciences is studied by economists who mainly focus on technological 
inventions. Innovation is usually linked to the development of a new product on the market of 
goods and services or to the improvement of methods of production. Changes affect most of time 
material, human resources and ways of working1. Such innovations generally come out from 
scientific inventions, initiated in private or public research units.  
 
In this way, we have first to consider innovation has a “process”. An invention remains an 
“invention” if it is not used, if it does not impact organization’s running, making-decision 
processes or people’s behaviours. An invention needs users to become an innovation. That’s why 
innovation is a political and social phenomenon, as much as a technological one.  
 
Economical definitions are not so satisfying if we consider the public management field and the 
environmental questions, such as storm water management. First, innovations produced in these 
areas do not aim at being more competitive on the market. Secondly, these analyses tend to deny 
or at least lower the social and political aspects surrounding innovation, whereas these elements 
are very important when we study public policies.  
 
So I preferred to start the survey with a wider definition of innovation. I found it among 
anthropologist’s studies, which tend to define innovation as a “complete social fact”. It means 
innovation reflects the whole society: its believes, its systems, its cultural changes, its social and 
political opportunities… 
 
For example, an anthropologist, Pierre Gouletquer, shows how the new activity of extracting salt 
from mud appeared as the result of deep evolutions: “Invention here is not the birth of a new 
technique that makes possible extracting salt from mud. The invention, so as to say, results in the 

 
1 Cf. Le manuel d'Oslo de l'Organisation de Coopération et de Développement Economique 

http://fr.wikipedia.org/wiki/Manuel_d%27Oslo
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political and economical restructuration that leads to take a commercial advantage of a potential 
neglected so far. (…) In other words, the “innovation potential” can’t be analysed only through a 
technical process separated from the context. Drivers of changes consist in a redistribution of 
powers and a new structure of territories in the area, technical inventions and diffusions of new 
materials becoming indeed minor aspects.” (Flichy, 1995). 
 
Regarding the study I’m conducting, the goal is not to neglect or reduce the importance of 
technological improvement, but to look at innovation from a more global point of view. That’s 
why a political scientist is needed: to go far beyond technical dimensions and analyse innovation 
through a “global sociology of changes” (Hassenteufel, 2008).  
 
Studying innovation requires focusing on:  

• Political and social context 
• Technical possibilities 
• People involved in the process and coalitions between main groups willing to change 

things.  
 
Topic and sites  
The main focuses of my study are the 3 Observatories of Urban Hydrology existing in France: 
OPUR from Paris (94), OTHU from Lyon (99) and ONEVU from Nantes (2006). OPUR, OTHU 
and ONEVU work mostly on the same topic: they analyse the whole water cycle, from the 
atmosphere to the ground including the in-between steps as network, flows, streaming… 
Researches mainly focus on pollutants in urban areas and their impact on the environment.  
 
An observatory of urban hydrology can be defined through four main features, which can be 
seen in each structure:    
 

• Real testing sites are tool up by researchers and managed by researchers and technicians 
of local services 

• Experimentations and programs are partially fund by local authorities 
• Research programmes are designed by both researchers and local authorities 
• Collaborations between partners are mid-term or long-term ones 

 
In addition, the three observatories work on urban and suburban areas, in catchment areas of 
different sizes.  
 
The observatories are a tool to improve relations between local authorities and researchers. It is 
supposed to favour communication between the two and help to link scientific questions to 
management issues. 
 
From this point of view, the observatories are in it-selves a way to favour innovation. Indeed, I 
have to analyse innovation through these dedicated structures.  
 
Nevertheless, even if there is a lot of communication between researchers coming from each 
area, each observatory has developed its own research programmes, local concerns, methods... 
They work mainly on the same topics, but there are differences between the three, which can be 
sum up in the following categories:  
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• Target of researches: the structures differ on the specific area of researches (some take 
into account the impact of polluted water on the environment – rivers, sea… other just 
look at pollution into the water network and mainly focus on pollution in the city, etc.) 

• Sites they set up their experimentations: some sites are chosen regarding their hydrologist 
conditions, other because it is especially at stake for local authorities… 

• Goal of researches: some teams prefer developing studies with very concrete outcomes, 
other tend to be closer to basic research…  

• Research programs, which are more or less negotiated with local authorities: some 
studies are exclusively defined by researchers whereas other researchers make a great 
deal about listening carefully to the public services needs… 

• Practices and materials: they use different types of pluviometers or radars, have different 
sampling options, results certification…  

• Age of the structures 
• Size and means 
• Social and political context: some structures are very praised and supported by elected 

representatives; others suffer from a lack of recognition. In addition, some areas are 
really willing to fund research programs, for others, it is not a prior concern, so they are 
not that involved.  

 
So I have to analyse the innovation process according to each observatory and each territory. In 
this way, I will have to identify global paths and mechanisms favouring innovation, but also 
local dynamics, related to context, history and people coming from each place.  
 
Objectives of the study 
Actually, my work aims at two kinds of objectives:  
 

• To produce some original knowledge about innovation in urban hydrology (this goal is 
linked to “pure sciences” objective) 

• To show how the scale (national or local) of public policies and local context can impact 
on the innovation process: are drivers very different in Lyon or Paris? Do different place 
produce very different innovation policies? 

• To favour innovation in these three places (Lyon, Nantes and Paris), thanks to the 
expertise produced through my PHD’s. Identifying “the drivers of innovation” may boost 
changes.  

 
The third objective is more related to a concrete application of knowledge. This kind of PHD’s, 
which is oriented toward action, is called “research-action”. It implies special methods and 
positioning of the researcher that I will develop later on in the methodological part. 
 
In other words, I can describe my mission this way: 
 

• To do a socio-history of collaborations between researchers and local authorities 
(engineers from public services, technicians, representative elected…) in order to 
understand the paths leading to the birth of the observatories ;  

• To discover, in this history, the main factors leading to changes in storm water 
management ; 

• Thanks to these current elements, to be able to propose some scenarios for changes likely 
to happening in the future toward innovation policies.   

 
The scheme below sums-up the starting project:  
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Research program objectives

Collaborations between
reaserachers and local services 
(ingeneers and techniciens of 

water services, elected
representative…)

Elements analyzed, for 20-30 
years :

Local context and global 
framework

Background for 20-30 years : 

Caracteristics of Urban
territories

Social and political context ? 

Collaborations in 
observatories

Who ? How ? What
for ? Means ? Results
? Changes in Laws

European, French, local 
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Change trend in 
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policies

Processes
(type of innovation : 

technological, 
organizational, cultural 

ones))

Impact
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services) 
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objective : a 

whole
« sociology of 

changing »

 

Fig. 1: A very qualitative approach requiring to construct “objectivity” 
 
A mainly qualitative approach based on interviews and analysis of archives and current 
documents 
So far, I intended to reconstruct the birth of collaborations between researchers and public 
services, since, as I previously mentioned, innovation appears when an invention comes out a 
laboratory to be used (in this case, when it is adopted by technicians in water management 
services). In this way, communication and collaborations between both sides is a main element.  
 
To reconstruct the “immediate history” of collaborations, I have two main “materials”: 
 

• Interviews with relevant people considering the topic: researchers that initiated the first 
collaborations at national scale but also at local scales (in Paris, Lyon and Nantes) but 
also civil servants from local public services, elected representatives of these different 
areas… 

• Archives: relevant documents for the observatories (meetings report, partnership 
conventions, activity reports…) and institutional documents showing Paris, Lyon and 
Nantes’ evolution (social context, evolutions of public services, major political changes, 
evolutions of budgets, birth of new services, organisation charts…) 

 
Featuring immediate history is a real challenge. Indeed, in that time, all papers were not 
archived, and pretty much nothing was saved in computers. That means it is really difficult to 
find tracks of these collaborations through official or formal documents. Of course, there are 
some papers left, but sometimes you have to do without a “material proof”. 
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That’s why interviews are so important: this is often the only memory left. But this raises another 
problem: people testimonies can’t be vague. People are asked to talk about events that occurred 
20 or 30 years ago, they have sometimes difficulties to remember exactly the dates, name of 
institutions or supervisor, the exact list of persons involved in such research programs…. This 
has two consequences:  
 

• This method enables the researcher to get to the “spirit of collaborations”, the “global 
sense of the recent history”, but with few details ; 

• The researchers has to conduct a quite important number of interviews, in order to 
confront the different stories and to validate the information’s (it’s usually the case in 
social sciences, but this precaution is even more necessary here).  

 
In this way, we also confront the researchers’ vision and the engineers or technicians from 
public service’s ones. Both categories are being asked the same questions about the way they 
collaborate, their visions of problems and of solutions. 
 
This is very useful because the gap between their approaches teaches us a lot about the 
difficulties of collaborations: misunderstanding, biased representations of each others… 
Interviews of researchers have been accomplished; it will be confronted to engineers and public 
services supervisors’ speech in the following months.  
 
From “subjectivity” to “objectivity” 
When they are interviewed, the way people pictured themselves, their actions, their role, their 
responsibilities, their successes or failures reflects their subjectivities. But in human sciences, it 
is not an insurmountable problem, in spite of what one may think. Indeed, there is many ways to 
go over this difficulty and consider these testimonies as real research materials.  
 
1. Considering that people “representations” or visions are more important than the “objective 
truth” that does not exist in itself 
The main paradigm in sociology is that “the facts are constructed by people”. Truth does not 
exist in itself, “social classes”, “gender differences”, “better solutions”, “prior concern” do not 
exist in it selves, they are not a “natural phenomenon”. People in society create, by their believes 
and behaviours, “social categories”, “problems to solve”, “differences between men and 
women”, “political priorities”… In this way, researchers in social sciences have to study 
people’s visions, believes, preferences, understanding of reality to understand why they act the 
way they do, why they fight for this cause instead of another one… The only way to understand 
these social facts is to listen to people, and to analyze their visions. Taking into account each 
one’s subjectivity is the only mean to explain social facts.  
 
2. Looking for other proofs 
Of course, researchers try to confirm what he has been told with other proofs. In this way, we 
can set up others indicators, when it is possible. For example, some people I interviewed tend to 
say that observatories are quite close to local authorities. I tried to confirm this hypothesis 
through others evidences: we can’t try to check the number of meetings per year (do they meet 2 
times, 5 times, 10 times a year…), to study the list of participants, to look for events organized 
by both parts or involving the two institutions.... Do reserchers and technicians from public 
services produce together technical advices through scientific articles or institutional 
communications? We try be as much creative as we can to constructs indicators or proofs.  
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3. “Deconstructing subjectivity” 
Deconstructing subjectivity means “understanding why someone thinks or acts the way he does”. 
In other words, we try to explain by some social determinants people’s behaviours. In fact, 
something looking, at first glance, very “personal” can be then viewed as a social fact. From this 
point of view, a subjective feature can become a more “objective” one. For example, interviews 
show that researchers tend to be all very sensitive to a “useful science”. It means they really want 
their inventions to change people practices. At the same time, we note that nearly all of them are 
engineers by training. So, we can think (it’s an hypothesis) that their education made them 
sensitive to practical aspects. What appeared first as a “personal preference” can be more than a 
subjective taste and become, if a great number of testimonies agree, an “social fact” more 
objective. It means we don’t take it for granted with a naïve look, we always answer ourselves: 
why would he/ she say that? Why would he/ she present things this way? Why would he/she insist 
on this aspect?  
Listening to the observatories leaders, I know that, even if they tend to be sincere when they 
answer my questions, they also want to valorise their institutions and can’t tell everything 
because of their institutional responsibilities. So I received it with quite distance.  
 
4. “Confronting subjectivities” 
We confront as much as we can testimonies. People with the same profile and being part of the 
same organization (researchers, technicians, leaders…) have been asked the very same questions, 
in order to compare their versions. It means, we don’t stop asking questions as soon as someone 
gave us the information. As in journalism, comparing the same information coming from 
different sources is a basic method. Except we go far beyond journalism in the number of 
sources and the accuracy of testimonies. We consider that a piece of information validated by 
many people is likely to be accurate and can be viewed as a fact or a result.  
 
Positioning myself in a research action  
A research-action aims at producing two kind of knowledge: “knowledge in itself”, as for a 
typical research, but also knowledge “to change the reality being observed and analysed”. The 
research is supposed to not only look at changes, but also contribute to create them. Because 
questioning people, looking at what they do, giving them a vision of their activity indirectly help 
them to think about their positions and actions, and can make them change.  
 
This can be difficult, because it questions traditional positioning of researchers in two ways. 
First, the social scientist has usually to take some distance from the subject he is studying. This 
distance is needed if he wants to construct his own analysis, instead of reproducing interviewed 
people’s speech or superficial opinions we all carry out. Here, I have to be close to my subject 
(in a way, I study my colleagues…) if I want them to be involved in the study; Meanwhile, I have 
to do a real scientific work. This is difficult to manage because I have to go back and forth from 
“research” to “action”. 
 
Secondly, a researcher usually makes its study in a quite lonely way. He is led by his PhD’s 
supervisors, but he does not really share his work outside this small group until it is done. In the 
case of research action, first results are often discussed among the large group which is part of 
the study. In my case, I often talk about my hypothesis or first results with researchers of the 
observatories. This is part of the game, because these elements are supposed to create debates, to 
make people talk until they agree on the same vision, etc. It can be awkward too because my 
work is judged by people I studied, I have to take into account their opinions and sometimes their 
quite strong criticism, without being too motioned or influenced. Because some hypothesis or 
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first results are worth it and deserve to be followed, even if people disagree with my analysis or 
proposals.   
 
Theoretical readings help a lot to face these obstacles: it gives some distance and enable the 
researcher to develop a scientific vision thanks to concepts.  

RESULTS AND DISCUSSION 
Indeed, realizing about 10 interviews and confronting them to science political concepts led to 
some first results, new hypothesis and a more precise definition of the core problem.   
 
Doing a socio-history of the collaborations leads to inquire into the construction of the French 
scientific community of urban hydrology 
The French urban hydrology group is actually a small but very connected community. In the 
early 80’s, researchers and engineers coming from different local services and laboratories work 
started to work together on wide national programmes lead by the government services. The 
teams involved joined the programme on a very informal way. Researchers coming from all over 
France came to “work together, talk and share points of views”, according to the former leaders 
of the project, when they are asked to tell the story. When we consider it, this was the beginning 
of some friendships or at least some good professional relationships. Indeed, the first teams 
implicated in such national programs were then willing to keep these collaborations going. They 
continue to develop contacts, share data and analysis. There were a lot of exchanges, in many 
ways: some professionals of Lyon came to teach in Paris, some researchers of Montpellier were 
supervising Paris’s PhD’s students…  
 
These links were institutionalised in 1988 with the birth of Eurydice, an association created, 
according to its founding fathers, to shape “common knowledge and patterns in urban 
hydrology”. This association gathered researchers, engineers working in water public services, 
local councillors, members of consulting firms… Gathering professionals coming from different 
fields enable them to spread a common vision about problems in urban hydrology and relevant 
innovations in many places. The association also reflects their will to associate operational needs 
to academic circles.  
 
In fact, my hypothesis, so far, is that the birth of the observatories is indeed just one more step to 
reinforce the informal network born in the 70’s. The post-68 social and political context (a lot of 
freedom and a quite important public budget) favoured an informal association. Since the end of 
the 90’s, because of the changes among the French research field (a lack of funding that pushes 
the structures to be more visible), this network has to be institutionalised in another way. This 
hypothesis is influenced by two concepts: the “path dependency” (P. Pierson, 2000) and the 
“policy window” (J. Kingdom, 1995). 
 
The “path dependency” theory suggests that all current situations find its roots in the past. For 
people who defend that idea, change is deeply dependant on history. New situations do not come 
from nowhere, changes are never radical. Here, the observatories exist because this informal 
network has been living for a long time before. It is not an ad hoc creation.  
 
Collaborations between researchers and local authorities are linked to institutions and political 
will, but most of all it seems to rely on the “profile” of people  
In fact, one element helped a lot to set up collaborations: the “professional bridges” between 
academic circles and management services. In fact, it is striking to see the number of people who 
had worked in both fields: starting as a researcher to become then a technician or a manager in 
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public services, or the contrary. It is not rare to meet someone who was first a PHD’s student in 
Lyon, went then to make some researches in Paris, to end up being in charge of the Water 
Parisian Department for local authorities, for example. This kind of career helps local public 
services and Scientifics to develop tights links. In fact, people who know culture, concerns and 
expectations of the two institutions can increase awareness about the advantages of 
collaborations for both parts. In fact, main difficulty in collaborations is that people don’t share 
the same interests neither than the same “language” to express their projects. That’s why “multi-
positioned” people are so helpful. They can “traduce”, “decode” (Faure, 2006) the concerns of 
both side, and develop a “common ground”.  
 
The importance of “political appropriation”  
Political support appears to be essential to understand the success (or the difficulties) of 
collaborations in different territories. Lyon, where is born OTHU, is a good example. Indeed, the 
city is really implicated in funding researches since the beginning of the scientific community in 
the seventies. Both researchers and public engineers have developed a trustful partnership, based 
on many successes, partly economical ones. The modelling developed by scientists enabled, at a 
very low price, engineers of the “Grand Lyon” to optimise their technical choices while 
urbanising new areas. Indeed, they realise quickly that associating researchers in the making-
decision process – research units was somehow perceived as more efficient and “insightful” than 
consulting firms – made them saving money. That’s how they continue to work with to the local 
scientific community of urban hydrology. 
 
But another element was really helpful: local government used these successful collaborations as 
a way to promote the city. Civil servants were actually very proud of their innovation ability, at 
least partly due to the researchers’ expertise. So mayors in Lyon, since the seventies, whatever 
their political belonging, have developed a very praising speech presenting Lyon (and its 
surrounding areas) as “a very advanced city”. This was part of their “urban governance style” 
(Faure, 2007). Politicians being so involved favour a long term partnership. 

CONCLUSIONS 
First results enabled me to precise the core problem of my research, and the factors I had to 
deeply analyse. At the very beginning of my study, I was able to draw a quite easy schema 
(presented in the first part) to define what was at stake. But these great categories were mostly 
“black boxes”, what was inside remained undefined. I can now precise some elements, even if 
these definitions are likely to change in the following months. 
 
In addition, first results helped me reformulating what can be “innovation in storm water 
policies”, leading to some core question to test during the coming campaign of interviews among 
public services (once I’m done with researchers interview): May innovation in storm water 
management be characterised by an evolution to a more integrated vision of water, water being 
not anymore managed apart, but taking into account in the city planning?  
 
The scheme below (Fig. 2) represents the new formulation of the research: 
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Fig. 2: New formulation of the research 
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Abstract 
The reuse of wastewater, especially for non-potable purposes, is an economically and 
environmentally sustainable practice but needs to be managed with comprehensive safety 
guidelines. Among the concerns associated with recycling wastewater is the presence of 
disease-causing microorganisms such as pathogenic bacteria, protozoa and viruses that 
pose a serious risk to human health. Pathogenic microorganisms are rarely detected 
directly as the process is difficult and often expensive. Instead, the most common method 
for assessing the possibility of fecal contamination is the “fecal indicator method” which 
detects the presence of non-pathogenic organisms, mainly Escherichia coli. Although this 
approach holds major utility for protecting public health, numerous studies have raised 
concerns regarding the correlation between fecal indicators and pathogenic 
microorganisms. Due to the great variety of factors that can affect the persistence of 
pathogens in water, soil and crops, it is recommended that controlled field studies be 
implemented in the areas where treated wastewater is used for irrigation. The main goal 
of this project is to challenge the use of E. coli and FC as indicators to bacterial 
pathogens in water, soil and crops and to propose alternative, more reliable, means to 
assess pathogens’ threat in these matrixes. This study will assess the correlation between 
fecal indicator bacteria and pathogenic microorganisms that may be present in irrigation 
wastewater, soil and crops grown according to standard Israeli agricultural practice. In 
addition, the study will assess the correlation between the levels of pathogens in water, 
soil, and crops, as the levels of contamination are expected to vary between the matrices. 
A unique characteristic of this study is the quantification of pathogens with culture 
independent quantification methods (qPCR and DFA), that will minimize bias associated 
with difficult to culture pathogens. The study will provide important practical data 
relevant to farmers, health ministers and scientists regarding the use of fecal indicator 
bacteria for monitoring the safety of produce grown with wastewater effluent. 
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wastewater; irrigation; pathogens; qPCR; fecal indicator bacteria 
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INTRODUCTION 
Wastewater in treated and untreated forms is a common source of irrigation, due to the need to 
extract more utility from each drop of water (Bartone et al., 2010). In developing countries, 
untreated wastewater presents a cheap, abundant and often nutrient-rich source of irrigation 
water where other water resources are scarce (International Water Management Institute, 2003). 
Moreover, it is often the case that governments of developing countries will provide incentives 
for farmers to maximize usage of on-site resources (including wastewater) in an effort to achieve 
food security (World Health Institute, 2006). Consequently, wastewater in treated and untreated 
forms are used to irrigate 20 million hectares of land around the world (Jimenez and Asano, 
2008) with approximately 20% of the world’s food production being grown on raw wastewater 
(Aoki et al., 2005). This presents a serious health risk to the public and needs to be controlled 
with guidelines suitable for implementation in the developing countries most at risk, but also in 
developed countries (World Health Institute, 2006).  

Biological risks of wastewater recycling in agriculture 
Most reclaimed wastewater is used for non-potable purposes due to the presence of disease-
causing agents, such as enteric viruses, bacteria, helminths and protozoan parasites (Bitton, 
2005). It has been well established that irrigation with contaminated water increases the risk of 
bacterial., parasitic and viral infections (Shuval et al., 1985, 1986, 1989; Fattal et al., 1986; 
Campbell et al., 2001; Doyle and Erickson 2008; Nygard et al., 2008). Fresh produce has been 
implicated as the major vehicle for food borne pathogenic outbreaks in the past decade (Doyle 
and Erickson, 2008), mostly leafy greens, sprouts and low growing fruits, such as tomatoes 
(Warriner et al., 2009). Table 1 outlines the infectious dose (the amount of biological particles 
sufficient to infect a healthy adult) of fecal pathogens (Bitton, 2005; Gerba and Smith Jr, 2005). 
It is readily apparent that some highly potent diseases might be caused by as little as 1-10 
biological particles (US EPA, 2004). 
 

Table 1: Select disease causing pathogens present in wastewater and their infectious dose (adapted from 
Bitton, 2005; Gerba and Smith Jr, 2005). 

 Pathogen Disease  Infectious dose 
(organisms) 

    
Salmonella spp. Salmonellosis (food 

poisoning), typhoid 
104-107  

Shigella spp. Bacillary dysentery 101-102  

Escherichia coli 
O157:H7 

Gastroenteritis <100  

Vibrio cholerae Cholera 103  

Bacteria  

Campylobacter jejuni Gastroenteritis ~500 

    
Giardia lamblia Giardiasis (Traveller’s 

diaharrea) 
101-102 cysts 

Cryptosporidium 
parvum 

Gastroenteritis, 
cryptosporidiosis 

101 oocysts 

Protozoa  

Entamoeba coli Acute enteritis 101 cysts 
    
Helminth  Ascaris spp. Digestive disturbances 1-10 eggs 
    
Viruses  Hepatitis A virus Infectious hepatitis 1-10 Plaque forming 

units (PFU) 
 
The general consensus indicates that in the field, human pathogens are not likely to be 
internalized into undamaged plant tissues and that the presence of disease causing agents may 
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occur only on the surface of the plant (Heaton and Jones, 2008 ; Warriner et al., 2009 ; Zhang et 
al., 2009). However, in a field survey of wastewater-irrigated fields in Mexico, it was found that 
enteric pathogens such as Salmonella were detectable on internal plant tissues (Rosenblueth and 
Martinez-Romero, 2006). In addition to the possibility of penetration/adhesion to plant tissues, 
fecal pathogens applied during irrigation have been found to persist in the soil for more than a 
month under certain conditions (Bernstein et al., 2007; Barak and Liang, 2008). Furthermore, 
Salmonella enterica present in a fallow field was able to contaminate tomato plants after 6 weeks 
(Barak and Liang, 2008). Thus, wastewater-irrigated soil can act as a reservoir of fecal pathogens 
even after irrigation has ceased, adding an additional layer of complexity to the management of 
safe irrigation practices (Bernstein et al., 2007 ; Barak and Liang, 2008). 

Guidelines to Wasterwater Reuse 
The reuse of wastewater, even for non-potable purposes, can be a potentially dangerous practice 
and needs to be closely monitored with scientific guidelines (US EPA, 2004). Water quality is 
assessed with a battery of tests, such as Biological Oxygen Demand (BOD), which measures the 
amount of microbial activity in water or Total Suspended Solids (TSS), which measures the 
clarity of the water (Bitton, 2005). It is well established that the presence of fecal pathogens in 
wastewater pose a health threat (Bitton, 2005), yet they are rarely measured directly as the 
process is time-consuming and costly (Bitton, 2005; WHO, 2006). Instead, the possibility of 
fecal contamination is generally verified by the fecal indicator bacteria test, which is the 
enumeration or absence/presence assays of non-pathogenic fecal organisms (most commonly E. 
coli) in order to assess the possibility that the sample is contaminated with fecal matter (US EPA, 
2004; Bitton, 2005; WHO, 2006).  
 
While the fecal indicator test is highly efficient at protecting public health, especially where 
drinking water is concerned, it has been pointed out the utility of this approach for other 
purposes, such as recycling wastewater for agriculture, is not as cogent (Blumenthal et al., 2000). 
Numerous studies have shown that the presence of fecal indicators in watersheds and treated 
wastewater effluents do not always correlate with the presence of disease-causing bacteria, 
viruses or protozoa (Payment et al., 2001; Koopmans and Duizer, 2004; Harwood et al., 2005; 
Ottoson et al., 2006; Dorner et al., 2007; Savichtcheva et al., 2007). This lack of correlation 
could present a serious public health concern if the indicator paradigm is the sole predictor of 
fecal pollution, especially for viral and protozoan parasites (Lees, 2000; Koopmans and Duizer, 
2004; Ottoson et al., 2006). A health concern is obviously relevant if indicator organisms go 
unnoticed due to a false-negative result (Griffin et al., 2001). However, even false-positive 
results contribute to a public health concern since economically disadvantaged farmers tend to 
ignore the indicator test, as they feel that the test is too strict (Blumenthal et al., 2000).  

Research Objectives 
The main goal of this project is to challenge the use of E. coli and FC as indicators to microbial 
pathogens in water, soil and crops and to propose alternative, more reliable, means to assess 
pathogens’ threat in these matrixes. Specifically the project will address the following research 
objectives: 

1) Evaluate the correlation between fecal indicator bacteria (FIB) and the presence of 
microbial pathogens in effluent irrigation water, soil and crops. The study will evaluate 
whether testing irrigation wastewater, soil or crops (tomato) for fecal pathogen indicators 
accurately predicts the presence and type of harmful pathogens present. This objective 
will help to ascertain the validity of the indicator bacteria paradigm for effluent irrigation 
practices. 
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2) Assess the risk of using treated effluent to irrigate crops. The study will identify the 
possibility of microbial contamination of crops (simulated by tomatoes) by utilizing 
potable water and effluent water to the irrigation of tomatoes. Samples from the water, 
soil and crops of both groups will be evaluated for four months at three weeks intervals 
following the model crop from seedling to fruit. The sampled matrixes will be tested for a 
variety of microbial pathogens that present a significant human health risk and are known 
to be relevant to the Israeli population. 

MATERIALS & METHODS 
Tomato plots will be established to compare treated wastewater effluents with potable water 
irrigation. The experiment will use treated wastewater effluent similar to what is used in the 
majority of agricultural fields in Israel (Fine, 2006). In the first growing cycle, secondary-treated 
effluents, that was chlorinated when it left the plant but not chlorinated at the research site 
(representing a worst case-scenario for Israeli practices), will be compared with potable water. In 
the second growing cycle, we will irrigate using tertiary-treated effluents (representing the best 
case scenario) applied in subsurface drips. We will monitor fecal indicator bacteria and 
pathogens in the irrigation water, soil and on the tomatoes during both growing cycles. Water 
samples will be concentrated approximately 1000-fold via ultrafiltration before detection is 
attempted.  

Laboratory detection methods 

Fecal Bacterial indicators and Pathogens 

E. coli, total coliforms and Enterococcus indicator bacteria will be detected from water, soil and 
tomato samples, with the Colisure and Enterolert kits (IDEXX, EPA 9223 B and ASTM D6503-
99). The obligate bacterial pathogens Shigella flexneri., Salmonella enterica., and the 
opportunistic pathogens Pseudomonas aeroginosa and Staphylococcus aureus will be quantified 
both by culture methods and Taqman qPCR, while Campylobacter jejuni., and the opportunistic 
Vibrio cholerae will be quantitated by qPCR only. Culture techniques involve standard 
methodologies that utilize membrane filtration and plating onto selective media, followed by 
identification of the organisms by morphology (APHA, 2005). QPCR will be performed on 
nucleic acid extracts as described below. 

Nucleic Acid extraction 

The nucleic acid extraction utilized in this study is a robust chloform/phenol type extraction 
(Henckel et al. 1999) coupled with bead-beating (Biospec, USA) and maximizes the yield of 
both DNA and RNA from even recalcitrant organisms, such as protozoa. This method has been 
adopted from  Dr Angel R. (Max Planck Institute, Germany). 

Protozoa detection 

Detection of Cryptosporidium and Giardia spp. involves immunomagnetic separation and direct 
immunofluorescent quantification according to EPA Method 1623 (US EPA, 2001) and uses the 
Dynabeads C+G kit from Invitrogen (USA). Detection of protozoa from irrigation waters, soil 
and tomato washings will be performed using quantitative enumeration of the parasites as 
previously described (Armon et al., 2002; Di Benedetto et al., 2006).  
 
In addition, when protozoa will be detected in concentrated water, soil and plant tomatoes 
samples will be further processed for protozoan DNA extraction. Nucleic acid extracts will be 
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shipped to UC Davis where molecular confirmation and characterization for Cryptosporidium 
and Giardia spp. will be performed 

Viruses detection 

For detection of viral pathogens, nucleic acid extracted from the water, soil, and tomatoes 
samples will be shipped in RNAstable tubes (Genvault, USA) to UC Davis where all viral assays 
will be performed. Molecular detection using TaqMan PCR will target Adenovirus (AV Types 
A, B, C & 40/41) and Enterovirus spp. (EV71 subtypes) using previously established methods 
(Leruez-Ville et al., 2004; Monpoeho et al., 2000; Rajal et al., 2007). 

Bacteria molecular detection  

Bacteria will be identified using Taqman qPCR. This method offers several advantages 
compared to traditional culture techniques because it is a rapid, sensitive test that can provide 
quantitative results, and it may be able to detect bacteria that are viable but not culturable in 
aquatic environments (Call et al., 2001). All qPCR assays will be performed on a RotorGene 
6000 (Corbett/Qiagen, USA) and will utilize TaqMan fluorescent probes (Metabion, Germany) 
labeled with fluorescent dyes (FAM, Cy5, Texas Red, or Yakima yellow) at the 5′ end and a 
nonfluorescent quencher (BHQ1 or BHQ2) at the 3′ end. The overall PCR product size will be 
smaller than 120 bases. The different colors on the reporter dyes will allow for multiplex qPCR, 
i.e. detection of different targets within the sample reaction tube, since the reporter dyes are 
detectable on distinct wavelengths.  
 
A single qPCR reaction utilizes the following reagents: Absolute Blue PCR Master mix (100 
µM; ThermoScientific), forward and reverse primers and probe (100 nM; Metabion), BSA 
(0.01%), and the template DNA (~1 ng). The number of gene copies/reaction will be determined 
with a standard curve generated by serial dilutions of a plasmid extract containing the target 
sequence. Extensive preliminary experiments will be conducted to optimize the qPCR protocol, 
especially with regards to inhibition effects (largely associated with soil extracts) and overall 
sensitivity of the assay (i.e. limits of detection).  

RESULTS AND DISCUSSION 

Spiking Experiments 
The focus of this study is to compare the absence/presence of fecal indicator bacteria with the 
levels of pathogenic microorganisms in wastewater irrigated soil and crops. In order to validate 
the methods used for this project, preliminary spiking experiments were conducted to provide us 
with technical experience as well as a basic  recovery estimate for all combinations of 
matrix/pathogens that we will encounter in the future experiment. For the spiking experiments, 
we used some of the actual bacterial and protozoan pathogens that we will detect in the future 
experiments. We also included non-pathogenic bacterial and viral “surrogate” organisms, that 
will be used as an internal recovery control for the future experiments.   

Protozoa 

The recovery of protozoa was accomplished with US EPA method 1623 (IMS/DFA).  The water 
and tomato spikes were relatively straightforward, as method 1623 is robust to a moderate degree 
of particles in the sample and it was easy to obtain readily identifiable cysts/oocysts with highly 
replicable results (table 3). Recoveries for these two matrices stand at approximately 40-50% 
(table 3). This is well within the 20% recovery guideline set by US EPA 1623. The soil matrix 
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was more difficult to work with, mostly because of the large amount of interference present. A 
number of preliminary processing techniques, such as NaCl flotation (Kuczynska and Shelton, 
1999), two-phase separation (Zilberman et al., 2009) and sedimentation (Massanet-Nicolau, 
2003) were attempted with limited success (<2% recovery, data not shown). A modified 
sedimentation method that was developed by Ann Melli (UCD technician) and Karen Shapiro 
(UCD post-doctoral researcher) yielded improved recoveries (table 3) and will be employed as 
the method of choice for detection of Cryptosporidium and Giardia from soil for the remainder 
of the project. The Melli-Shapiro method removes magnetic particles from the soil sample prior 
to addition of the magnetic antibody-coated beads, as well as increases the number of 
washes/elutions of the beads. The net result contains less sediment and has a much higher yield 
(up to 70%) than the other methods tried. The recovery was determined by counting the number 
of (oo)cysts used for the spike by direct fluorescence analysis (DFA) and then comparing that to 
the number of (oo)cysts recovered from the matrix. 

Table 2. Recovery of Protozoa 

  Mean Recovery (%) and (SD)  
Matrix Method Cryptosporidium  Giardia  N 
Water UF 38 ± 5  54 ± 18 3 
Soil Melli-Shapiro 

modified 
sedimentation 

71 ± 10 32 ± 3 4 

Tomato Washing (Robertson 
and Gjerde, 2000) 

46 ± 4 59 ± 14 3 

UF= Ultrafiltration.  

Bacteria 

Recovery of soil spiked with bacteria (pathogens + surrogate) was assessed by qPCR. Similar to 
the protozoa experience, soil was the most difficult matrix to work with as considerable 
inhibitory effects were encountered. The inhibitory effects present in the soil extracts were 
overcome by including BSA (50 ng/µl) and diluting the extracts 100-fold prior to amplification. 
However, data for soil extracts are currently only available for Acinetobacter, as the qPCR assay 
has to be repeated according to the updated protocol for the remaining bacterial species. The 
results are presented in table 4. 

Table 3. Bacteria (qPCR) recovery 

 Matrix (method) 
Recovery (%) ± SD 

Organism Water (UF) Soil (direct 
extraction) 

Tomato (Washing) 

Acinetobacter 170 ± 17 (N=2) 51±16 (N=3) 67 ± 28 (N=3) 
Shigella 155 ± 24 (N=3) N/A 84 ± 26 (N=3) 
Salmonella 85 ± 10 (N=2) N/A 81 ± 33 (N=3) 
Campylobacter 104 ± 67 (N=2) N/A 23.5 ± 8 (N=3) 
UF=Ultrafiltration, N/A=Data not available 
The water spikes tended to show a higher than 100% recovery efficiency. This is probably due to 
overestimation of the true concentration factor associated with the ultrafiltration capsule, since 
not all of the retentate was recovered from the capsule. It may be possible to correct for this 
problem by cutting open an ultrafiltration capsule after a concentration experiment in order to 
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establish the amount of volume that is unrecoverable. Calculation of the recovery was 
accomplished according to the following formula: 

 
Recovery (%) = GCf / GCi * C/D * 100% 

 
GCf = Gene Copies present in the experimental matrix, determined by qPCR. 

GCi = Gene Copies present in the spike before applying to the matrix, determined by qPCR 
C/D= concentration or dilution factors, e.g. the concentration achieved through ultrafiltration or 

the dilution of the DNA before applying to the qPCR assay. 

Virus 

For assessment of virus recovery, a non-pathogenic viral surrogate (bacteriophage PP7) was used 
for the spikes and recovered with qPCR. Only qualitative data for the soil spike is currently 
available confirming that PP7 was detected in the soil and spike extracts. It should be noted that 
the detection of the viral RNA in our spiking experiment is a great success as only one type of 
nucleic acid extraction was performed. Thus, the result confirms that our nucleic acid extraction 
method (for both DNA and RNA) is working properly. 

CONCLUSIONS 
The usage of wastewater effluent to irrigate crops will be extensively evaluated in the coming 
growing season. Fecal indicator bacteria (E. coli, Fecal Coliforms and Enterococcus) will be 
compared to the levels of pathogenic microorganisms present in the irrigation water, soil and on 
the crops. Prior to the crop cultivation, the detection methods to be implemented in the study 
have been validated and quantitative recovery estimates were obtained. The study will provide 
recommendations for the safe management of wastewater irrigation practices   
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Abstract 
Bucharest is one of largest cities in Romania and disposes of natural and artificial lakes, 
which are utilized for different economical and leisure purposes. Water samples collected 
from lakes within the urbanized area were characterized by oxygen indicators (dissolved 
oxygen, chemical oxygen demand), nutrients related indicators (ammonia, nitrates) and 
spectroscopic response (fluorescence spectroscopy). The standard parameters were 
correlated with the fluorescence measurements and with pollution sources situated in the 
proximity of lakes. Degradation of water quality was noted for lakes which have 
individual residential areas in the proximity, in comparison with lakes surrounded by 
green spaces, collective residential or industrial areas, and even open fields. 

Keywords 
Urban water; waste water; ecosystem; discharges; eutrophication.  

INTRODUCTION 
Water, as an environmental component, is essential for the life quality and the sustainable 
development of human settlements. Besides its value as a resource, urban water is a receiver of 
the environmental problems, specific to the urbanized areas: waste waters with different levels of 
biochemical charging, solid wastes, various organisms, and heat excess (Iojă, 2008). All these 
problems can reduce the economical utility of water resources and convert them into means of 
propagation and attraction of urban issues, like insalubrity, excessive growth of various animal 
and plant species, poverty, and loss of economical attractiveness of an area. Due to the 
continuous pressure human life puts on the natural water resources, several legal mechanisms 
have been developed in the European Union. Amongst these there is the Framework Directive 
2000/60/EC, which has been transposed into the Romanian legislation by the Water Law and 
stipulates that all water ecosystems, must achieve good ecological status by 2015.   
 
Bucharest is one the largest Romanian cities and the capital of the country. It has several lakes, 
used for different economical or leisure activities, which have a key role in maintaining the 
territorial balance of their locations. Conservation and preservation of these urban lentic 
ecosystems is important both from an economical and an environmental point of view and can be 
done by the rapid, accurate evaluation and monitoring of their state of health.  
 
Lately, fluorescence spectroscopy has the method of choice for many water-related scientific 
studies (McKnight et al., 2001; Jaffé et al., 2004; Liu et al., 2007; Cârstea et al., 2009; Ghervase 
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et al., 2010), because it has several advantages over standard techniques: it represents a rapid 
pre-analysis method, it does not need high sample quantities or complicated pre-preparation 
steps and, moreover, it offers the possibility of in situ measurements. Water quality can be 
assessed through fluorescence spectroscopy, because of its dissolved organic matter (DOM) 
content. DOM is present in all natural waters in various proportions, and it comprises two 
chromophoric fractions: 40 – 60 % is given by humic-like substances (humic acid – A, fulvic 
acid – C, recent humic substances – M) and the rest is represented by protein-like substances 
(amino acids, mainly tryptophan, T and tyrosine, B). Each of these components has specific 
excitation and emission wavelengths domains (Coble, 1996; Parlanti et al., 2000), which helps 
identify them in a fluorescence excitation – emission matrix (EEM). 
 
The aim of the paper was to determine the ecological status of urban lentic systems, based on 
standard chemical analysis and optical techniques. For this purpose, several urban lakes were 
selected, with similar or different geo-morphological characteristics and impacted by various 
degradation sources. The characteristics of these lakes were correlated with the pollution sources 
by which each of them are affected.  

MATERIAL & METHODS  
A total of 16 urban lakes were included in the study: lakes situated along a river which runs near 
the city border (P1 – P8, “external lakes”) and lakes situated inside the city (P9 – P16, which will 
be called from now on “internal lakes”), as illustrated in fig. 1. The water samples were collected 
in spring 2010. Based on the type of water supply, they can be divided into lakes with partial 
natural water supply and lakes with predominant artificial water supply (from medium and high 
depth groundwater sources and from the water supply network).  

 

Figure 1: Map with sampling locations 
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These lakes are used for different economical and leisure purposes and are subjected to various 
degradation sources, as can be seen from Table 1. As can be seen, all of them are arranged for 
leisure activities and are used for fishing, even if the lake water is not very qualitative. Lakes P1 
– P9 are affected by uncontrolled wastewater and dump discharges, as opposed to lakes P9 – P16 
which are mostly affected by surface runoff.   

TABLE 1: Description of lakes’ use and degradation sources 

Lake Use  Degradation sources 

P1 Fishing, recreation  Household discharges, industrial wastewaters, nutrients 
loading, pluvial waters, vegetation 

P2 Fishing, irrigation, flooding 
mitigation, recreation  Household discharges, industrial wastewaters, nutrients 

loading, petroleum products, pluvial waters, vegetation 

P3 Fishing, irrigation, flooding 
mitigation, recreation  Household discharges, industrial wastewaters, nutrients 

loading, petroleum products, pluvial waters, vegetation 

P4 Fishing, flooding, mitigation, 
recreation  Household discharges, nutrients loading, solid wastes, 

pluvial waters 

P5 Fishing, irrigation, flooding 
mitigation, recreation  Household discharges, industrial waste waters, solid 

wastes, nutrients loading, pluvial waters 

P6 Fishing, irrigation, flooding 
mitigation, recreation  Household discharges, industrial wastewaters, nutrients 

loading, pluvial waters 

P7 Fishing, irrigation, flooding 
mitigation, recreation  Household discharges, industrial wastewaters, nutrients 

loading, pluvial waters 

P8 
Fishing, irrigation, flooding 
mitigation, recreation and 

industrial water supply source 
 Household discharges, industrial wastewaters, nutrients 

loading, pluvial waters 

P9 Fishing, recreation  Pluvial waters 

P10 Fishing, recreation  Household discharges, solid wastes and waste waters 

P11 Fishing, recreation  Pluvial waters, vegetation, sediments from lake bottom, 
aquatic birds 

P12 Fishing,  recreation  Pluvial waters, vegetation 

P13 Recreation  Pluvial waters, vegetation 

P14 Fishing, recreation  Pluvial waters, vegetation, sediments from lake bottom, 
restaurants, aquatic birds 

P15 Fishing, recreation  Vegetation, aquatic birds, pluvial waters 

P16 Fishing, recreation  Sediments from lake bottom, vegetation, birds, 
restaurants, pluvial waters 

 
Prior to the spectroscopic measurements, the samples were analyzed for several standard 
chemical quality indicators: oxygen indicators (dissolved oxygen and chemical oxygen demand) 
and nutrients related indicators (ammonia and nitrates). The dissolved oxygen level was 
measured with HANNA HI 9145 oxygen meter, the nitrogen compounds with spectrophotometer 
with sulphanilamide and N-(1-naphtol)-ethylenediamine for nitrates, and for the chemical 
oxygen demand the US EPA 410.4 method was used.  
 
Fluorescence was recorded in the form of emission spectra using spectrofluorimeter FLS-920 
Edinburgh Instruments, equipped with 450 W Xenon flash lamp and double monochromators. 
The emission was detected in the range of 250 – 500 nm, with 1 nm step, for different excitation 
wavelengths, between 230 – 400 nm. Both emission and excitation slits were set at 2 nm and the 
integration time was 0.2 s. The recorded data were processed using the Origin 7 software.  
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RESULTS AND DISCUSSION 
The standard water quality parameters recorded for the lake water samples are presented in 
figure 2. The level of dissolved oxygen in natural waters is a balance between the oxygen 
depleting (respiration and decomposition) and the oxygen generating (photosynthesis) processes. 
Organic wastes may overload a natural water system, leading to depletion of the oxygen supply 
but for the investigated lakes, the organic loading did not seem to have a direct influence over 
the dissolved oxygen values for eutrophic lakes, due to the photosynthesis process. The values of 
dissolved oxygen varied unevenly from 4.17 (P12) to 10.2 (P1). The smallest value, detected for 
sample P12 can be related to the presence of more bacteria or animal populations using dissolved 
oxygen in excess.  
 
As for the nitrogen compounds, high content of nitrates was found in samples P1, P2, P6, P7, 
P13 and P16, which are included in the fourth general quality class (Official Monitor of 
Romania, 2006), as opposed to samples P9 – P11 and P15 which had the lowest values. The 
ammonia content registered in the lakes varied from 0.03 (P9) to 5.89 (P7). Ammonia, as 
nitrogen source, is also nutrient for the aquatic vegetation and it can contribute to the 
overloading of natural waters. The high ammonia values found in lakes P1, P2, P7 and P8 could 
be related to the presence of larger fish communities.  
 
The chemical oxygen demand (COD) represents the capacity of a water system to consume 
oxygen for the decomposition of organic matter or for oxidation of inorganic substances and it is 
a measure of the degree of water pollution with organic matter. The highest levels of COD were 
registered for samples P1, P5 and P8, over 40, probably indicating highly eutrophic lakes. 
 
Lakes P1 – P8 are more subjected to the antropic influence, because there are more individual 
residential areas in their proximity. Many of them are not connected to the city’s sewage system 
and part of their wastewaters is released into the lakes, contributing to their degradation. On the 
other hand, lakes P9 – P16 are surrounded by parks and some collective residential locations, 
therefore mostly affected by surface runoff. 
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Figure 2: Standard chemical parameters of the lake water samples 
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Figure 3 illustrates the fluorescence intensities of the principal fluorophores encountered in the 
lake water samples. The humic acid A, showed maximum fluorescence signal between 380 – 480 
nm, when excited with 260 nm wavelength. The sample that had the highest A peak was P3, 
followed by P2 and P1. At the opposite end, samples collected from the lakes inside the city had 
the lowest humic-like substances concentrations, with a minimum recorded for P9, P13 and P15. 
The maximum fluorescence emission of the fulvic acid (C) was detected in the wavelength 
domain of 420 – 480 nm, for excitation with 340 nm. The samples with the highest 
concentrations of fulvic acid were P8 and P2 and the lowest intensities were detected for samples 
P9, P13 – P15. The high concentration of humic substances found in sample collected from the 
external lakes can be correlated with the input from surface runoff, bringing into the lakes the 
impurities from the shores and probably also, with excess vegetation.  
 
The M component displayed the highest fluorescence signal in the emission range of 380 – 
420nm, when excited with 310 nm wavelength. This maximum is associated with the recent 
production of humic substances and often appears as a small “shoulder” of the fulvic-like 
component. This was evidenced here by the fact that C and M peaks showed the same tendency 
(an increase of the C maximum lead to an increase of M, also). The highest contribution of the M 
peak was found in samples P8, P2 and P1, possibly due the fresh production of organic matter 
deriving from the decay of aquatic vegetation. Once more, sample P9 had the lowest 
concentration, followed by P15 and P13.  
 
The protein-like fraction, represented by the amino acids tryptophan, T and tyrosine, B was 
excited with 280 nm and exhibited the greatest fluorescence signal between 300 – 350 nm. The 
amino acids are indicators of the microbial activity within a water sample, the high fluorescence 
intensity of this fraction generally signifying bad water quality. Lakes P2 and P1 had the most 
intense protein-like signal, which can be explained by the household and industrial discharges 
being released into the waters. Samples P14 and P16 also had higher concentrations of protein-
like substances, probably related to the presence of restaurants and larger aquatic birds 
communities.  
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Figure 3: Standard chemical parameters of the lake water samples 
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From the acquired fluorescence spectra, several indices were calculated, in order to describe the 
nature of DOM in the chosen lake water samples. The humification index, HIX (Zsolnay, 2003) 
classifies DOM as a function of the relative proportions of humified and bacterial material. The 
biological index, BIX (Huguet et al., 2009) indicates the biological activity of aquatic DOM. The 
f450/f500 index (McKnight et al., 2001), is an indicator of the organic matter source in water 
systems, differentiating between microbially and the terrestrially-derived DOM.  
 
The graphical representation of the fluorescence indices is given in figure 4. HIX values ranged 
from 0.59 to 2.48, while BIX values varied between 0.76 and 1.31. These are very small 
variations and not enough to separate the samples into different classes. Both indices indicated 
the predominance of autochthonous DOM of microbial origin. Unlike HIX and BIX, the f450/f500 
values obtained (below 1.4) indicated terrestrially-derived DOM, probably due to a high input of 
organic matter coming from the slopes. This confirms previous statements that f450/f500 might not 
be very suitable for all types of water samples (Huguet et al., 2009). The reason behind this 
seems to be that this index was created to describe the fulvic-like substances, and could not 
describe very accurately water samples in which DOM derives from a variety of sources and 
samples which could contain important quantities of non-humic substances.  
 
The fact that HIX and BIX indicated generally a low contribution of humified material and a 
stronger, predominantly bacterial origin of DOM in lakes is not surprising. Lakes are not very 
ventilated systems; most of them have a flow of only 1-2 m/s, which favours an increased 
activity of the protein-like components of DOM. Also, most of these lakes are influenced by 
surface runoff, aquatic vegetation and birds and illegal waste waters dumping, which increase the 
microbial degradation of the water bodies.  
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Figure 4: Variation of the fluorescence indices: a) the humification, b) the biological and c) the f450/f500 index 
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Another indicator of the lake water quality is the chlorophyll-a production. This is related to the 
eutrophication level of a lentic system, which can be influenced by antropic inputs (mainly waste 
water discharge) and surface runoff. The fluorescence signal of chlorophyll-a can be detected at 
680 nm emission, when using an excitation wavelength of 420 nm. Figure 5 illustrates the 
fluorescence intensity of chlorophyll-a, for all 16 lakes analyzed. According to this graph, the 
most eutrophic lakes are P1, P3, P2, P4, P8 and P14. This was also suggested earlier by the high 
concentrations of humic-like substances found for these samples.  
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Figure 5: Chlorophyll – a levels in the urban lentic systems 

Degradation of the water quality was observed for lakes which are close to individual residential 
areas (P1 – P8) as compared with lakes surrounded by green spaces or collective residential areas 
(P9 – P16). Generally, it could be noted that the external lakes (P1 – P8) had higher 
concentrations of dissolved organic matter, as opposed to the internal lakes. Sample P9, with the 
lowest DOM concentration was characterized by the smallest values of ammonia, COD and 
nitrates and also had the least degree of eutrophication. The strongest fluorescence signal, of all 
major fluorophores, was detected for the eutrophic lakes which are closest to the entrance to the 
city, P1, P2 and P3. Correlated with the facts that these lakes were characterized by high values 
of the chemical parameters (COD, nitrates, ammonia, dissolved oxygen) and that they were 
ascribed to the third general water quality (Official Monitor of Romania, 2006), it could be 
concluded that high concentrations of dissolved organic matter generally indicate a bad 
ecological status of the water body.  

CONCLUSIONS 
From the analysis of chemical and fluorescence data of water samples from Bucharest lakes, it 
was found that external lakes have worst ecological status than the internal lakes. This could be 
explained by the fact that these lakes are subjected to the negative influence of the individual 
residential areas in their proximity, not connected to the sewerage system, opposing the internal 
lakes, which are surrounded by parks and collective residential areas and which are arranged 
only for leisure activities. The obtained results are important because of the ever growing need to 
protect and conserve the natural resources, including urban lentic ecosystems. This task can be 
facilitated by the rapid, accurate assessment of the water quality of these systems. The 
fluorescence response of the lake water samples analyzed here revealed similar features as the 
standard chemical analysis, leading to the idea that fluorescence could be used as pre-analysis 
method for the rapid assessment of the ecological state of urban lentic systems.  
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Abstract 
Cyanobacteria, whose blooms frequently occur in urban lakes, can produce toxic 
substances, disrupting water uses, causing health problems and decreasing the ecosystem 
biodiversity. In order to study the impacts of watershed changes on cyanobacteria 
dynamics, a modelling approach in which an ecological lake model is connected to a 
hydrologic watershed model is proposed. To validate this approach, two study sites, in 
contrasted regions (climate, land-use...) were selected: Lake Enghien (France) and Lake 
Pampulha (Brazil). In the first part of the paper, the results of the lake model, compared 
to high-frequency data collected in Lake Enghien, are presented. In the second part, the 
methodology proposed to connect the lake model and the watershed model is explained 
for Lake Pampulha. The high-frequency data provide understanding about poorly known 
processes in lake functioning. Furthermore, the integrated modelling allows studying the 
lake response to different scenarios of the watershed evolution. 

Keywords 
Urban lake; cyanobacteria modelling; hydrologic watershed modelling; high frequency 
measurements 

INTRODUCTION 
Urban lakes are frequently man-made, small and shallow water bodies, highly influenced by 
land-use changes in their watersheds and by urban stress as industry, traffic, waste and drainage 
systems (Friese et al., 2010; Meyer and Likens, 2009). Worldwide, ponds and lakes located in 
urban regions performed several essential functions for the sustainable functioning of cities: 
storing rainwater and reducing rainfall peaks; providing suitable aquatic and terrestrial habitats 
for a variety of wildlife; providing sport and recreation spaces; performing amenity and 
aesthetics function and often representing true heritage values. In addition, if examined within 
the context of global climate changes, these water bodies help to reduce the extremes of 
atmospheric temperature in the cities (Spronken-Smith & Oke 1999). 
 
Despite the importance of small shallow lakes in urban centres, research has mainly focused on 
large and deep lakes (Scheffer 1998). Only recently, as the ability of urban aquatic ecosystems to 
provide services that benefit humans has been reduced, restoration projects have been begun in 
many cities supported by scientific studies that aim to investigate urbanization impacts in lake 
functioning (Stoianov et al. 2000, Havens et al. 2001, Ruley & Rusch 2004, Meyer & Likens 
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2009). Furthermore, only recent studies have taken into account the impacts on urban aquatic 
ecosystems caused by global changes as climate change (Trolle et al. 2010).   
 
Meteorological forcing governs many of the physical aspects of lake ecosystems (e.g. lake 
temperature and its stratification) which affect the physiology, life story and development of 
phytoplankton and fish communities (Blenckner et al. 2007). Phytoplankton communities, 
especially cyanobacteria, play a key role in urban aquatic environments since they are potential 
producers of toxic substances, which disrupt water uses and causes health problems (Huisman et 
al. 2005). The effects of climate change on the physical and ecological dynamics in lakes can be 
diverse, and individual lakes may respond very differently to changes in climate (Mooij et al., 
2005; Tanentzap et al., 2008). Although, it is generally expected that global warming will 
increase productivity in most lakes and favour cyanobacteria blooms by (Paerl & Huisman 
2008): (1) rising water temperature, since cyanobacteria normally growth better at high 
temperature than other phytoplankton species; (2) lengthening optimal growth periods, it means, 
earlier stratification in spring and later destratification in autumn; (3) affecting patterns of 
precipitation and drought which can intensify surface and groundwater nutrient discharge into 
water bodies and increase water residence time. 
 
On the other hand, growth in population and urbanization has intensified exchange of nitrogen 
and phosphorous between lands and surface water, which increases the intake of nutrients in 
aquatic environments and contributes to accelerate their eutrophication (Meyer and Likens, 
2009). Increasing impervious area in the catchment basin raises runoff in volume and speed, 
causing greater carrying capacity and greater nutrient load to aquatic receptors. This excessively 
availability of nutrients results in unnatural high primary productivity and phytoplankton blooms 
can be expected. According to Tsihrintzis et al. (1998), urbanization results in an increase of 
pollutant loads by at least one order of magnitude over natural catchment conditions. In urban 
regions, nutrient load traditionally comes from two sources: point sources, as municipal and 
industrial wastewater and; non-point sources, as atmospheric deposition and drainage water. 
Point loadings are usually easy to determinate, since they do not depend on stochastic process as 
precipitation and temperature. By contrast, non-point loadings are difficult to estimate accurately 
due to the stochastic hydro-chemical processes and the heterogeneous of soil properties and 
vegetation (Nikolaidis et al., 1998). It should be noted that non-point source pollution comprises 
a significant portion of nutrient loads that impair freshwater ecosystems. In 1992, a report of the 
US Environmental Protection Agency (EPA) has placed urban storm water runoff as the second 
largest source of impairment of lakes and estuaries (Tsihrintzis and Hamid, 1998).  
 
Actually, there is a strong need to investigate the links between the ecological lake functioning 
and watershed changes (land-use and climate changes). Modelling approaches can predict future 
scenarios, which can be very helpful to estimate lake response to different environmental 
management strategies or to different global changes. This paper presents a modelling approach 
in which an ecological lake model is connected to a hydrologic watershed model to study the 
impacts of watershed changes on cyanobacteria dynamics in urban lakes. In the first part, the 
results of a cyanobacteria dynamics model are presented in a temperate lake. In a second part, 
the methodology used to link the ecological lake model and the hydrologic watershed model is 
explained for a tropical lake. 

METHODS 

Lake ecological model 
In limnology modelling, quite frequently, hydrodynamics models are coupled to water quality 
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ecological models: the first ones take into account physical processes of transport and mixing in 
the water column, while the last ones are responsible for representing the main chemical and 
biological processes that affect phytoplankton and higher trophic levels (Hamilton and 
Schladow, 1997). This type of coupled model was used in this study in order to simulate 
cyanobacteria dynamics in an urban shallow lake, located in temperate region.        

Study site 

Lake Enghien-les-Bains is located in France (Val-d'Oise), 11 km north of Paris (48°58’N, 
2°18’E, see Figure 1). It is an urban shallow lake that plays a significant role in the stormwater 
management of its watershed by storing up to 100,000 m3 of rainwater. The main physical 
characteristics of the water body are listed in Table 4. Besides rainwater, the lake receives 
wastewater discharges from inappropriate connections in the stormwater network, resulting in 
water quality deterioration. According to Quiblier et al. (2008), water quality monitoring 
revealed that Lake Enghien is affected by blooms of Planktothrix agardhii, chlorophyll-a (below 
chl-a) concentration exceeding 350 μg chl-a.L-1 in midsummer (50 μg chl-a.L-1 is the threshold 
recommended by WHO for swimming prohibition). 

Deterministic model 

The deterministic model DYRESM-CAEDYM (DYCD was developed by the Centre for Water 
Research - CWR at University of Western Australia) was adopted for simulating cyanobacteria 
dynamics in Lake Enghien. DYRESM is a one-dimensional hydrodynamics model for predicting 
the vertical distribution of temperature, salinity and density in lakes and reservoirs. DYRESM 
can run either in isolation for purely hydrodynamics studies or coupled to CAEDYM, for 
investigations involving biological and/or chemical processes normally associated with water 
quality such as nutrient cycling studies, algal succession studies, food-web investigations, 
pathogen dynamics investigations, suspended solids studies, and toxic metal studies (Hamilton 
and Schladow, 1997). The input data required to DYCD are: lake morphometry, inflows 
(including inflow water quality), outflows, meteorological forcing (wind speed, air temperature, 
solar radiation, rainfall, cloud cover and vapor pressure), and the initial conditions for 
cyanobacteria biomass, nutrient concentrations, dissolved oxygen and water temperature (see 
Figure 4).  
 

 

Figure 1. Lake Enghien-les-Bains location and its surrounding. 
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Table 4. Main physical characteristics of Lake Enghien-les-Bains 
 

Lake Watershed 

Mean depth Max. depth Area Volume Area Population 

1.3 m 2.65 m 41 ha 534,000 m3 54 km2 ~200,000 inh. 

 

Data 

Most data necessary to run DYCD were obtained from a freshwater-adapted measurement buoy 
installed on the lake in November 2008 within the PROLIPHYC project (Monitoring system of 
phytoplankton blooms - application to cyanobacteria, funded by the French National Agency for 
Research, ANR-PRECODD). This buoy was equipped with meteorological sensors and 
immersed probes for measuring water quality parameters such as dissolved oxygen, water 
temperature, pH, conductivity, total chl-a and chl-a correspond to four different groups of 
phytoplankton: cyanobacteria, chlorophyta, diatoms and cryptophyta. The measurements were 
performed in every 30 min at a depth varying from 0.50 to 1.0 m (for water parameters) and 
daily transmitted through GPRS protocol to a database. More technical details about 
measurement buoy sensors and probes are described in Silva (2010). 

Modelling approach 

DYRESM was coupled to CAEDYM to run a simplified simulation of water temperature and 
phytoplankton biomass, taking into account only one phytoplankton group (cyanobacteria) that 
was the dominant group throughout the year 2009. DYCD has been successfully applied and 
validated since its development in many lakes/reservoirs around the world (Gilboa et al., 2009; 
Hornung, 2002; McDonald and Urban, 2010), however, as far as we are aware, DYCD has been 
employed only in multi-year simulations (3 to 20 or more years) to provide means of predicting 
seasonal and inter-annual variability of lakes. In this paper, DYCD was used to simulate 
cyanobacteria dynamics throughout short time intervals (about 15 days). The thermal and 
ecological model was manually calibrated from 1 to 16 June 2009, period corresponding to the 
first cyanobacterial bloom of the year.  

Results 

The calibrated model was applied to simulate the period from 3 to 18 July 2009, in which 
cyanobacteria chl-a concentration reaches its maximum value over the year (358 μg chl-a.L-1). 
Model results show good agreement with measurements of water temperature and chl-a 
concentration. The high frequency of data acquisition provides a very rigorous assessment of 
model performance since its results were compared with buoy measurements at hourly time-step. 
Comparing the results of this modelling with other lake studies carried out with DYCD supports 
this assertion (Burger et al., 2008; Gal et al., 2009). DYCD model can be considered validated 
for simulating cyanobacteria dynamics in a shallow urban lake, for short-term simulations (few 
weeks). The results for calibration and validation simulations are presented in Figure 2. 

Integrated modelling approach 
The methodology applied to implement the integrated modelling approach proposed in this paper 
is described below. DYCD already validate in a temperate urban lake, will be tested on a tropical 
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urban lake. In addition, DYCD will be connected to a hydrologic watershed model aiming to 
design future scenarios of watershed evolution (land-use changes, climate changes). 
 

 

Figure 2: Simulated (lines) and buoy measures (dots) for water temperature (a, b) and cyanobacteria chl-a 
concentration (c, d). Simulation period: 1 to 16 June (a, c) and 3 to18 July (b, d). 
 

Study site 

Pampulha dam (also called Lake Pampulha) is an artificial lake located in north-eastern part of 
Belo Horizonte city in Brazil (19°55'S, 43°56'W, see Figure 3). The main physical characteristics 
of Lake Pampulha are listed in Table 5. Lake Pampulha is feed by eight small streams (Figure 3), 
Sarandi and Ressaca streams being the most important (70% of the total water income in the 
reservoir) and also the most polluted (Friese et al., 2010). Originally, Lake Pampulha was built 
to supply drinking water to the city, however, since the 70s, the water quality has been impaired 
as consequence of the rapid watershed urbanization with neither sanitation infrastructure nor 
erosion control. Nowadays, lake silting and reduction of its storage capacity, water 
eutrophication and consequent increase of primary production with episodes of cyanobacterial 
blooms and excessive growth of macrophytes are the main problems to be faced in Lake 
Pampulha. Despite the degraded water quality, Lake Pampulha is an important tourist hot spot, a 
recreational and sportive space for inhabitants and it helps on the control of flood by storing 
rainwater. 

Methodology 

A measurement buoy similar to this one used in Lake Enghien will be installed on Lake 
Pampulha for monitoring water quality parameters in continuous: temperature, conductivity, pH, 
dissolved oxygen and chl-a. Meteorological forcing will be provided by a weather station located 
near the lake (National Institute of Meteorology - INMET).  
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Table 5. Main physical characteristics of Lake Pampulha 
 

Lake Watershed 

Mean depth Max. depth Area Volume Area Population 

16.2 m 5.1 m 197 ha 10 x 106 m3 98 km2 ~350,000 inh. 

 
 

Figure 3: Lake Pampulha location and its watershed (Resck et al., 2007). Tributaries: (1) Olhos d’Agua; (2) 
AABB; (3) Braunas; (4) Agua Funda; (5) Sarandi; (6) Ressaca; (7) Tijuco and; (8) Mergulhão. Outlet: (9) 
Pampulha. 
 
Concerning the watershed, the municipality of Belo Horizonte will implement on the two main 
tributaries of Lake Pampulha (streams Ressaca and Sarandi) and its outlet (stream Pampulha) 
measurement stations equipped with level sensors and rain gauges. Within MAPLU 2 project 
(Storm water management project, funded by the Brazilian Agency for Funding Study and 
Projects - FINEP), probes to measure at high frequency (5 min) flow, temperature, conductivity 
and turbidity of the streams will be installed on the same stations mentioned above, as well as 
automatic samplers to collect water for laboratorial analysis (BOD, TSS, VSS, NTK, NO3

-, Ptot, 
PO4

-3, metals and hydrocarbons). Data set will be achieved over two hydrological cycles, from 
2011 to 2013 and it will be used to feed, calibrate and validate the hydrologic watershed model, 
as well as the lake ecological model. The hydrologic model is a dynamic rainfall-runoff model 
that computes flows and non-point source nutrient from watershed runoff. In turn, the lake 
ecological model, DYCD, will take advantage of the hydrologic model results to simulate 
cyanobacteria dynamics (see Figure 4). 
 



WWW-YES-2011 proceedings (draft version) 

84 / 141 

 

Figure 4: Integrated modelling diagram: hydrologic modelling steps and DYCD inputs and output. 
 

Expected results 

Once calibrated and validated, both models will be used to propose different scenarios of 
watershed changes: on the one hand, meteorological changes as increasing in air temperature, 
changes in rainfall regime and in wind speed; on the other hand, intensification of land-use and 
expansion of impervious area leading to an increasing in the external loading of nutrients or 
improvements in the sanitary system of the watershed resulting in decreasing of external nutrient 
loading. Thus, lake response to these different scenarios will be simulated thanks to this 
integrated approach. Researches with similar goals have already been undertaken (Hornung, 
2002; Trolle et al., 2010), however, as far as we are aware, the continuous high frequency 
monitoring adopted in our approach will provide high temporal resolution of input data which 
can improve the accuracy of the model. This one will be able to take into account point-events as 
heavy runoff events, very common in tropical watersheds. 

CONCLUSIONS 
Water bodies inserted in urban areas represent a key role to overcome the challenge of the 
coming decades in urban centers: harmonize economic growth, social development, biodiversity 
conservation and preservation of ecosystems. Water managers need to take into account the 
effects of global changes in their strategies to restore lakes and reservoirs. Modelling physical 
and biological processes of Lake Pampulha and its watershed may not only help to guide its 
restoration strategy, but also that of other tropical water bodies in urban area, since it allows 
deeper understanding of phenomena occurring in an urban lake.  
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Abstract 
The potentially harmful phytoplankton bloom is a world wide problem that became 
frequent in the last decade. Microcystis aeruginosa is a toxic cyanobacterium that 
proliferates frequently in reservoirs deteriorating their water quality. Hence, a monitoring 
and warning system to forecast the risk of cyanobacteria proliferation became essential 
for lake managing. For that purpose, a one dimensional hydrodynamic (DYRESM) model 
coupled to an ecological model (CAEDYM) has been applied to simulate the growth of 
cyanobacteria colonies found in a French reservoir. As primary results the model was 
able to follow the trend of the cyanobacteria dynamics in the reservoir. 

Keywords 
Cyanobacteria; management; modelling 

INTRODUCTION 
Lakes and reservoirs are used for many purposes to complete human needs such as: drinking, 
agricultural irrigation, industrial and cooling water supply, sports or commercial fisheries, 
recreation and navigation. Reservoirs are often constructed for the specific purposes of flood 
control, power generation, agricultural irrigation, industrial and cooling water supply, sports or 
commercial fisheries, recreation, navigation and mostly for drinking purpose when the 
underground water are unsuitable or insufficient. 

Phytoplankton is microscopic, single-celled photosynthetic plants that use chlorophylls and 
carotenoids to absorb light for photosynthesis. The name “phytoplankton” consists of two Greek 
words meaning “plant” (phyto) and “wanderer” (plankton) meaning a  collective of organisms 
that are adapted to spend part or all of their lives in apparent suspension in the open water of the 
sea, lakes, ponds and rivers . Cyanobacteria are an important component of the pico-
phytoplankton in both marine and freshwater systems. They could be unicellular or colonial, 
lacking membrane bound plastids . Pigmentation of cyanobacteria includes chlorophyll a, blue 
and red phycobilins (phycoerythrin, phycocyanin, allophycocyanin, and phycoerythrocyanin), 
and carotenoids (Barasanti and Gualtieri 2006; Reynolds 2006).  

Protection of freshwater resources is of great importance. Reservoir water problems are either 
quantitative or qualitative. Karaoun reservoir (Lebanon) and Grangent reservoir (France) are 
important reservoirs that suffer from qualitative problem caused by harmful cyanobacteria in 
spring and summer period. 

Microcystis aeruginosa is the toxic cyanobacteria species that are frequent in these reservoirs, 
this cyanobacteria perturbates the drinking water supply, agriculture, swimming and energy 
production. They are colonial species that are common in nutrient enriched fresh water with low 
salinity. 
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Microcystis aeruginosa is characterized by spherical cells grouped in colonies with uniform 
mucilage. The colonies have many different forms: they can be spherical,cylindrical, entire or 
lobed and sometimes perforated (Bourrelly 1985). Colony size can reach several centimetres, 
while the size of a cell is between 0.8 and 10microns (Leitào and Couté avril 2005).  

In Lake Grangent, the local authority needs simple tools for early warning of phytoplankton 
proliferations. Hence, the Proliphyc research project was created, consisting of high frequency 
measurements by an autonomous wireless buoy, used as inputs for a model performing 
automatic forecasts of phytoplankton dynamics.  

Water quality models became a beneficial and essentially needed after the spread of 
eutrophication problem in many world reservoirs (Forsberg 1987; Canfield and Hoyer 1988) . 
These models range from zero dimensional models to three dimensional models. DYRESM-
CAEDYM (DYCD) is a one dimensional model that is suitable for numerical modelling of small 
and medium sized reservoirs, as in the case of Grangent and Karaoun reservoirs where the 
horizontal variation are less important than the vertical variation in the water body.  
The objective of the thesis is to understand the physical determinants of phytoplankton blooms in 
the Karaoun reservoir,that represents a typical example of water storage in Lebanon and 
Mediterranean countries. For achieving this objective the following tasks will be performed: (1) 
to verify the ability of DYCD to simulate cyanobacteria dynamics; (2) to build a reliable 
database, gathering the existing data and performing field surveys for completing the data set; (3) 
to model Karaoun’s thermal and biogeochemical functioning and (4) to provide 
recommendations for water management of the dam.  
 
The predictive capabilities of an ecological model depend greatly on the accuracy and 
availability of data for input to the model. In order to validate the model, experimental 
measurements had to be performed regularly to provide all the input data needed for DYRESM-
CAEDYM functioning.  
 
The first objective of the thesis, presented in this paper, is to verify if the one-dimensional 
deterministic DYCD model has the ability to perform short-term simulations of cyanobacteria 
dynamics. For that purpose, we applied DYCD to the Grangent reservoir were the PROLIPHYC 
monitoring and warning system was implemented. The Proliphyc system is an autonomous buoy 
that performs meteorological measurements and includes profilers with underwater sensors. 
Measured data are transmitted daily by GPRS to the onshore laboratory to be treated and used by 
DYRESM-CAEDYM to perform the simulations. Based only on buoy measurements,  the 
cyanobacterial biomass has been simulated for the year 2010 after it has been validated for the 
year 2009. Achieving this work will provide a deep understanding of the modelling process. 

MATERIAL & METHODS 

Study sites 

Grangent reservoir 

Grangent reservoir (45.27°N; 4.15°E) located in Massif Central (France), in the upper part of 
Loire River, is a eutrophic reservoir that was created in 1957. Grangent is kept full in summer 
(Briand, Escoffier et al. 2009). It is used mainly for energy production, drinking and irrigation, in 
additional to bathing and nautical activities in summer (Latour, Salencon et al. 2007). The 
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reservoir has a surface area of 365 ha with a length of 21 km, a maximum depth of 50m and a 
capacity of 57.4 MCM. 
The average residence time for water varies from 16 to 32 days (Salençon 2004).  
 

 

Figure 5 Grangent  reservoir location in France 

Karaoun reservoir 

The Karaoun reservoir (33.34° N, 35.41° E) is the largest reservoir in Lebanon. It is located in 
Bekaa valley lying between the two Lebanese mountains ranges. It was constructed in 1965 
(Shaban and Nassif 2007) to hold back the Litani River (170 km length), the longest and largest 
river in Lebanon (Saad, Kazpard et al. 2006). The reservoir is a touristic site with fishing and 
sport activities. It has a surface area of 12.3 Km² with a maximum depth of about 45 m and 860 
meters elevation.  
The dam is 60 m high and 1350 m long. It stores up to 220 million m3 (Catafago), of which 160 
million m3 are used annually (for irrigation of 310 km2 of farmland in South Lebanon and 
another 80 km2 in the Bekaa valley, industry and hydropower) and 60 million m3 remain in 
storage over the dry seasons (Jurdi, Ibrahim Korfali et al. 2002). 
 

 

Figure 6 Karaoun  reservoir location in lebanon (Shaban and Nassif 2007) 
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Measurement methods for Grangent 
The predictive capabilities of an ecological model depend greatly on the accuracy and 
availability of data for input to the model. In order to validate the model, experimental 
measurements had to be performed regularly to provide all the input data needed for DYRESM-
CAEDYM functioning. For that purpose the PROLIPHYC monitoring and warning system was 
created. It is an autonomous system that performs meteorological measurements and includes 
profilers with underwater sensors. Measured data are transmitted daily by GPRS to the onshore 
laboratory to be treated and used by DYRESM-CAEDYM to perform the simulation (Le Vu, 
Vinçon-Leite et al., 2010). 
 

Table 6  PROLIPHYC monitoring and warning system 
 

Variables Time interval Depth Sensor name 
Temperature 
Conductivity 

Pressure 

 
Nke MPx multiprobe 

Dissolved oxygen Aanderaa 3835 optode 
Chlorophyll-a fluorescence 

 
 

30 min 

 
1 and 15 m in 2009; 
1 and 5 m in 2010; 

1 to 4 metric profiles a 
Day BBE-Moldaenke FluoroProbe100 

Air temperature 
Pressure 
Humidity 

Wind speed 
Rain 

 
 

Vaisala WXT520 

Solar radiation 

 
 

30 min 

 
 

1.5 m above water 
surface 

Kipp&Zonen CMP11 
 

Models 
DYRESM-CAEDYM is the coupled temperature and water quality model that was used to 
model the thermal and biological processes occurring on Grangent. It was designed by the Centre 
for Water Research (CWR), Australia (Hamilton and Schladow 1997). This model will also be 
used for Karaoun reservoir. 

DYRESM stands for Dynamic Reservoir Simulation Model. Its first application was on 
Wellington reservoir in Australia (Imberger 1978; Imberger 1981). Based on an assumption of 
one dimensionality (i.e. the variations in the vertical play a more important role than those in the 
horizontal direction), it simulates the vertical distribution of temperature, salinity and density in 
lakes and reservoirs (Yeates and Imberger 2003). The first application of this model was on 
Wellington reservoir in Australia.   

CAEDYM stands for (Computational Aquatic Ecosystem DYnamics Model). It is a 
multivariable aquatic ecological model that was designed to be linked to a hydrodynamic model 
like DYRESM.. It includes comprehensive process representation of the C, N, P, Si and DO 
cycles, several size classes of inorganic suspended solids, and phytoplankton dynamics. 
However, in our case we focused only on the cyanobacteria simulation (Hipsey 2007). 
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Figure 7: Representative schema of DYCD model run 

RESULTS AND DISCUSSION 

Field observations 
Analyzing meteorological conditions is essential to notice the variables that affect the 
phytoplankton group we are intending to model. Water temperature and wind speed have been 
found to be the main environmental factors controlling the initiation of cyanobacteria growth in 
Grangent (see Figure 8. The cyanobacterial biomass started in 26/06 while phytoplankton bloom 
started earlier in 22/06. Microcystis aeruginosa is the cyanobacteria species that are frequent in 
Grangent, its growth is known to be weak below 15 °C and optimal above 25°C (Yamamoto; 
Okino 1973; Chu, Jin et al. 2007) this explains their absence before 26/06 where the temperature 
ranged between 15 and 20 °C. 

Phytoplankton biomass was more affected by the wind speed that was high (above 5 m/s) before 
22/06. Their biomass was enhanced later by the increase of water temperature (after 22/06). 

Mixing and stratification affect the vertical distribution of cyanobacteria and phytoplankton in 
Grangent. Mixing was produced by the wind speed and the decrease in temperature at night 
causing a night mixing; this process can be observed by comparing the phytoplankton and 
cyanobacteria concentration at both 1m and 5m depths, where phytoplankton concentration at 
1m decreases with a simultaneous increase of phytoplankton at 5m depth  

The surface layer was mixed to 5m depth between 20/6 and 22/6 as a result of strong wind speed, 
this can be observed from the water temperature that was the same at both depths, suppressing 
the phytoplankton growth in that period, then stratification process became more established 
after 27/06, although it was interrupted by high wind speed in 01/07. 
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Figure 8 : Four variables: cyanobacteria concentration, phytoplankton concentration, water temperature, 
wind speed, air temperature. 

Simulation  
Simulations were performed over a period of 2 months ranging from 28th of June till 28th of 
August of the year 2010. 

The inflow and outflow were neglected because we lacked these data. But since only the 1m-
depth results are considered, it will not has a great effect since the river discharges at a average 
depth of 22 m thereby affecting the temperatures between 15 and 30m depth (Sellamie, 2010) 

For temperature modelling, the layer thickness and the incident light attenuation were calibrated, 
where a value of 45% of light attenuation coefficient had fit the best for the 2010 simulation. 

For biological simulation, the most important parameters were calibrated: maximum potential 
growth rate of cyanobacteria (1.5/day), light extinction coefficient (0.25), average ratio of carbon 
to chlorophyll a (180), optimal temperature (20 °C), and rate of light dependant migration 
velocity (0.3 m/hr). It is assumed that there is no variation in nutrient levels. 

Result interpretation 
The surface temperature varied between 20 and 24 °C, comparison between field and simulated 
temperature data are shown in figure 5. It is clear that the model has reproduced the variation in 
water temperature at 1 m depth showing a good model performance with an average mean 
squared error less than 1 °C. 
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In terms of cyanobacteria dynamics, although the field and simulated data show some 
discrepancy, the model was able to detect and follow both the increase and decrease of the 
cyanobacterial biomass. 

Between the 8th and 18th of July, a breakdown of the buoy data transmission occurred and we 
lacked data at that duration. Therefore, a comparison between field data and model results cannot 
be performed for this period. 

 

 

Figure 5 Results of the hydrodynamic model for 2010, a) temperature b) cyanobacteria 

CONCLUSIONS AND PERSPECTIVES 
The DYCD model has shown its capability to simulate cyanobacteria dynamics after it was 
applied successfully to Lake Grangent for 2 years (2009 and 2010). Until starting with field 
campaign and modelling of Karaoun reservoir we have a period of 2 months in which we are 
expecting to improve the simulation Grangent reservoir for the year 2010 by simulating two or 
more phytoplankton classes, modelling outside the summer period, testing the effect of 
management scenarios and modelling with the phosphorus cycle, to understand algal succession 
in the reservoir. 
 
Grangent reservoir was a good practicing tool for DYCD, all the input data that were used for 
DYCD were of high precision and with high frequency measurements. This is not the case for 
Karaoun reservoir, where we have low frequency measurements and there are many input 
variables to be measured. The hydrological data will be supplied by the Litani River Authority 
(LRA). But, there is no data base about the cyanobacteria biomass and temperature profiles for 
Karaoun Lake and this should be created carefully and with high precision. Our next target will 
be planning for an organized field campaign that would be from the mid of August till the mid of 
October. 

We have to propose and analyze management scenarios to limit the proliferation of 
cyanobacteria starting from the model.  The treatment of meteorological, hydrological and 
physiochemical data with the analysis of management procedures of Karaoun reservoir will 
allow us to reach a deterministic model of phytoplankton growth. This will be achieved by 
studying: 

• The influence of water withdrawal (for power production, irrigation…) on the dynamics 
of the phytoplankton in the reservoir. 
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• The role of winter rains on recolonization of sediment cyanobacteria on the water 
column. 

• Influence of drought on the risk of algal blooms in Karaoun reservoir. 
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Abstract 
In the last decades, the incidence of harmful algal blooms in surface waters has increased 
in frequency, severity and duration. Short and long term management approaches can 
address the problem of cyanobacteria blooms. A real-time, autonomous, monitoring 
program, coupled with a one dimensional deterministic model, was initiated for 
Missisquoi Bay, Canada in the summer of 2007. Preliminary results from  vertical 
profiles in a pelagic zone show a homogenous distribution of temperature, pH, 
chorophylle a concentration and cyanobacteria density. Phycocyanin measurements by an 
in vivo fluorescence probe show high cyanobacteria concentration varying between 1 X 
104 to 1 X 105 cell/mL. 

Keywords  
Cyanobacteria; lake; water; treatment; modeling 

INTRODUCTION 
Anthropogenic eutrophication of water bodies and its consequences are of concern especially in 
waters used for recreation or as sources of drinking water(VASCONCELLO, 2006). High 
nutrient inputs, mainly phosphorus and nitrogen in their diverse forms, cause excessive algal 
growth and make freshwater lakes more vulnerable to the occurrence of cyanobacteria, also 
known as blue-green algae (BGA). Because highly toxic cyanobacteria can produce toxins, these 
microorganisms pose a significant threat to the quality of water (BARTAM and CHORUS, 
1999). 
 
Specific strategies to address algal bloom problem in lakes depends on numerous considerations 
such as properties of the lake (size, depth, currents, physico-chemical and biological 
characteristics, etc), users, available budgets and activities in the watersheds. Lake management 
approaches can be classified into two categories: short-term management and long-term 
management.  
 

mailto:ml.deboutray@polymtl.ca
mailto:yves.comeau@polymtl.ca
mailto:sarah.dorner@polymtl.ca
mailto:bvl@cereve.enpc.fr
mailto:bruno.tassin@cereve.enpc.fr
http://www.agroparistech.fr/-Sciences-et-Ingenierie-.html
mailto:bruno.lemaire@cereve.enpc.fr


WWW-YES-2011 proceedings (draft version) 

96 / 141 

In-lake treatments such as artificial mixing, ultrasound and algicides are short-term treatments. 
Mechanical and physico-chemical methods have been devised in attempts to manage 
cyanobacterial blooms, with limited success (GUMBO et al., 2008). Algicides such as copper 
based products (copper sulphate (HAVENS, 1994) or organo-copper (COOKE et al., 2005; 
TUBBING et al., 1994)), Reglone A (diquat, 1,1-ethylene-2, 2-dipyridilium dibromide) (LAM et 
al. 1995), potassium permanganate, simazin (2-chloro-4,6 bis(ethylamino)-s-triazin) (LAM et al., 
1995), titanium dioxide (LOVERN and KLAPER, 2006) induced cyanobacterial cell lysis, 
followed by the release of toxins into surrounding waters. These chemicals are toxic to other 
aquatic microorganisms, may accumulate in the sediment at harmful concentrations and may 
cause long-term damage to the lake ecology (MASON, 1996). Moreover, public acceptance of 
algicides is continuously decreasing because of their toxic by-products and their adverse 
ecological impact. Thus the control of harmful algal bloom by biological means is strongly 
encouraged. 
 
Augmentative biological control or bioaugmentation is the practice of enhancing the populations 
of predators to help in regulating the populations of the pest in its natural habitat (GUMBO et al., 
2008b). Many aquatic species such as fish (FIGUEREDO, 2005; JANCULA et al., 2007), 
protozoa (CANTER et al., 1990; PAJDAK-STOS, 2001), fungi (REDHEAD and WRIGHT, 
1978), bacteria (REIM et al. 1974; NAKAMURA et al., 2003a,b) and viruses (BERGH, 1989; 
SUTTLE, 1990; YOSHIDA, 2006) have been considered and studied to limit cyanobacteria 
potential growth. Most of bloom-forming cyanobacterial species form colonies 
(OBERHOLSTER, 2006), which discourage protozoan grazing and fish predation. Therefore, 
the use of herbivorous fish and protozoa as bio-control agents is limited. Fungi are considered of 
restrained use because of the difficulties to produce them in large scale culture (REDHEAD and 
WRIGHT, 1978). Viruses would be very good biocontrol agents as they are target selective. 
However, bacteria are considered more suitable than viruses as biocontrol agents because they 
can survive on alternate food sources during non-bloom periods (GUMBO et al., 2006). 
Moreover, unlike viruses, they are not affected by mutations within their host because they don’t 
rely on specific receptors (RASHIDAN and BIRD, 2001 from GUMBO et al., 2006).  
 
Biodegradation of cyanobacteria cells have been clearly demonstrated by Nakamura et al. 
(2003). Effective biodegradation of microcystin has also been reported (JONES and ORR, 1994; 
BOGOSIAN and BOURNEUF, 2001; HO et al., 2006a;  HO et al., 2007). However, very few 
species of bacteria have been tested and the mechanisms of cyanobacterial degradation are not 
well understood. 
 
On the other hand, sophisticated monitoring programs have been developed to follow 
phytoplankton blooms on a longer period and to assist with effective management of 
cyanobacteria. In Europe, aquatic ecosystems are monitored according to the Water Framework 
Directive. This program requires that by 2015, lakes whose surface area is greater than 50 ha 
need to achieve a good ecological status (ECE, 2000). Thus, rapid and precise methods are 
needed in order to monitor water quality in lakes.  
 
Submersible in vivo fluorescence (IVF) profilers are commonly used for high frequency 
monitoring plans (LEE et al., 2005; BRIENT, 2008; MCQUAID, 2009). They are particularly 
suitable for monitoring cyanobacteria where the spatial heterogeneity of these microorganisms 
becomes a major problem (CAGNARD et al., 2006). Furthermore, they are simple detection 
methods, faster than conventional microscopy and do not require highly trained personnel to 
perform chemical analyses and biological characterization of samples (CAGNARD et al., 2006; 
GREGOR et al., 2007).  
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The PROLIPHYC project, funded by the French National Agency for Research (ANR) and 
launched in 2007, aims at developing a real-time, autonomous, monitoring system to assess 
phytoplankton blooms. It is composed of a freshwater measurement buoy equipped with 
meteorological sensors and immersed probes. Data are recorded with a 15 min. time step and 
automatically downloaded to a database. The data are then analyzed and integrated into 
predictive modeling to develop an early warning system for phytoplankton bloom. This online 
monitoring system has been successfully tested in three French lakes: an alpine lake (Bourget), a 
large dam lake (Grangent) and a small urban lake (Enghien). 
 
This joint Canadian-French research project aims at a deeper understanding of the physical, 
chemical and biological determinants of BGA bloom. It presents two innovative approaches to 
respond to cyanobacterial bloom at two different space scales. The first part (1) introduces the 
use of specific antagonist bacteria against cyanobacteria Microcystis aeruginosa in  laboratory 
experiments for the development of a new treatment for responding to HAB, while the second 
part (2) proposes a long-term water quality monitoring system coupled with  one dimension 
modeling, developed within the PROLIPHYC project, and adapted to a Canadian lake. 
 
The development of the biological treatment contains confidential information; therefore, this 
part will not be display in this paper. Preliminary results from the data collected during summer 
2010, in Missisquoi Bay (Quebec, Canada), will be presented. The one dimension modeling is 
undergoing and will only be briefly presented. 

MATERIAL & METHODS 

Study site 
Missisquoi Bay is situated in the northeastern part of Lake Champlain which flows from 
Whitehall (New York, U.S.), across the U.S./Canadian border to its outlet, the Richelieu River in 
Canada (BALLINGER, 2004). The bay has a surface area of 77 km2 and a maximum depth of 4 
m. The mouth of the bay, at the southern end, is delimited by two causeways, extending from 
each shore and a bridge section of 170 m (MENDELSOHN, 1997). Missisquoi Bay has three 
major tributaries: Missisquoi River, Pike River (also called Rivière-aux-Brochets) and Rock 
River which drain a watershed of 3 105 km2. Due to high turbidity and  excessive concentrations 
of nitrogen (N) and phosphorus (P), the environmental department of Quebec (MDDEP) has 
classified water quality from these tributary rivers as “poor” or “very poor” (SIMONEAU, 
2007). Missisquoi Bay is also a source of drinking water for 4100 residents. Because of the high 
nutrient loading, this northern shallow freshwater bay experiences recurrent toxic cyanobacteria 
blooms during the summer months. 
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Figure 9: Missisquoi Bay study and sampling locations (adapted from www.icsd.k12.ny.us and 
www.maps.google.ca) 

Continuous water monitoring and vertical depth profiles 
In 2007, a real-time monitoring program was developed and implemented in Missisquoi Bay, 
using an online multi-probe system.  The system was an on-line 66000V2-4 multi-probe from 
YSI (YSI, yellow Springs, Ohio, USA). YSI probes were chosen because of their relatively low 
cost making them more likely to be used by small municipalities than other more expensive 
probes using similar technology (MCQUAID, 2009). The multi-probe system consists of eight 
sensors: temperature (T), depth, conductivity, turbidity, pH, dissolved oxygen, chlorophyll 
fluorescence and phycocyanin fluorescence.  
 
Extensive field data have been acquired during the summer period, from 2007 to 2010. A probe 
was installed inside the drinking water treatment plant to monitor raw water and recorded 
measurements every hour. The probe was in service from August to early November in 2007, 
from May to October in 2008, from June to October in 2009 and from July to late November in 
2010. Data were downloaded once week. Another probe was used to measure vertical depth 
profiles above the DWTP’s intake point and in the pelagic zone, once or twice a week. 

Calibration and field samplings 
The probes were calibrated once a month. For pH, turbidity and conductivity, the sensors were 
calibrated with purchased standard products from the manufacturer. For chlorophyll, dissolved 
oxygen and phycocyanin sensors a one point calibration with de-ionized water was done 
according to the user manual of the manufacturer. Depth and temperature readings were 
compared with respectively a light depth probe and a thermometer.  
 
At the same time depth profiles were conducted, water samples were taken in duplicates every 
meter in clean 500 mL plastic bottles for chemical analysis and biological extractions, and in 
sterile 20 mL vials for taxonomic counts and toxins analysis. Raw water samples were also 
collected in duplicate inside the DWTP. Bottles and vials were rinsed three times with sampled 
water before they were filled completely and tightly closed. Lugol’s iodine was added in vials 
for taxonomic counts according to LUND et al. (1958). All samples were preserved on ice in 
coolers for transport and processed later the same day. Samples for microcystin analysis were 
frozen at -15ºC. 

http://www.icsd.k12.ny.us/
http://www.maps.google.ca/
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Biological and chemical analyses 
Vials with Lugol’s iodine were sent to Quebec Environmental Analysis Expertise Centre and to 
Université du Québec à Montréal’s (UQAM) Biological Sciences department for species 
identification, taxonomic counts, biomass and biovolume calculations using inverted microscopy 
according to LUND et al. (1958).  
 
Microcystin LR was monitored using ELISA kits (Abraxis, Warminster, Pennsylvania, USA). 
Water samples were filtered through a Whatman GF/C glass filter before freezing. Total intra 
and extra cellular toxins were measured after three thaw cycles to lyse cells.  
 
Chlorophyll-a and phycocyanin extractions were performed according to Standard Methods 
(APHA et al., 2005).  
 
Field samples were also analyzed for total phosphorus (TP), total Kjeldhal nitrogen (TKN), orto-
phosphate (o-PO4) and nitrate/nitrite (NOx). All chemical analyses were carried out according to 
Standard Methods.  For TP and TKN determination, 5 mL H2SO4 were added to 20 mL water 
samples. o-PO4 and NOx determinations were carried out on filtered samples. 

One dimension modeling 
The study uses the one-dimensional coupled hydrodynamic-ecological model DYRESM-
CAEDYM for the simulation of phytoplankton dynamics. The model simulates the temporal 
course of vertical temperature and salinity distribution, and quantify the feedback from the algal 
population to the thermal structure of the lake. Expected results will yield information to assess 
cyanobacterial blooms occurrence. 

RESULTS AND DISCUSSION 
Depth profiles using the multiprobe were used to understand the spatial distribution of 
cyanobacteria throughout the water column. Depth profile made on July 20th, 2010 in a pelagic 
zone indicated homogenous distribution for T and pH (Figure 1). Concentration of chl-a and 
cyanobacteria were also relatively uniform.  

 

Figure 1: Depth profile of cyanobacteria density, pH, temperature and chl-a concentration in the middle of 
the bay, on July 20th 2010. 
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A previous study by MCQUAID (2009) has highlighted that in this shallow bay, turbulent 
mixing of the water matrix, due to wind and waves, caused relatively homogenous distribution of 
phycocyanin readings. Temperature, pH and chl-a concentrations also follow similar trends. 
However, on July 20th wind speed was low and never exceeded 9 km/h (Figure 2).  
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Figure 2: Mean hourly wind speed on July 20th 2010 at the weather station of Frelighsburg. 
Data from the Climate Weather Office of Environment Canada. 
 
This unusual profile can be explained by considering wind and precipitation of the three previous 
days (Table 1). Strong winds on July 17th and 18th have mixed the water. Mixing of the water 
was also facilitated by the near uniform temperature from top to bottom (Figure 1) and the 
shallowness of the bay. In addition, abundant rain on July 19th swelled the tributary rivers. The 
important water inflows may have created strong currents that also contributed to mixing in the 
bay. 

Table 1: Total rain and speed of maximum guts, from July 17th to 20th 2010 at the weather station of 
Frelighsburg. Data from the Climate Weather office of Environment Canada. 
 

 Date 
Parameters 07-17-10 07-18-10 07-19-10 07-20-10 
Rain (mm) 1.6 0.2 12.6 0 
Speed of maximum guts (km/h) 43 32 < 31 < 31 

 
High concentrations of cyanobacteria (between 1*104 and 1*105 cell/mL; figure 1) and 
homogenous density profiles increased the risk that toxic cyanobacteria entered the DWTP 
through the water intake situated at the bottom of the bay, thereby creating a more difficult 
situation for operators of the DWTP to ensure that less than 1µg/L of microcystin is present in 
water, according to the World Health Organization guidelines and standards for cyanotoxins in 
treated drinking water. 

CONCLUSION 
Preliminary results from this study demonstrated that real-time monitoring system was useful to 
better understand the spatial distribution of cyanobacteria and to detect high risk situations. Thus, 
real-time, autonomous monitoring program can provide reliable information for DWTP operators 
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and help them anticipating cyanobacteria bloom and adjusting their treatment. Such a system can 
also assist lake managers in decision making. 
 
Globally, most countries have experienced or routinely experience cyanobacterial presence in 
surface waters (CODD, 2005). The availability of information is, however, highly variable. In 
North America, some parts of Europe, Australia, New Zealand and highly developed parts of 
Asia the access to scientific and management information and reports is relatively easy. It is 
more complicated in much of Africa and for parts of Latin America and Asia. Awareness of the 
threats posed by eutrophication, and its consequences for health and water supply, is limited or 
non-existent in many developing countries (CODD, 2005).The presence of cyanotoxins is not 
commonly reported in all countries. The non-reportingof cyanotoxins, may be due to the non-
availability of the necessary facilities and skills (CODD, 2005). 
 
Long-term monitoring programs with sophisticated tools are relatively costly. Therefore they are 
mostly used in developed countries and are generally not accessible to developing countries. 
However, both in developed and developing countries, the availability of monitoring and 
analytical facilities, appropriately trained personnel and facilities capable of undertaking reliable 
cyanobacterial identification and enumeration, are severely under-resourced (CODD, 2005). 
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Abstract 
Alkylphenol ethoxylate (APEOs) and bisphenol A (BPA) are well known as endocrine 
disrupting compounds. Among sources of these compounds within receiving waters, 
wastewater treatment plant effluents have been widely studied. However, Although 
APEOs and BPA are regularly quantified within wastewater and to a lesser extent in 
runoff, few studies deal with their discharges by combined sewer overflows. In this 
context, this study was launched to investigate the concentrations and the mass loads 
discharged per year by CSO in the Seine River. Therefore, discharges occurring at the 
one of the most important CSOs of Paris conurbation from June to November 2010 were 
sampled. During this period, eight events were collected by automatic samplers and even 
mean sample were analyzed in laboratory using liquid chromatography coupled to a 
tandem mass spectrometry. The first results highlight an important contamination of 
CSOs by BPA and levels of APEOs close to those reported in wastewaters. At the 
annually scale and according to our mass load calculation, CSOs do not appear as a 
relevant source of BPA and APEOs within the Seine River.  

Keywords 
Bisphenol A; nonylphenol; octylphenol; combined sewer; overflows 

INTRODUCTION 
During the last two decades, alkylphenol ethoxylates (APEOs), mainly composed of nonylphenol 
ethoxylates (NPEOs, 80%) and octylphenol ethoxylates (OPEOs, 20%), were regularly pointed 
out by the literature. APEOs are of concern because their biodegradation products, 4-
nonylphenol (4-NP) and 4-tert-octylphenol (4-t-OP) have endocrine disrupting properties and 
can also affect aquatic wildlife (Brian et al. 2007). APEOs are used in a large amount of 
industrial, domestic and commercial applications such as detergents, lubricating agents or oil 
additives. Similarly, bisphenol A (BPA), recognized as endocrine disrupter (Wetherill et al. 
2007), is mainly used as a monomer in the manufacture of polycarbonate plastics or epoxy 
resins. Owing to these different uses, the annual consumption of APEOs were evaluated about 
500,000 tons per year in 2002 (Ying et al. 2002), and about 450,000 tons per year for BPA 
according to Vandenberg et al. (2007). Due to their endocrine disrupting properties, occurrence 
and behaviour of these pollutants within wastewater treatment plants (WWTP) and surface water 
are well documented (Ahel et al. 1994; Cailleaud et al. 2007; Giger et al. 2009). 
 
Many old capital cities as Paris (London, New York city, Washington) are drained by combined 
sewer systems. During wet weather, wastewater and city runoff are combined and transferred to 

mailto:Mathieu.cladiere@leesu.enpc.fr
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WWTP. However, during huge storm events, combined sewer flows could be higher than 
treatment flow capacity of WWTP and lead to combined sewer overflows (CSOs). As a result, 
combined wastewater and runoff are directly discharged, generally without any treatment, into 
surface waters. To the best of our knowledge CSOs are known as an important source of 
pollutants into surface waters (Gasperi et al. 2010) and more especially for pollutants highly 
removed by WWTP  such as APEOs and BPA (Weyrauch et al. 2010). Unfortunately, even if 
pollutants are regularly detected in wastewater and runoff water (Jackson and Sutton 2008; 
Björklund et al. 2009), few studies deal with concentrations and loads of these pollutants within 
CSOs and impact of these events on surface water quality (Gasperi et al. 2008; Musolff et al. 
2010). To fulfill this lack, the present study, supported by the OPUR research program, focuses 
on concentrations and mass loads discharged by CSOs in the Seine River at one of the most 
important combined sewer outfall of Paris conurbation sited in Clichy. On a second step, the 
total mass loads discharged during small, medium or high CSO events were compared to the 
total daily loads of the major WWTP of Paris conurbation (account for 80% of treated water 
released into the river) and the daily loads exported by the river. Finally, annual loads of APEOs 
and BPA discharged during CSOs were estimated and then compared to annual loads of these 
pollutants exported by the Seine River to the downstream part of its basin. 

MATERIAL & METHODS 

Site characterization and sampling procedure 
In order to study concentrations of pollutants within CSOs, 8 events were collected at Clichy 
outfall, sited downstream of Paris city (Figure 1) from June to November 2010. The volume 
discharged profile for these eight events are shown in Figure 1, and the main characteristics such 
as total volume discharged (m3), conductivity (µS.cm-1) and the wastewater proportion based on 
the conductivity measurement are reported in Table 1.  
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FIGURE 1: Sampling site and profile of CSO events sampled 
 
Samples were collected by an automatic sampler linked to the trigger mechanism of the outfall 
pump, at fixed time step (five minutes) during a total sampling period of three hours. The 
automatic sampler was outfitted with twelve 1L glass bottles (fifteen minutes to fill one bottle).  
A manual mixing of the bottles proportionally to the flow volume was then performed to 
constitute a flow-weighted mean sample representative of the whole rain event. 
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Table 1: Main characteristics for the eight CSO events sampled 
 

Dates 06/06 12/07 14/07 08/09 24/09 26/09 08/11 09/11 
Volume 
(m3) 34,600 426,400 1,001,300 38,000 279,300 144,000 42,000 285,900 

Conductivity 
(µS.cm-1) 449 284 201 380 260 346 451 374 

% 
wastewater 35 - 39 16 - 21 6 - 11 27 - 31 13 - 18 23 - 27 35 - 39 26 - 30 

 
The total volume discharged, at Clichy outfall, during the eight CSO events sampled ranged 
from 34,596 m3 on the 6th June to more than 1,000,000 m3 on the 14th July 2010 (Table 1). The 
distribution of volumes discharged during these eight sampled events is in accordance with the 
distribution of volume discharged at Clichy outfall from the five last years. Indeed, during the 
five past years, 68% of CSO events were smaller than 150,000 m3 discharged, 26% were 
between 150,000 and 500,000 m3 and only 5% of events were higher than 500,000 m3 of 
combined water released into receiving water.   
 
Assuming that the conductivity of wastewater is close to 1,000 µS.cm-1 and runoff conductivity 
between 100 - 200 µS.cm-1, High and low hypotheses on wastewater proportion were determined 
according to the conductivity of each flow-weighted water sample. Thus, the proportion of 
wastewater to CSOs ranged from 6-11% on the 14th July to 35-39% on the 8th November 2010 
(Table 1). For the eight sampled CSOs the proportion of wastewater is fairly well negatively 
correlated to total volume discharged (R² = 0.72). The higher the total volume discharged, the 
smaller the proportion of wastewater into combined sewer water. 

Dissolved phase extraction  
Flow-weighted mean samples were filtered through a 0.45 µm porosity glass filter, in order to 
separate dissolved and particulate phases. After filtration, 100 ml of dissolved phase was spiked 
with 50 µl of an internal standards mixture (BPA-d6; n-OP-d17 and NP1EO-d2) for extraction 
follow-up and stored overnight at 4 °C to reach an equilibrium state. The extraction was 
performed on an Autotrace SPE Workstation (Caliper LifeScience) using an Oasis HLB (200 
mg, 6 ml) cartridges. Firstly, the cartridges were conditioned with 10 ml of methanol and 10 ml 
of ultrapure water, and then samples were extracted at 5ml.min-1 and neutral pH. After drying the 
cartridges under nitrogen stream during 35 minutes, elutions were performed with 12 ml of a 
mixture methanol/dichloromethane/ethylacetate (40:40:20, v/v). As method development of 
particulate extraction is not yet completed, results of this work will only focus on dissolved 
phase 
Pollutant analysis 

LC-MS-MS conditions 
Additionally to BPA, nonylphenol mono and diethoxylate (NP1&2EO), octylphenol mono and 
diethoxylates (OP1&2EO), 4-NP, 4-t-OP and the nonylphenoxy acetic acid (NP1EC), resulting 
from aerobic biodegradation of APEOs, were analyzed (Table 2). Before analysis, extracts are 
spiked with internal standard for quantification (BPA-d16, n-NP, n-NP1EO and n-NP2EC). The 
analysis is performed by liquid chromatography coupled to a tandem mass spectrometry, LC-
MS-MS (AQUITY UPLC / TQD, Waters). APEOs and BPA are separated on an AQUITY 
UPLC / BEH C18 column, heated at 40 °C, with ultrapure water containing 4.5 mM NH4OH (A) 
and methanol containing 4.5 mM NH4OH (B) as mobile phase. Equilibration takes place with 50 
% B at 0.4 ml.min-1 and 10 µl are injected. The mass spectrometer is outfitted with an 
electrospray interface used in positive ionization mode (ESI+) for NP1-2EO and OP1-2EO and 
negative ionization mode (ESI-) for all other compounds. All compounds were detected in 



11th World Wide Workshop for Young Environmental Scientists WWW-YES-2011  
Urban waters: resource or risks? Arcueil, France (5 - 10 June 2011) 

107 / 141 

multiple reactions monitoring mode (MRM) with two mass transitions, for quantification and 
qualification. Cone voltage and collision energy were optimized for all compounds (Table 1). 

TABLE 2: compounds analyzed and optimized parameters for LC-MS-MS analysis  
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BPA 228 ESI- 1.82 226.9 → 133.0 25 226.9 → 212.2 25 30 
4-t-OP 206 ESI- 3.25 205.5 → 134.2 17 205.2 → 133.2 30 45 
OP1EO 250 ESI+ 3.34 268.2 → 113.4 10 268.2 → 139.2 12 20 
OP2EO 294 ESI+ 3.38 312.3 → 183.3 10 312.3 → 121.2 18 20 
4-NP 220 ESI- 3.52 219.2 → 147.2 26 219.2 → 133.2 26 40 
NP1EC 278 ESI- 2,47 277.2 → 219.2 18 277,2 → 133 38 35 
NP1EO 264 ESI+ 3.58 282.4 → 127.3 8 282.4 → 85.4 15 20 
NP2EO 308 ESI+ 3.61 326.4 → 183.3 10 326.4 → 71.2 20 40 

Quantification and quality control 
The quantification was performed using internal calibration based on areas relative to the internal 
standards. Internal standard n-NP was used for the quantification of NP, OP and n-OP-d17. 
Similarly, BPA-d16 was used for BPA and BPA-d6, n-NP1EO for OP1EO, OP2EO, NP1EO, 
NP2EO and n-NP1EO-d2 and n-NP2EC for NP1EC. For each compound, calibration curves were 
drawn and satisfactory determination coefficients were obtained (R² > 0.99). Experimental 
blanks for SPE extractions, as well as mobile phase blanks were processed. No quantifiable 
contamination was observed. Finally, during a sequence, two calibration controls (lower and 
higher concentrations) were injected every 10 samples. A deviation between the control and the 
calibration curve lower than 20 % validates the quantification. 

RESULTS AND DISCUSSION 

Combined sewer overflow quality 
Flow-weighted mean concentrations of APEOs and BPA are reported in Table 3. CSOs are 
featured by the predominance of BPA with concentrations ranging from 878 to 1,849 ng.l-1 
(median being 1,272 ng.l-1). 

TABLE 3: Concentrations (ng.l-1) of BPA and APEOs for the eight CSO events sampled 
 

Dates 06/06 12/07 14/07 08/09 24/09 26/09 08/11 09/11 Median 
BPA 1,644 1,705 938 1,849 1,497 1,041 878 1,047 1,272 
4-t-OP 61 88 64 117 71 38 45 63 63 
OP1EO 66 56 44 138 68 21 117 8 61 
OP2EO 13 14 14 24 17 14 14 13 14 
4-NP 272 346 281 703 3,083 398 330 478 372 
NP1EC 344 335 221 572 207 245 214 232 238 
NP1EO 434 252 102 694 238 331 503 240 282 
NP2EO 91 81 160 232 158 304 230 89 159 
Sum APEOs 1,280 1,172 886 2,482 3,843 1,331 1,452 1,123 1,305 
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The high concentrations of BPA in CSOs can be partially explained by high levels reported in 
wastewater (Hohne and Puttmann 2008). However, since no clear relation can be drawn between 
BPA concentrations and the wastewater proportion, contributions of other sources have also to 
be considered (sewer deposit erosion and runoff) (Gasperi et al. 2010). Considering that BPA is 
the main component of polycarbonate plastics widely used in building materials because of its 
properties and its high resistance (Kang et al. 2006), high level of BPA could be expected in 
runoff linked to the leaching of building materials. This hypothesis has to be confirmed since, 
currently, no study deals with occurrence of BPA in runoff.  
 
For APEOs, total concentrations vary between 886 and 3,843 ng.l-1, median being 1,305 ng.l-1 
(Table 3). NPEOs are predominant (from 765 to 3,686 ng.l-1) and are approximately ten times 
more concentrated than OPEOs (from 73 to 176 ng.l-1). As for BPA, NPEOs and OPEOs 
concentrations are not correlated to proportion of wastewater meaning that other sources of 
contamination have to be considered. Among these sources, runoff can be probably considered 
as an important source since Bressy et al. (2011) reported high levels of 4-NP and 4-t-OP in 
runoff (470 and 38 ng.l-1 respectively). According to the authors, these high levels may results 
from building and road leaching. 

Comparison of the CSO discharges to the daily WWTP and Seine River loads 
This section aims to compare the CSO discharges at the scale of the rain events to the daily 
WWTP pollutant loads (Figure 2A), as well as, to the daily pollutants loads of the Seine River 
during dry weather periods (Figure 2B).  
The pollutant loads discharged by CSOs were calculated based on CSO quality at Clichy outfall 
and total volume discharged during each event. Events can be classified as three categories, less 
than 300,000 m3, between 300,000 and 1,000,000 m3 and more than 1,000,000 m3 of combined 
water discharged per event.  
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FIGURE 2: Comparison between loads (g.d-1) discharged during CSO event and A: WWTP daily loads; B: 
daily exported loads by the Seine River 
 
BPA loads discharged during small events, which are the most frequent in Paris conurbation, 
account for 184% of WWTP loads. Medium and high events could represent from 4 to more than 
14 fold the total WWTP daily loads. These results highlight the importance of these kinds of 
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event on total loads released into surface water, especially for highly removed pollutants 
(Weyrauch et al. 2010). During wet weather, BPA loads released by CSOs during small and 
medium events account respectively for 18 and 38% of dry weather exported loads by the Seine 
River, while high events represent more than 100% of these same exported loads. Thereby, small 
and medium events could have a moderate impact on surface water loads, and high events may 
have a major impact on BPA loads exported by the Seine River during wet weather period.    
 
For APEOs, the loads discharged by CSOs do not exceed 45% of WWTP loads even for high 
events, meaning that CSOs are not the main sources of APEOs during wet weather (Figure 2B). 
Moreover, along very high event, as 14th July 2010 which is the most important CSO event of 
the five past years, APEO loads represent less than 30% of exported loads by the Seine River. 
Smaller events are even less important. Medium and small events only account respectively for 
14% and less than 5% of exported loads. These results clearly reveal that CSOs are not important 
point sources of APEOs, these events may have only low impact on receiving surface water 
quality 

Annual loads discharged into receiving water 
Assuming that results found for Clichy outfall is representative of all CSOs of Paris conurbation, 
the median annual load discharged into receiving water by all CSO outfalls, at the scale of Paris 
conurbation, was determined (Table 4). Therefore, data about volume discharged from 2005 to 
2010 were provided by the Interdepartmental Association for sewage Disposal in the Paris 
conurbation (SIAAP) and the Paris municipality. Table 4 reported the CSO annual loads of BPA 
and APEOs (kg.y-1) and compared them to the Seine River loads. For the Seine River pollutant 
loads, data were calculated according to twelve sampling campaigns performed during dry 
weather period on 2010. 
 
Annually and according to our calculation, about 22.8 kg.y-1 of APEOS and 17 kg.y-1 BPA are 
discharged in the Seine River by CSOs (Table 4). Despite the high contamination of CSOs by 
BPA and APEOs, the contributions of these events to exported loads are rather low. Indeed, BPA 
discharged annually by CSOs only account for 3.7% of exported loads, while APEOs 
contributions do not exceed 1.3% for 4-NP. These low contributions of CSO to BPA and APEOs 
exported loads are probably a consequence of the small annual volume discharged by CSOs 
compared to annual water flow of the Seine River (only 0.2%). 

TABLE 4: annual loads discharged into receiving surface water (kg.y-1) 
 

 Σ Paris outfalls Σ WWTP 
effluents 

Seine 
River 

% 
Σ Paris outfalls 

%  
Σ WWTP effluents

Volume 
(m3.y-1) 14,443,482 772,705,000 9,486,374,400 0.2 8.1 

BPA 17.3 33 468 3.7 7.1 
4-t-OP 0.9 28 101 0.9 27.6 
OP1EO 0.9 - - - - 
OP2EO 0.2 33 29 0.8 115.4 
4-NP 9.8 251 777 1.3 32.3 
NP1EC 4.0 923 1,007 0.4 91.7 
NP1EO 4.4 344 469 1.0 76.6 
NP2EO 2.9 501 449 0.5 106.8 
Sum APEOs 22.8 2,080 2,831 0.8 73.5 

- : no annual loads for the Seine River because of concentrations were regularly below quantification limit. 
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Finally, the annual loads released by WWTP into the Seine River were also estimated (Table 4). 
As reported in Table 4, the contributions of WWTP to exported loads by the Seine River are 
higher than contributions of CSOs. As APEOs studied are biodegradation products of 
alkylphenol polyethoxylates, processes occurring along WWTPs are sources of these 
compounds, especially for NP1EC (González et al. 2007). Indeed, while CSOs loads of OP2EO, 
NP1EC and NP1EO account respectively for 0.8%, 0.4% and 1.0% of exported loads, the annual 
loads released by WWTPs could explained the entire exported loads by the Seine River. 
Contrary, as BPA is highly biodegradable, annual loads of WWTP effluents are not much higher 
than CSO loads, 7.1% for WWTP effluents against 3.7% for CSOs. At last, the sum of CSOs and 
WWTP effluents loads for BPA, 4-t-OP and 4-NP respectively account for 11%, 29% and 34% 
of exported loads, highlighting the existence of non urban sources. To the best of our knowledge, 
no clear comprehension of all pathways of introduction for these pollutants does exist. However, 
agricultural drain water and groundwater are pointed out by the literature as potential non-urban 
sources for APEOs and BPA (Zgola-Grzeskowiak et al. 2009; Musolff et al. 2010). 

CONCLUSIONS 
As a conclusion, at the scale of a year, CSOs are not relevant sources of BPA and APEOs 
because of the low and discontinuous volumes discharged (0.2% of Seine River volume). Results 
have to be confirmed by integrating result on particulate fraction and by evaluating total mass 
loads. As distributions of APEOs and BPA between dissolved and particulate phases are link to 
the type of water, the influence of the particulate phase should not be the same for combined 
water and Seine river water. 
 
However, CSO events could be considered as point sources of pollutants, during wet weather, 
more especially for pollutants highly removed by WWTP such as BPA. In order to improve our 
understanding of impacts of CSOs on surface water quality, sampling campaigns should be 
performed on the Seine River from the upstream of CSO outfalls to the outlet of Paris 
conurbation. These campaigns should enable us to follow the CSO pollution plumes into surface 
water, on the one hand, and evaluate the proportion of CSO loads on exported loads by the Seine 
River under wet weather conditions, on the other hand.  
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Abstract 
Wastewater discharge is a threat to nature, causing eutrophication and water borne 
diseases. The situation is getting worse with rapid urbanization where adequate sanitation 
and wastewater treatment facilities are lacking. Constructed wetlands (cw) are designed 
to mimic natural wetlands with much degree of control. Despite recognizing cw as an 
alternative for conventional wastewater treatment, little has been done in developing 
countries. This study aims at developing a pilot scale horizontal subsurface flow cw for 
treatment of primary lagoon effluent. Experimental set - up would consist of three 
vegetated cells and one non-vegetated cell control. Cells would be packed with 5-10mm 
diameter pea gravel while 20-50mm diameter pea gravel will be used at the inlet and 
outlet areas to prevent clogging. Hydraulic residence time (HRT), shall be established 
from previously published research. Sampling shall be done twice a month for a period of 
2 years. SPSS software shall be used for statistical analysis. 

Keywords 
Constructed wetlands; Sub-surface flow; Lagoon effluents; Treatment; Developing 
countries. 

INTRODUCTION 
Exploitation of natural resources to ensure comfort and well being under an illusion that the 
demand for the natural resources could never exceed supply has led to depletion of natural 
resources with little regard for conservation and its sustainability. The generation of liquids and 
solids wastes as a result of human settlement and industrial activities pollute most of the 
watercourses (Abdel-Halim et al., 2008). It is noted that the quantity of wastewater will increase 
along with population growth. The increasing scarcity of water in the world along with rapid 
urbanization calls for concern and the need for appropriate water management practices. 

Untreated or partially treated wastewater release is harmful to the environment; hence, 
restrictions should be imposed on wastewater discharge to protect the environment (Katayon et 
al., 2008). Very little investment has been made in the past on sewage treatment facilities. Water 
supply and treatment often received more attention and priority than wastewater collection and 
treatment (Abdel-Halim et al., 2008). However, due to trends in urban development wastewater 
deserves greater emphasis. Currently, there is a growing awareness of the impact of sewage 
contamination on rivers and lakes. The United Nations Environmental Programme (UNEP), 
World Health Organization (WHO) and Global Environmental Monitoring Systems found 
organic material from Agro-industrial effluent municipal waste and domestic sewage to be the 
most common water pollutant (Adelegan, 2007). It was observed that about two-thirds of the 
populations in developing countries have no hygienic means of disposing excreta and even 
greater number lack adequate means of disposing total wastewater. Inadequate sanitation is one 
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of the prime causes of disease. Also, the provision of sanitation is not keeping up with 
population growth (Abdel-Halim et al., 2008).  

Constructed wetlands are artificial wastewater treatment systems consisting of shallow (usually 
less than 1m deep) ponds or channels which have been planted with aquatic plants. The systems 
rely upon aerobic bacteria, biological, physical and chemical processes to treat wastewater 
(Akratos and Tsihrintzis, 2007). These constructed wetlands have impervious clay or synthetic 
liners, and engineered structures to control flow direction, liquid detention time and water level. 
Depending on the type of system, they may or may not contain an inert porous media such as 
rock, gravel, or sand. The subsurface flow (SSF) consists of a basin or channel with a barrier to 
prevent seepage, but the bed contains a suitable depth of porous media. Rock and gravel are the 
most commonly used media. The media also support the root structure of the emergent 
vegetation (Vymazal, 2010). 

The uses of constructed wetlands are alternative to conventional activated sludge wastewater 
treatment methods which are often used to improve facultative lagoon effluents. The benefits 
include, low cost associated with maintenance, operation and energy requirements and overall 
decrease of risk posed to the environment and public health by discharge of contaminated 
wastewater (Katsenovich et al., 2009). Constructed wetlands treatment facilities confers 
significant benefits to agricultural efforts, in particular to the growth of non-food crops, because 
many essential nutrients and minerals found in wastewater considerably reduce the need for 
expensive chemical fertilizers. The performance of constructed wetland facilities under tropical 
conditions has not been extensively researched in previous studies (Katsenovich et al., 2009). In 
spite of the assumption that the performance of constructed wetland processes are more efficient 
in equatorial regions than those in temperate regions, plant growth and microbiological activity 
throughout the year round are encouraged by warmer weather with positive effect on treatment 
parameters (Bojcevska and Tonderski, 2007). 

Constructed wetlands are complex systems with large number of active physical, chemical, and 
biological processes that mutually influence each other. Therefore constructed wetlands have 
been often considered as “black boxes” and only little effort has been made to understand the 
main processes leading to wastewater purification (Brix and Johansen, 2004). The design of 
constructed wetlands has been carried out with different models, among which are; rules of 
thumb and regression equation, the well known first-order K-C* model, monod-type equations 
and a complex dynamic compartmental model. The constraints and parameter uncertainty of 
each model was reported by Rousseau et al., (2004). However, many parameters are difficult to 
measure and therefore many assumptions must be made. Hence it is important, to realize that 
more complex models do not necessarily bring more precise design parameters. However, no 
matter which design model is used for municipal sewage, the area of horizontal flow constructed 
wetlands is usually about 5m2 PE-1 (Vymazal and Kropfelova, 2008). To achieve the outflow 
BOD5   and TSS concentration of 30mg/l, the U.S. EPA recommends the respective in flow loads 
of 6 g/m2 d and 20 g/m2 d (Vymazal, 2010). 

Horizontal subsurface flow constructed wetlands have been designed using either simple “rule of 
thumb” set at 5m2 PE-1 or plug-flow first order models (Kadlec et al., 2008). Recently, more 
complex dynamic, compartmental models (Langergraber et al; 2009) have been developed. 
Sizing of horizontal subsurface flow constructed wetlands is usually based either on volume or 
area. Volume–based methods use a hydraulic retention time to assess the pollutant removal while 
area-based method wetlands assess pollutant reduction using the overall or total wetlands area 
necessary to remove BOD5, TSS, Phosphorus, Nitrogen, Organic nutrients and pathogens 
(Katsenovich et al., 2009).  
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Problem Statement 
Conventional high-technology wastewater treatment system are in many situations not a suitable 
solution in developing countries because it is not sustainable to install wastewater treatment 
facilities which require guaranteed power supply, replaceable spare parts and a skilled labour for 
operation and maintenance (Konnerup et al., 2009). Another issue is treatment requirement. In 
developed countries, the goal is elimination of all pollutants like pathogens, nutrients, organic 
and inorganic chemicals. Whereas, the primary treatments aim in developing countries is 
protection of the public health through control of pathogens to prevent transmission of water 
borne diseases (Kivaisi, 2001). For this purpose constructed wastewater systems are suitable 
since they can be efficient in removal of BOD5, pathogens and nutrients (Konnerup et al., 2009). 
Despite the recognition of constructed wetlands technology as an excellent alternative for 
conventional wastewater treatment systems, not much work has been done to determine its 
applicability in humid tropical environment.  

Hence, this study aims at developing a pilot scale horizontal subsurface flow constructed 
wetlands system for treatment of primary lagoon effluent (sewage) located opposite Obafemi 
Awolowo Hall, University of Ibadan (Figure 1). The project also evaluates the effectiveness of 
three aquatic tropical plants (Canna Indica, R. Phragmites australis and Sacadepis Africana), 
varied hydraulic retention time and hydraulic loading rate on the strength of the final effluent. 
The specific objectives were to design, construct and conduct operational testing of horizontal 
subsurface flow treatment wetlands over a period of two years with the use of three different 
aquatic tropical plants in treatment of primary lagoon effluents. Also, the study sets to 
investigate the effects of varying hydraulic retention time (HRT) and varying Hydraulic loading 
rate (HLR) in mass removal rate of BOD5, COD, TSS, TN, NH4 - N, TP, and FC in gravel based 
subsurface flow treatment wetlands. Furthermore, seasonal effects on the treatment efficiencies 
of the constructed subsurface flow treatment wetlands will be analyzed. 

Experimental site will be located within the University of Ibadan, Nigeria. Ibadan is in the south 
western part of Nigeria with a tropical climate of variable rainy and dry seasons. The city is 
situated in the forest zone close to the boundary between the forest and the savannah. Ibadan lies 
roughly between latitude 070 29’ 16N and longitude 030 54’ 44E, at an altitude of about 213.4m 
above mean sea level (Eze, 1997). It has a humid equatorial climate with warm temperatures, 
high humidity and rainfall with peak dry and wet seasons around February to April and June to 
August respectively. Annual rainfall for Ibadan is between 1000-1600mm, with the mean around 
1270mm (Lal, 1993). Approximately, 50% of the average annual rainfall occurs between April 
and July while 40% occur between August and October. November to March is usually the driest 
months and temperature tends to be higher. 

  

Figure 1: Anaerobic Lagoon for Sewage Treatment.  
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METHODOLOGY 
Experimental set up would consist of three vegetated cells and one non-vegetated cell to serve as 
a control experiment. The cells would be replicated; each bed will be X meters long, Y meters 
wide and Z meters deep. The exact size of matrix of the subsurface wetlands to be constructed 
depends on the influent Biological oxygen demand (BOD5), Total suspended solids (TSS) and 
Nitrate (N03

-) concentrations of the wastewater according to Metcalf and Eddy (2004), Katayon 
et al., (2008). The treatment area would be packed with 5-10mm diameter pea gravel while 
bigger and larger gravel of 20-50mm diameter will be used at the inlet and outlet areas in order 
to prevent clogging of the filter media. The cells will be coated with anti-rust paint and lined 
with water resistant material such as a low-density polyethylene sheet. The constructed wetlands 
cells would have bottom slope of 0.5-1.0% to facilitate hydraulic head measurement.  

Surge tank of 1000 litres capacity will receive wastewater while two settling tanks of 500 litres 
capacities each would be connected to surge tank. A 2Hp pump will be connected to the settling 
tank which would pump wastewater to an over head storage tank of 1000 litres capacity. The 
arrangement of the inlet and outlet pipes and distribution of wastewater within the cell would be 
similar to previous studies (Ghosh and Gopal, 2010; Konnerup et al, 2009). The young sprouts of 
the three plants to be used would be planted equidistantly at 20cm interval in all the treatment 
cells. The plants shall be allowed to grow and multiply until dense stand are formed in the cells 
over four month period.  There will be a periodic application of wastewater to serve as a source 
of nutrients for the plants, before selected inflow rates of wastewaters is introduced. 

Operational procedure 
The primary lagoon effluents would be piped into the cells and flows through. The elimination 
processes takes place during this passage. They are based on various complex physical, chemical 
and biological processes within the association of substrate, macrophytes and microorganisms: 
settling of suspended particulate matter, filtration and chemical precipitation through contact of 
the water with the substrate, chemical transformation, adsorption and ion exchange on the 
surface of plants, substrate, sediment and litter breakdown,  transformation and uptake  of 
pollutants and nutrients by microorganisms and plants, and natural die – off of pathogens. To 
evaluate the effect of HRTs on treatment efficiency, each of the cells will be operated with 
different HRT. The flow pumped to each treatment cell would be calculated by taking into 
account the stated theoretical HRT, porosity and area. 

Sampling 
Sampling shall be done twice a month for duration of 2-years. Samples shall be transported 
immediately from point of collection to laboratory for analysis. Samples shall be measured for 
pH, Temperature, total Suspended Solids (TSS), Biological oxygen demand (BOD5), Chemical 
Oxygen Demand (COD), Total Phosphorus (TP), Total Amnonia Nitrogen (NH4

+), Nitrate (NO3
-

) and Total coliforms; following the procedure of APHA (1999). 

Data Analysis 
SPSS software shall be used for the analysis, using one way Analysis of Variance (ANOVA) and 
post hoc test after ANOVA. 

RESULTS AND DISCUSSION 

The design 
Constructed treatment wetlands modeling consists of first–order equations which in case of 
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constant conditions (e.g. influent, flow and concentrations) and an ideal plug-flow behavior 
predict an exponential profile between inlet and outlet (Rousseau, et al., 2004). Because of 
complex web of interactions in a constructed treatment wetland leading to parameter uncertainty 
and some unexplainable assumptions in design, this study applied the “rule of thumb”. Though it 
is a conservative design model, easily applicable and can guarantee good quality effluents, it 
tends to increase the investment costs. 

The preliminary study on the primary lagoon effluents by Ewemoje and Sangodoyin (2009), 
showed the following physico-chemical and microbiological parameters (Table 1) of treated 
sewage wastewater. The preliminary results which will serve as the influent into the constructed 
wetland are used in the horizontal subsurface flow wetland systems design. 

Table1: Characteristics of the Primary Lagoon Effluents  
Parameter Effluent Ranges FEPA Limit 

COD  420 – 450 80 

BOD5 245 – 287 30 

Total Solid 3050 – 3165 - 

Total Dissolve Solid 1050 – 1160 2000 

Suspended Solid 1997 – 2005 20 

Turbidity ((NTU) 95 – 193 - 

Total Coliform Count (cfu/100ml) 2.2 - 3.3 500 

Ammonia 200 – 215 - 

Nitrate 103.5 – 110 20 

All parameters in mg/l except where stated  

Having considered all the different models for design of constructed wetlands, this study base its 
design on the following equation first proposed by Kickuth, and is widely used for sizing of 
horizontal subsurface flow wetlands systems for domestic sewage treatment. (Vymazal, 2008) 

BODoutindh KInCInCQA /)( −=  … (i) 

Where; Ah is surface flow of bed (m2); Qd is average flow (m3 d-1); Cin is influent BOD5 (mg l-1); 
Cout is effluent BOD5 (mg l-1); and KBOD is the rate constant (md-1). 

The KBOD value is usually lower, ranges between (0.07- 0.1m d-1) but according to Vymazal 
(2008) many countries used values around 0.08m d-1.  

Size Calculations 
To determine the Population Equivalent(P.E.) for each cell based on typical unit organic loading 
45g /P.E./day and this varies from 0.13 -0.44 P.E. depending on Hydraulic Retention Time 
(HRT). From equation (i); 

Ah is unknown 

Qd = 0.18g/P.E./day 

Cin = 287 mg/l 

Cout = 30 mg/l 

KBOD = 0.08md-1 
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08.0/)30287(18.0 InInAh −=  

Therefore, Ah = 5.08m2 PE-1 

However this sizing is suitable for BOD5 and suspended solids removal but not appropriate for 
removal of nitrogen and phosphorus. The aspect ratio (Length: width) also changed over the 
years, while the early system used to have long and narrow trenches with aspect ratio (length: 
width) > 1. Based on this, a length to width ratio of 3:1 will be used in the design. Therefore the 
surface area of each cell given by Fowler (2003) is: 

Area = 3W2 

Substituting values gave 5.08 = 3W2  

Therefore W = (5.08/3)0.5 = 1.30m 

Hence, L = 3 x 1.30 = 3.9m 

However, the width currently being used according to Vymazal (2008), is less than 1. Hence a W 
value of 0.75m is chosen, for ease of construction, considering that each cell will have a surface 
area of 2.25m2 for effective BOD5 removal (Katsenovich, et al., 2009) . Therefore to have a 
length to width ratio of 3:1, the actual length of constructed wetland will be 3.0m to minimize 
cost of construction and maintenance of the wetlands without undermining its treatment 
efficiency. 

Thus actual area of wetland designed is 2.25m2 (i.e. 0.75 x 3.0m2)Results and Discussion - a 
clear presentation of experimental results obtained, highlighting any trends or points of interest.  

CONCLUSIONS 
This is an ongoing first year PhD research work and design considerations with wetlands 
treatment bed size matrix which is one of the set out objectives has been achieved. However, at 
the end of this research work it is expected that the designed and constructed treatment wetland 
would be used in treating primary lagoon effluent with three different aquatic tropical plants. 
Also, the effects of varying hydraulic retention time (HRT) and varying Hydraulic Loading Rate 
(HLR) would be investigated. Furthermore, mass removal rates of BOD5, COD, TSS, TN, NH4, 
NO3, TP and FC in gravel based subsurface flow treatment wetlands effluents would have been 
studied while seasonal effects on treatment efficiencies of the constructed subsurface flow 
treatment wetlands effluents in tropical environment over a period of two years would be 
determined. 
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Abstract 
The anaerobic digestion of brown water (BW), food waste (FW) and their mixture (MW) in batch 
digesters was evaluated under mesophilic conditions. BW collected from separating toilets and FW are 
high strength organic substrates that can be treated in a decentralized reactor via anaerobic digestion. 
The bio-methane potential of these substrates at different feed/inoculum ratios (F/Is) was studied using 
100-mL serum bottles and biogas and methane production, pH and VS reductions were measured 
periodically to determine the extent of substrate degradation. The feasibility of co-digestion was also 
investigated to determine if further improvement of biogas yield could be achieved. Preliminary results 
suggested that BWs and FWs are potential substrates for biogas production. Brown water appeared to 
be the most biodegradable substrate in this study and its biogas yield was inhibited by the addition of 
food waste.  

Keywords 
Anaerobic digestion; food waste; brown water; biogas; co-digestion 

INTRODUCTION 
Anaerobic digestion (AD) has been widely applied in the treatment of organic wastewaters due 
to its high degree of waste stabilization and methane generation. Methane is a potentially 
valuable by-product that can be used as a fuel in producing heat and electricity, and the 
significance of this advantage is increasingly being emphasized in our energy conscious society. 
Having a fuel value of approximately 5,850 kg-cal/m3, biogas has been widely used in heating 
digesters and gas engines (Wang et al., 2007). The anaerobic digestion of food waste and animal 
manure (El-Mashad and Zhang, 2010; Neves et al., 2008; Ahn et al., 2010) has been 
extensively studied on while that on human faeces is not as common and extensive. Human 
faeces collected from toilet systems are known as brown water (without urine) and black water 
(mixed with urine), and their COD concentrations are dependent on the toilet flushing system. 
The concentration of black water collected from vacuum toilets ranged between 8.7 – 12.3 
gCOD/L (Wendland et al., 2007; Marthe S. de Graaff et al., 2010), while that of brown water 
was around 38.8 gCOD/L (Elmitwalli et al., 2006). Wastewaters in Singapore are currently 
being transported long distances to centralized plants for treatment, which consumes too much 
unnecessary energy and water. An alternative approach would be to treat concentrated 
wastewaters in a decentralised plant. Source-separated domestic wastewaters tend to be more 
concentrated and this would improve the potential of energy recovery via anaerobic digestion. 
There have been some research activities on the AD of black water in rural areas and findings 
indicated the feasibility of treating human waste in decentralised sanitation systems (Wendland 
et al., 2007; Kujawa-Roeleveld et al., 2005; Zeeman et al., 2008). However, such research in 
the urban context has been scarce. With increasing population and concerns over water and fuel 
shortage, an onsite decentralised and anaerobic treatment of domestic wastewaters in urban cities 
might provide the sustainable solution. This paper aims to discuss the feasibility of anaerobic co-
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digestion of high strength domestic wastewaters – namely brown water and kitchen food waste 
in urban decentralised units for energy recovery. This paper will describe the anaerobic digestion 
batch study of brown water and food waste alone, and then the co-digestion of the mixture of 
these two wastes.   

MATERIAL & METHODS 

Collection and preparation of inoculum and substrates 
Sludge collected from an anaerobic digester at the Ulu Pandan Water Reclamation Plant 
(designed for domestic wastewater treatment) was used as inoculum in this study. As shown in 
Table 1, the total solids (TS) and volatile solids (VS) concentrations of sludge were 17.83 ± 0.04 
g/kg and 12.52 ± 0.05 g/kg, respectively. Freshly collected sludge was stored at 35°C for one 
week to remove any remaining biodegradable fraction before using it as inoculum for the batch 
test. Two different types of organic waste - brown water and food waste were used as substrates 
in this study. Brown water (fecal waste without urine) mixed with 2 L of flush water was 
collected from a urine separation toilet located near the university’s laboratory and then stored in 
a refrigerator at 4°C. Food waste used in this study was collected from the university’s campus 
canteen, where the majority of the waste came from Chinese, Indian, Indonesian and Malay food 
stalls. After removing bones and non-food materials, the food waste was blended into slurry 
form with an average size of 2.0 mm using a kitchen blender. The blended food waste was then 
mixed well, and stored in a refrigerator at 4°C. As shown in Table 1, the TS and VS 
concentrations of brown water were 4.44 ± 0.06 g/kg and 3.77 ± 0.08 g/kg, respectively, and 
those for food waste were 295.16 ± 1.50 g/kg and 283.45 ± 1.53 g/kg, respectively. All these 
substrates were stored in a refrigerator at 4°C after collection and used within 7 days. 

TABLE 1: Characterization of substrates  
 

Parameter Units Brown Water  Food Waste Sludge 

TS g/kg, wet basis 4.44 ± 0.06 295.16 ± 1.50 17.83 ± 0.04 
VS g/kg, wet basis 3.77 ± 0.08 283.45 ± 1.53 12.52 ± 0.05 
pH  6.70 4.40 6.90 

COD-total g/L 8.16 ± 0.56 394.10 ± 13.80  14.71 ± 0.07 
TOC g/kg 471.40 ± 10.58 323.92 ± 16.59 377.75 ± 13.51 
TN g/kg 9.75 ± 0.35 1.12 ± 0.18 7.64 ± 0.71 

 

Experimental design and set-up 
The batch digestion tests were carried out using 100mL reactors (with 70mL working volume) at 
mesophilic temperature (35°C) for a period of 21 and 30 days. In each reactor, 14mL of 
inoculum (20% v/v) was added to 56mL of substrate diluted with tap water to achieve the 
desired VS load. The head space of all the reactors was purged with nitrogen gas for thirty 
seconds to create anaerobic conditions before the reactors were tightly closed with rubber septa 
and screw caps. Three blank reactors that contained only inoculum and tap water were also set 
up to monitor the biogas produced from the inoculum for the correction of biogas produced from 
the substrates under study. A total of ten reactors were set up for each condition and the contents 
were analysed periodically for pH, VS reductions and VFA by sacrificing two reactors each 
time. To ensure even mixing between substrate and inoculum, the reactors were placed on a 
shaker with speed 120 rpm throughout the study period. Four different conditions as shown in 
Table 2, (VS loading from 0.3g VS/L to 2.5g VS/L) were carried out for the batch study of 
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brown water and food waste. For the co-digestion experiment, four different conditions were 
designed, with brown water and food waste mixed in different proportions. Mixtures A, B and C 
had VS loading of 1g VS/L while mixture D had VS loading of 2g VS/L. The brown water to 
food waste ratio for mixtures A, B, C and D were 1:1, 3:7, 7:3 and 1:1 respectively.  

Analytical methods 
TS, VS, total chemical oxygen demand (TCOD) and soluble chemical oxygen demand (SCOD) 
were measured in the well-mixed samples in triplicates by standard methods (APHA, 1998). The 
pH value was measured using a pH meter (CORNING 145, England). The organic carbon and 
nitrogen content of substrates and sludge was determined using a Total Organic Carbon/ 
Nitrogen Analyzer multi N/C 2100/ 2100s (Analytikjena). Samples were oven dried at 105°C for 
2 hours before the addition of concentrated HCl to remove the inorganics. Approximately 20mg 
of the sample was analyzed and each sample was tested in triplicates. The determination of VFA 
was carried out using gas chromatography and the samples were filtered through Whatman 
0.2µm nitrocellulose membrane filters. Biogas production was monitored daily using a syringe, 
while the biogas composition (methane and carbon dioxide contents) was analyzed by gas 
chromatography (GC) (HP5890A, HACH, Avondale, PA, USA) which was equipped with a 
thermal conductivity detector (TCD). Helium was used as carrier gas at a flow rate of 40 mL 
min-1. The measurements were done at least once a week for each reactor. Biogas samples 
injected into the GC were extracted from the reactors head space after releasing the gas, using a 
100-µL gas tight syringe (Fisher Scientific, Pittsburgh, PA, USA). 

Data processing 
Since the biogas production rates and methane content of the substrates vary considerably over 
the digestion period, the weighted average methane content (WA) and standard deviation 
(STDV) over the digestion period was calculated using the method as described by (El-Mashad 
and Zhang, 2010) as follows:  

WA (%) =  

 

STDV =  

 
where:  
DBPi = biogas production on day i, 
MPi = methane content on day i, 
n = number of observations. 

RESULTS AND DISCUSSION 

Anaerobic digestion of brown water 
A summary of the weighted average methane content, biogas and methane yields and VS 
reduction of brown water at different F/I after 21 and 30 days of digestion are shown in Table 2. 
The average biogas yields and rates during the 30-day anaerobic digestion of brown water are 
also shown in Figs. 1a and 1b. As shown in Fig. 1a, BW3 with F/I of 0.40 produced the highest 
biogas yield, as compared to brown water with other F/Is. The biogas yield after 30 days was 
calculated to be 762, 736, 916, and 754 L/kg VSadded and approximately 88%, 93%, 96%, and 
98% of the final biogas yield for BW1, BW2, BW3 and BW4 respectively, could be obtained 
after 21 days of digestion. With weighted average methane contents of 70%, 73%, 73% and 
78%, the average methane yield after 30 days of digestion was 537, 535, 672 and 587 L/kg 
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VSadded and 88%, 92%, 96% and 98% of the final methane yield for BW1, BW2, BW3 and BW4 
respectively, could be obtained after 21 days of digestion. Although BW4 had the highest 
methane content at 78% (Table 2), the methane yield of BW3 was still higher than the others.  
 
Throughout the 30 days of anaerobic digestion, the pH value of reactor content was determined 
periodically, as shown in Fig. 2a. The pH of brown water at all F/Is showed a similar trend. After 
6 days of digestion, the pH value of BW1, BW2, BW3 and BW4 dropped from 7.21, 7.06, 6.94 
and 6.76 to 6.51, 6.56, 6.48 and 6.29 respectively. After that, the pH recovered slightly and was 
raised to the range of 6.53 to 6.63 for all four sets after 12 days of digestion. The pH remained 
constant for the next 7 days but increased further to 6.78, 6.83, 6.77 and 6.95 respectively after 
23 days of digestion. The final pH measured after 30 days of digestion dropped slightly to 6.69, 
6.67, 6.67 and 6.86 respectively.  
 
The average VS reductions after 30 days of digestion were calculated to be 49%, 55%, 55% and 
60% and after 21 days of digestion, approximately 96%, 96%, 95% and 90% of the final VS 
reductions for BW1, BW2, BW3 and BW4, respectively could be obtained. 

TABLE 2: Results of batch anaerobic digestion of brown water, food waste and their mixture  

 
Initial VS Loading F/I CH4 content Biogas yield CH4 yield VS reduction 

  (%) (L/kg VSadded) (L/kg VSadded) (%) 

  21 
days 

30 
days 

21 
days 

30 
days 

21 
days 

30 
days 

21 
days 

30 
days 

Brown water (BW)       
BW1 - 0.3gVS/L 0.12 69.91 70.38 672 762 470 537 47.27 49.10 
BW2 - 0.5gVS/L 0.20 72.60 72.66 681 736 494 535 52.97 55.32 
BW3 - 1.0gVS/L 0.40 73.36 73.35 876 916 642 672 52.62 55.35 
BW4 - 2.5gVS/L 1.0 77.95 77.82 738 754 575 587 53.30 59.53 
Food waste (FW)       
FW1 - 0.3gVS/L 0.12 72.77 72.85 316 343 230 250 44.16 45.44 
FW2 - 0.5gVS/L 0.20 66.58 66.74 333 343 221 229 27.60 28.91 
FW3 - 1.0gVS/L 0.40 67.74 67.77 421 425 286 288 59.17 59.72 
FW4 - 2.5gVS/L 1.0 54.78 57.30 246 303 135 173 41.32 43.33 
Mixture BW:FW        
MW1 - 1.0gVS/L 1:1 0.40 74.08 *n.d. 287 *n.d. 212 *n.d. 16.94 *n.d. 
MW2 - 1.0gVS/L 3:7 0.40 71.16 *n.d. 301 *n.d. 217 *n.d. 26.85 *n.d. 
MW3 - 1.0gVS/L 7:3 0.40 72.45 *n.d. 301 *n.d. 220 *n.d. 28.35 *n.d. 
MW4 - 2.0gVS/L 1:1 0.80 68.24 *n.d. 417 *n.d. 287 *n.d. 33.47 *n.d. 

*n.d. = not determined 
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(a) 

(c) 

(e) 

(b) 

(d) 

(f)

Figs. 1a-f: (a) and (b) biogas yield and rate of brown water, (c) and (d) biogas yield and rate of food waste, (e) 
and (f) biogas yield and rate of mixtures of brown water and food waste. 
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Figs. 2a-c: (a) pH profile of brown water, (b) pH profile of food waste, (c) pH profile of mixtures of brown 
water and food waste. 

Anaerobic digestion of food waste 
Exactly the same conditions were designed for the anaerobic digestion of food waste. A 
summary of the weighted average methane content, biogas and methane yields and VS reduction 
of food waste at different F/Is after 21 and 30 days of digestion are shown in Table 2. The 
average biogas yields and rates during the 30-day anaerobic digestion of food waste are also 
shown in Figs. 1c and 1d. The biogas yield after 30 days was calculated to be 343, 343, 425 and 
303 L/kg VSadded and approximately 92%, 97%, 99% and 81% of the final biogas yield for FW1, 
FW2, FW3 and FW4 respectively could be obtained after 21 days of digestion. With weighted 
average methane contents of 73%, 67%, 68% and 56%, the average methane yield after 30 days 
of digestion was 250, 229, 288 and 173 L/kg VSadded and approximately 92%, 97%, 99% and 
78% of the final methane yield for FW1, FW2, FW3 and FW4 respectively could be obtained 
after 21 days of digestion. Similar to brown water, food waste with F/I of 0.40 produced the 
highest biogas and methane yield. As compared to brown water with F/I of 0.40, the biogas and 
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methane yield for food waste with F/I of 0.40 was 54% and 57% lesser respectively, suggesting 
that brown water is a more biodegradable substrate as compared to food waste. As shown in 
Table 2, biogas yield increased with increasing F/I in the range of 0.12 to 0.40 due to the greater 
availability of substrate. When F/I was raised to 1.0, biogas yield decreased, indicating the 
possibility of substrate overloading, resulting in some inhibition of methanogenic bacteria due to 
VFA accumulation. 
 
The initial pH value of food waste with different F/Is ranged from 6.82 to 7.09. Other than food 
waste with F/I of 1.0 (FW4), the pH of FW1, FW2 and FW3 remained relatively constant at 
around 6.81, 6.60 and 6.47 respectively from day 2 until the end of the study. The pH of FW4 
dropped sharply from 6.82 to 5.52 after 2 days and dropped further to 5.34 after 6 days of 
digestion. The measured pH on day 12 increased to 5.75 and it continued to increase until the 
end of the digestion period to 6.43. The significantly lower biogas and methane yield of FW4 
(Fig. 1c and Table 2) could be accounted for by the large drop in pH, causing the inhibition of 
methanogenic bacteria. In comparison with brown water, the pH values of food waste mixtures 
did not recover as much after 21 days of digestion.  
 
The average VS reductions after 30 days of digestion were calculated to be 45%, 29%, 60% and 
43%, and after 21 days of digestion, approximately 97%, 95%, 99% and 95% of the final VS 
reductions for FW1, FW2, FW3 and FW4 respectively could be obtained. For food waste at all 
F/Is, the VS reduction percentages and biogas yields followed the same trend.  
 
In general, the weighted average methane content, biogas yield and VS reductions of food waste 
mixtures were lower than that of brown water (Table 2). As majority of the food waste collected 
came from Chinese, Indonesian, Indian and Malay food stalls, the food waste contained large 
amounts of gravy, fats and salts. Hence, these complicated food components could have brought 
about some inhibitory effects on the methanogens (Cho et al., 1995), leading to lower biogas and 
methane yield as compared to brown water with similar F/I. Long chain fatty acids that are 
present in food with high fat content and in food preservatives have inhibitory effects on 
methanogenic bacteria.  Further studies on the effect of the complicated composition of food 
waste on biogas yield and process stability are required. 
 
In comparison with the batch anaerobic digestion of food waste under mesophilic conditions 
reported by other authors, the biogas yield in this study appeared to be much lower. El-Mashad 
et al. reported an average biogas yield of 657 L/kg VSadded from a 2gVS/L food waste with F/I of 
0.19 (El-Mashad and Zhang, 2010). In this study, FW2 with a similar F/I of 0.20, produced only 
343 L of biogas/kg VSadded. Even at a much higher loading (F/I of 3.1), (Liu et al., 2009) reported 
an average biogas yield of 430 L/kg VSadded from a 12.5gVS/L food waste mixture.  

Anaerobic co-digestion of brown water and food waste  
Since approximately 90% of the VS reductions, biogas and methane yields could be obtained 
after 21 days of digestion, as seen from the results of brown water and food waste (Table 2), the 
digestion period for the mixture of brown water and food waste was reduced to 21 days. The 
anaerobic digestion of mixed waste (F/I of 0.40) with three mixing ratios based on VS was 
carried out to study the effect of brown water and food waste mixing ratio on the biogas and 
methane yield. The anaerobic digestion of MW4, which had the same mixing ratio as MW1 but 
two times its VS concentration, was carried out to study if biogas and methane yield will 
improve when VS loading increased to more than 1gVS/L (the organic loading for MW1, MW2 
and MW3).  
 

http://wizfolio.com/?citation=1&ver=3&ItemID=371&UserID=15506&AccessCode=852C1C47B3B3424AA3AE0E69070F2FE0&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=365&UserID=15506&AccessCode=E736FB4B87704953AD5850E5360E8D63&CitationSuffix=
http://wizfolio.com/?citation=1&ver=3&ItemID=366&UserID=15506&AccessCode=12000DDD8E5B449B986FC0A632E0BBCC&CitationSuffix=
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A summary of the weighted average methane content, biogas and methane yields and VS 
reduction of mixed waste at different mixing ratios after 21 days of digestion are shown in Table 
2. The average biogas yields and rates during the 21 days of digestion are shown in Fig. 1e and 
1f. After 21 days of digestion, the biogas yield was calculated to be 287, 301, 301 and 417 L/kg 
VSadded for MW1, MW2, MW3 and MW4 respectively. With an average methane content of 
74%, 71%, 72% and 68%, the methane yield was calculated to be 212, 217, 220 and 287 L/kg 
VSadded respectively. As shown in Fig. 1e, the biogas yield of MW1, MW2 and MW3 showed no 
significant difference, indicating that the mixing ratio of brown water and food waste did not 
affect the biogas yield. On the other hand, increasing the F/I from 0.40 to 0.80 improved the 
biogas yield by approximately 70%, as shown by MW4 in Fig. 1e. This is in contrast to the 
results obtained from brown water or food waste alone whereby the biogas yield started to drop 
when F/I was increased beyond 0.40.  
 
The addition of food waste did not improve the biogas yield of brown water. Instead, the biogas 
yield was affected negatively when food waste was introduced to the anaerobic digestion of 
brown water. Comparing FW2 with MW1, MW2 and MW3, where all had the same amount of 
food waste added (0.5gVS/L), showed that their biogas yield after 21 days of digestion were 
similar at 333, 287, 301 and 301 L/kg VSadded respectively.  
 
The pH values of the brown water and food waste mixtures were in the range of 6.91 to 7.08 
before the start of digestion and dropped to the range of 6.33 to 6.41 after 21 days of digestion 
(Fig. 2c).  
 
In general, there were no lag phase and biogas production started after the first day of digestion 
for all substrates and conditions studied (Fig. 1b, 1d, 1f). Multiple peaks in biogas production 
rates were observed throughout the 30-day digestion period.  

CONCLUSIONS 
The biogas and methane yields of brown water, food waste and their mixture at different F/Is 
using an anaerobic batch digester at 35 ± 2°C were determined in this study. The batch digestion 
tests for brown water and food waste were performed for 30 days to achieve complete digestion. 
Since about 90% of the final biogas yield and VS reductions from brown water and food waste 
could be obtained after 21 days of digestion, the digestion period of the subsequent study on the 
mixture of brown water and food waste was reduced to 21 days. At a F/I of 0.40, the biogas 
yields obtained for brown water, food waste and their mixtures were 876, 421 and approximately 
300 L/kgVSadded respectively after 21 days of digestion. As brown water produced the highest 
biogas yield, highest methane content in the biogas produced, and highest average VS reduction 
(Table 2), it appeared to be more biodegradable than food waste. The biogas yield of brown 
water was also inhibited by the addition of food waste, as shown by the biogas yields produced 
by mixtures of brown water and food waste (Fig 1e). The feasibility study of co-digesting brown 
water and food waste revealed that their biogas yields were lower than that obtained from brown 
water or food waste alone (with the same F/I), which could be due to some inhibition effects 
brought about by food waste. As it would be both economically and environmentally 
advantageous for such a co-digestion process to take place in decentralised anaerobic digesters, 
further studies should be carried out to investigate the effect of intermediates such as volatile 
fatty acids on biogas yield and digestion performance. 
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Abstract 
A municipal solid waste produced in urban and rural communities is a serious pollution 
source of water resource in developing country. One of the main problem in treatment of 
organic solid waste is its non-readily biodegradability due to the complexity of organic 
material especially hemicellolluse.  This study reports Sodium Hydroxide (NaOH) 
thermochemical pretreatment of rice straw as a indicators of cellulosic compound to 
enhance its biodegradability. Laboratory-scale experiments were carried out in 
completely mixed reactors, 500 ml capacity. In order to optimization of hydrolysis of rice 
straw,  Response Surface Method (RSM) based on three factors and one response design 
was performed to optimize experimental conditions. The effects of reaction parameters 
including sodium hydroxide concentration (0-30 g/l), reaction time (10–180 min) and 
temperature (30–200 oC) were evaluated. The optimum conditions resulted by RSM 
were: NaOH concentration 29.9 g/l, reaction time 133.1 min. and temperature 157.6 oC. 
The actual experimental soluble chemical oxygen demand (SCOD) of rice straw soluble 
was 41200 mg/l under optimum condition, which compared well to the maximum 
predicted value of 41211 mg/l. 

Keywords 
Rice straw; thermochemical pretreatment; RSM; water resource; pollution 

INTRODUCTION 
Large amount of solid waste is produced each year in the world. Agricultural, municipal and 
industrial activities are three main generation sources of the solid waste. Lack of planning in this 
section can be caused pollution in water, soil and air resources (Corral, et al., 2008). Organic 
fraction of municipal solid wastes (OFMSW) is composed of two main parts: readily and non-
readily biodegradable. The part of non-readily biodegradable is formed a high content of 
lignocellulosics fiber (5-25% of the total waste mass) (Heerah, Mudhoo, Mohee, & Sharma, 
2008). Unlike readily bio degradable such as starch and sucrose that can be easily bio 
degradation into the monosaccharide, for the utilization of lignocellulosic materials in a 
bioconversion process, pretreatment is necessary (Zhao, Wang, Zhu, Ragauskas, & Deng, 2008). 
Therefore, the first step is integrated of chemical and physical treatment systems for dissolving 
hemicellulose and improving of accessibility of the cellulose for hydrolytic enzymes (Godliving, 
2009). Alkaline thermo-chemical pretreatment process is a well know method that can be used to 
dissolving complex substrates before biological treatment. Compared with acid or oxidative 
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reagents, alkali treatment appears to be the most effective method in breaking the ester bonds 
between lignin, hemicelluloses and cellulose, and avoiding fragmentation of the hemicelluloses 
polymers (Gaspar, Kalman, & Reczey, 2007). Alkaline pretreatment involves the application of 
alkaline solutions like NaOH or KOH to remove lignin and a part of the hemicelluloses, and 
efficiently increase the accessibility of enzyme to the cellulose (Tarkov & Feist, 1969). The 
alkali pretreatment can result in a sharp increase in saccharification yields. High temperature is 
desired for this pretreatment; however, it can be performed at low temperatures, but with a 
relatively long time and high concentration of the base. The main effect of sodium hydroxide 
pretreatment on lignocellulosic biomass is delignification by breaking the ester bonds cross-
linking lignin and xylan, thus increasing the porosity of biomass (Tarkov & Feist, 1969). 

Design of experiment (DOE) is a structured, organized method that is used to determine the 
relationship between the different factors (Xi) affecting a process and the output of the process 
(Y). DOE uses the smallest possible number of experimental runs to discover and find the 
optimum settings for the process (Yang and El-Haik, 2003). DOE provides a cost-effective 
means for solving problems and developing new processes. The simplest, but most powerful, 
DOE tool is two-level factorial design, where each input variable is varied at high (+) and low    
(–) levels and the output observed for resultant changes. Statistics can then help to determine 
which inputs have the greatest effect on outputs (Anderson and Kraber, 1999). Response surface 
methodology (RSM) has been widely used in the empirical study of the relationship between one 
or more measured responses such as yield , on one hand, and a number of input variables such as 
time, temperature, pressure, and concentration on the other hand (Chow and Yap, 2008; Kumar 
et al., 1999). RSM is a collection of mathematical and statistical techniques that are useful for the 
modelling and analysis of problems in which a response of interest is influenced by several 
variables and the response surface can be explored to determine important characteristics such as 
optimum operating conditions. 

In the present study, response surface methodology (RSM) was also employed to identify the 
optimum conditions for enhancing of rice straw dissolving by analyzing the relationships among 
a number of parameters that affect the overall process. Here we report on the chemical property 
of rice straw and the optimization of NaOH thermochemical pretreatment process parameters for 
maximum soluble chemical oxygen demand (SCOD) production. Maximum SCOD production 
means ability to produce maximum methane gas in anaerobic process or minimum residual of 
un-compostable materials in compost process. Another word, results of this study could enhance 
the biogas production or composting process from organic fraction of solid waste. 

METHOD  

Collection of sample 
Rice straw was collected from a local farm of Sungai Dua in Pulau Penang, Malaysia. Firstly, 
rice straw was cut to nominally 5-10cm length, washed thoroughly with tap water and then air-
dried. It was then grinded to 2-3mm size and used for further treatment. Grinding of rice straw 
reduces the technical digestion time by 23–59% and increase methane production by 5–25% 
(Delgenés, Penaud, & Moletta, 2002). 

Analytical procedures 
The selected physicochemical properties of the raw composting materials were measured prior to 
starting the thermochemical process experiment.  The water-soluble extract was prepared by the 
following procedure: 5g of sample were first mixed with 100ml of deionised water, then shaken 
for 2h, and leave for 30 min. The supernatant was then filtered through a filter paper (Whatman 
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No. 1) (Goyal, Dhull, & Kapoor, 2005). SCOD and TKN (total Kjeldahl nitrogen) were 
measured by dichromate digestion and Kjeldahl method, respectively (Paola Castaldi, 2008). 
SCOD of samples were determined by COD reactor-Hach, and DR2800 Spectrophotometer. pH 
values were measured by using a pH digital meter (EUTECH, pH 510)),  and an EC meter (VSI, 
Model 30M, 100FT, USA) in aqueous extract (weight : volume = 1:10) (Sylla & Kuroda, 2006). 
Moisture content of raw materials was determined by drying the samples at 105oC for 24h. Ash 
was determined in a muffle furnace at 550 oC for 24h, and the organic matter (OM) was 
calculated as the difference between ash and dry weight as a percentage (Yamada & Kawase, 
2006). A typical hydrolysis mixture consisted of 5g of rice straw and 20ml of sodium hydroxide. 
The mixture was heated at 30-200 oC on the magnetic stirrer hotplate.  

Response surface methodology 
The experimental design for the selected process variables was carried out using Central 
Composite Design (CCD). In order to obtain the required data, the suitable range of values of 
each of the four variables was identified as shown in Table 1.  

Table 1. Independent variables and their levels used for the Central Composite Design 
 

Coded levels of variables  
Factor 

 
variable 

-1 -0.5 0 0.5 1 

Temperature, oC A 30 72.5 115 157 200 

time, min. B 10 52.5 95 137 180 

NaOH Concentration, g/l C 0 7.5 15 22.5 30 
 
For four variables (n=3) and five levels (low (−) and high (+)), the total number of experiments 
were 20 determined by the expression 2n (23=8 factorial points), 2n (2×3=6 axial points), 6 
(centre points, six replications) as given in Table 2. Specific capacitance (SCOD) was selected as 
the response for the combination of the independent variables. Experimental runs were 
randomized to minimize the effects of unexpected variability in the observed responses. 
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Table 7. Complete experimental conditions tested and corresponding observed and predicted values of SCOD 
value 
 

Factors SCOD value (Response) Run order Type 

   A     B   C 

 

Observed Predicted 

1 Fact 30.0 10.0 0.0  1654  

2 Fact 200.0 10.0 0.0  2167  

3 Fact 30.0 180.0 0.0  2542  

4 Fact 200.0 180.0 0.0  3838  

5 Fact 115.0 95.0 7.5  9233  

6 Fact 115.0 52.5 15.0  7567  

7 Fact 72.5 95.0 15.0  4617  

8 Fact 115.0 95.0 15.0  7333  

9 Axial 115.0 95.0 15.0  7300  

10 Axial 115.0 95.0 15.0  6983  

11 Axial 115.0 95.0 15.0  6967  

12 Axial 115.0 95.0 15.0  7433  

13 Axial 115.0 95.0 15.0  7183  

14 Axial 157.5 95.0 15.0  7917  

15 Centre 115.0 137.5 15.0  7717  

16 Centre 115.0 95.0 22.5  19750  

17 Centre 30.0 10.0 30.0  3300  

18 Centre 200.0 10.0 30.0  15517  

19 Centre 30.0 180.0 30.0  8250  

20 Centre 200.0 180.0 30.0  41200  
 

Statistical analysis 
A quadratic polynomial equation was developed to predict the response as a function of 
independent variables and their interactions. In general, the response for the quadratic 
polynomials is described in Eq. (1). 

)1(2
0 ∑∑∑ ∑ +++= jijijiiiii xxxxY ββββ  

Here, Y is the response (SCOD value),  is the intercept coefficient,  is the linear terms,  is 
the squared terms and is the interaction terms, and  and  are the uncoded independent 
variables. The model evaluated the effect of each independent variable to a response. The fit 
quality of the models was judged from their correlation of determination ( 2R ) (Ahmadi et al., 
2005; Jo et al., 2008).   

Analysis of variance 
(ANOVA) was applied to estimate the effects of main variables and their potential interaction on 
the SCOD value. The ANOVA table can also be used to test for the statistical significance of the 
ratio of mean square due to regression and mean square due to residual error. Fisher F-test was 
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used to check for the adequacy of the model, while p-value and Student's test were used to check 
for the significance of the equation parameters for a response. Three-dimensional response 
surfaces and contour plots were used for facilitating a straightforward examination of the 
influence of experimental variables on the responses (Jo et al., 2008). The analysis of the 
experimental design and calculation of the predicted data were carried out using Design Expert 
Software (version 6.0.6, Stat ease Inc., Minneapolis, USA) to estimate the response of the 
independent variables. 

RESULTS AND DISCUSSION  

Physicochemical property of rice straw 
Physicochemical parameters were selected based on effective parameter on methane production 
process and composting process. The results obtained from analyzing the physical and chemical 
properties of the rice straw are shown in Table 3. Based on these results rice straw residues are 
brimful in organic matter (OM) content (88.4%) and total carbon (51.272%), have low total 
nitrogen (0.645%) and high C/N ratio (79.49). This property is suitable as a carbon source in 
biogas production or composting process. The results of other studies (Rashad, Saleh, & 
Moselhy, 2010), (Iranzo, et al., 2004), (Abdelhamid, Horiuchi, & Oba, 2004)  are slightly 
different because the climate and soil characteristics of rice filed in Malaysia are different from 
them solubility of carbon material in water is determined by SCOD. COD of rice straw, was 
determined after 4hr, 6hr, 16hr and 24hr stirring and the obtained results are shown in table 4.  

 

Table 3. Selected physiochemical properties of rice straw 
 

NO Parameters Rice Straw 
1 OM(%) 88.4 
2 TC (% dw) 51.272 
3 TN  (% dw) 0.645 
4 C/N 79.49 
5 PH 7.15 
6 EC (µSm-1) 2381 
7 Moisture Content (%) 9.76 

*All analysis was reported on a dry weight (dw) basisTC= OM(%)×0.58 (Rashad, Saleh, & Moselhy, 2010) 

Table 4- COD of Water soluble of rice straw sample as function of time 
 

sampling no. Duration of Stirring 
(hr) COD of Sample (mg/lit.) 

1 2 1889 
2 4 2580 
3 6 3150 
4 16 4185 
5 24  4220 

 

Pretest of thermochemical hydrolysis of rice straw by NaOH 
In order to compare the solution rate of rice straw organic matter in water with NaOH, 10 runs of 
COD test were done. The results from Fig. 1 shows SCOD extracted at 2hr by alkaline 
thermochemical(5g/l), equalled to 15240mg/l, while for water was 1889 mg/l which is 8 times 
lower in the same condition. It indicated that the alkaline pretreatment has a large effect on 
solubility of carbon compounds of rice straw in water for utilization. Also, the alkaline 
pretreatment makes it more accessible for enzymes and bacteria in bio gas production or 
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composting processes (Delgenés, Penaud, & Moletta, 2002). In the study carried out by Penaud, 
et al (1999), max. SCOD, 63% was obtained at 5g NaOH/l. Heating enhanced the COD 
solubility to 85% at the higher concentration of sodium hydroxide (26.1g/l) when heated to 
140°C for 30 min compared to that of 53.2% which was obtained by Penaud and co-workers at 
ambient temperature (Penaud, V.; Delgene`s, J. P.; Moletta, R., 1999). The result of investigation 
from anaerobic digestion with waste activated sludge (WAS) by several of pretreatment 
indicated that when NaOH at 0 to 21g/l was added the COD solubility increased from 17.6% to 
86.5% (KIM, et al., 2003)  

Model fitting and statistical analysis 
The results obtained from the experiments conducted are summarized in table 2. The SCOD 
value ranged from 1654.17to 41200 mg/l depending on the experimental conditions. Further 
analysis on the results showed that they developed highest order polynomials equation (in coded 
units) that could relate SCOD value to the parameters studied. The two factors interaction (2FI) 
model is given in Eq. (2). 
 
Y= 8217.91 + 5720.59 A + 3913.72 B + 7450.00 C  -12246.72 A2  -6746.72  B2 +  
20653.26 C2 + 2689.58 AB + 5419.79 AC + 3509.38 BC (2)

The response functions are representing Y  as the response for SCOD value, A as the coded 
value of variable temperature, B as the coded value of stirring time and C as the coded value of 
alkaline concentration. The closer the value of R2 to unity, the better the empirical models fits the 
experimental data. On the other hand, the smaller the value of R2, the lesser will be the relevance 
of the dependent variables in the model has in explaining the behavior of variations (Cao et al., 
2008). 
Parity plot between the observed data versus predicted data using Eq. (2) for the SCOD value 
and the responses are graphically shown in figure 2. As can be seen, the predicted values match 
the observed values reasonably well within the ranges of experimental conditions, with a R2 
value of 0.945. This result suggests the applicability and reliability of the equation in 
representing the reaction over a range of experimental conditions with sufficient degree of 
accuracy. Thus, it can be used to simulate the cellulose solublization reaction. 

 

  

Figure 1: Variation of SCOD of alkaline 
thermochemical Hydrolysis as function of stirring 
time (NaOH, 5 g/l, t: 140oC) 

Figure 2: Parity plot for relation between observed 
and predicted SCOD value 

Statistical analysis obtained from the analysis of variance (ANOVA) for the response surface 2FI 
model is shown in Table 5. The value of “PNF” for the models is less than 0.05 to indicate that it 
is significant and desirable as it indicates that the terms in the model that have a significant effect 
on the response. The value of P<0.0001 indicates that there is only a 0.01% chance that a “model 
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F-value” this large could occur due to noise in the experiment. Generally P-values lower than 
0.01 indicates that the model is considered to be statistically significant at the 99% confidence 
level (Ravikumar et al., 2005). Values greater than 0.1000 indicate the model terms are not 
significant. Therefore, A, B, C, AB, AC and BC are significant model terms to affect the SCOD 
value. The “Lack of Fit F-value” of 429.82 implies the Lack of Fit is not significant relative to 
the pure error. Therefore, there is a 19.09% chance that a “Lack of Fit F-value” this large could 
occur due to noise. Insignificant lack of fit is good as the primary objective was the model 
should fit the experimental data. 

Table 5. ANOVA analysis for the quadratic model 

Source Sum of Squares DF Mean Square F Value Prob > F  
Model 2.782E+008 9 1.513E+008 19.09 < 0.0001 significant 

A  1.302E+008 1 2.782E+008 35.11 0.0001  
B 4.718E+008 1 1.302E+008 16.43 0.0023  
C 2.799E+007 1 4.718E+008 59.55 < 0.0001  

A2  8.495E+006 1 2.799E+007 3.53 0.0896  
B2 7.961E+007 1 8.495E+006 1.07 0.3248  
C2  5.787E+007 1 7.961E+007 10.05 0.0100  
AB 2.350E+008 1 5.787E+007 7.30 0.0222  
AC 9.853E+007 1 2.350E+008 29.66 0.0003  
BC 2.782E+008 1 9.853E+007 12.44 0.0055  

Residual 7.922E+007 1 7.922E+006    
Lack of Fit 7.904E+007 10 1.581E+007 429.82 < 0.0001 No  significant 
Pure Error 1.839E+005 5 36777.29    
Cor Total 1.441E+009 5 R-Squared 0.9450   
Std. Dev. 2814.65 19 Adj. R-Squared 0.8955   

Mean 8923.33  Pred. R-Squared -0.6740   
C.V. 31.54  Adeq. Precision 19.568   

PRESS 2.412E+009  R-Squared 0.9450   

Effect of process conditions 

Influence of individual effect 

Most of results of studies indicated that pretreatment can be implemented at low temperatures 
but with a relatively long time and high concentration of the alkaline. (Gaspar, M.; Kalman, G.; 
Reczey, K., 2007) (Zhang & Cai, 2008). In this study the solubility of COD evaluated in vary 
temperature of 30-200 oC. SCOD value was enhanced by increasing of temperature as shown in 
figure 3. The result indicated max. SCOD is obtained in around 157.5 oC. Increasing of 
temperature has inverse effect on production of SCOD.  
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Figure 3: Influence of temperature and stirring time on SCOD 
 
The increase of the soluble COD was noticed by increasing the stirring time (figure 4). Volume 
of thermochemical reactors is depended to stirring time. So, the selected stirring time should be 
based on desire rate of SCOD and economic limitation.  In a study that was performed in 
detention time 2.5 to 6.5hr, the solubility of solid waste increased 8.5 to 12.5% (Lo´pez Torres & 
Ma. del C. Espinosa, 2008). In some study experiments were performed in a fixed temperature 
and the influence of temperature on solubility have not been evaluated (Suna, Tomkinson, Ma, & 
Liang, 2000; Zhang & Cai, 2008). 
As shows in fig. 5, the minimum SCOD is obtained at around 7.5-10 g/l. the SCOD is increased 
as the concentration of sodium hydroxide solution increased from 15 to 30 g/l. Increasing of 
SCOD indicates that alkali pretreatment increases the rice straw solubility and its property is 
improved for bio gas generation process and composting process (Lo´pez Torres & Ma. del C. 
Espinosa, 2008 ; Fernandes, Klaasse Bos, Zeeman, Sanders, & van Lier, 2009).  

 

Fig4: Influence of decreasing of stirring time on SCOD.   
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Fig5: Influence of alkaline concentration on SCOD. 

Interactions between the variables 

Figure 6 shows the effect of temperature and stirring time on the SCOD production. From Figure 
6, it can be seen that factors of temperature and stirring time are interactive while solubility of 
rice straw.  The stirring time has positive effect on the SCOD produced when the temperature is 
high. For instance, increasing of the soluble COD from 11510.49 mg/l to 41684.06 mg/L was 
noticed by increasing the stirring time from 10 min to 180 min and increasing the temperature 
from 30 oC to 157.5 oC.  The NaOH concentration is fixed at 30g/l .  

 

Figure 6: Influence of temperature and stirring time on SCOD.   
 
Figure 7 shows the effect of the concentration of NaOH and temperature on SCOD produced.  
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Figure7: Influence of temperature and stirring time on SCOD.   
 
From the plot in Figure 7, at higher NaOH concentration, the increase in temperature of reaction 
until 157.5 oC associates a increasing in solubility of rice straw. For example, at high NaOH 
concentration of 30 g/l, the SCOD increased from 14547.98 to 41663.52 mg/l when the 
temperature was increased from 30 to 157.5 oC. From another perspective, by fixing the stirring 
time, the SCOD also varies with NaOH concentration in two distinct ways, depending upon the 
extreme of operating conditions employed. Minimum SCOD is obtained in concentration of 
NaOH of 7.5 g/l with fixed stirring time at 155.7 min. Therefore, it is evident that in order to 
obtain optimum SCOD by fixing the stirring time, it is indispensable to analyze the relationships 
of factors A and C. This is because of the indefinite trend observed in investigating such 
variation in this study as observed in Figure 7. 
Figure 8 shows the interaction between the concentration of NaOH and stirring time and their 
effects on the SCOD produced. Figure 8 indicates the 3D surface plot and the contour plot. 

 

Figure 8: Influence of stirring time and NaOH concentration on SCOD.   
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In Figure 8, it is evident that the trend observed is the similar to those in Figures 6 and 7. This is 
signifies that the variation of SCOD is highly indefinite and relies solely on the operating 
conditions such as stirring time and NaOH concentration. By analyzing the figure, it can be 
easily seen that at high NaOH concentration at fixed temperature 166.5 oC, the SCOD rises 
proportionally with stirring time. For example, at 30 g/l of NaOH, when the sample was subject 
to an alkaline thermochemical process stirring time increment of 180 min from 10 min., it 
consequently led to a proportional increase of SCOD to 41611.81 mg/l by approximately 
17939.83 mg/l. 
Besides that, by analyzing the table 2 in another perspective, the increase of the soluble COD 
from 3837.5 mg/l to 41200 mg/L was obtained when NaOH concentration was increased from 0 
g/l to 30 g/l, more than 90% decrease. In the condition temperature and stirring time were 200 oC 
and 180 min. Hence, it has been elucidated that SCOD is influenced indefinitely by the 
concentrations of NaOH and stirring time, as well as the temperature of reactor. 

PROCESS OPTIMIZATION  
In the alkaline hydrolysis of rice straw process, its yield can be increased by manipulating the 
parameters such as the concentrations of alkaline, temperature and detention time. Nevertheless, 
optimization the response is difficult as the variation of each parameter with hydrolysis of rice 
straw is highly indefinite as discussed in the previous section. Therefore, in order to optimize the 
response, the function of desirability was applied using Design Expert software version 6.0.6. In 
this study, numerical optimization was chosen. Numerical optimization presents a 
comprehensive and up-to-date description of the most effective methods in continuous 
optimization. It responds to the growing interest of optimization in engineering, science, and 
business by focusing on the methods that are best suited to practical problems (Nocedal and 
Wright, 2006). To do so, the upper and lower limit of each variable (NaOH concentration, 
temperature and stirring time) and its response as predicted by the model were provided based on 
the contour and surface plot obtained previously. The ultimate goal of this optimization was to 
obtain the maximum response that simultaneously satisfies all the variables properties. Table 6 
below shows constraints of each variable and the desired response.  

Table 6. Constraints of each variable for the numerical optimization of the SCOD 
 

Type of variable Goal Lower Limit Upper Limit 

NaOH Concentration, g/l  is in range  0 30 

Process temperature, °C  is in range  30 200 

Stirring time, min  is in range  10 180 

Specific capacitance  maximize  1654.17 41200 

 
Table 7 exhibits the 6 possible solutions which fulfilled all specified conditions. All solution 
gave desirability value of 1 representing the ideal solution. Therefore, the optimum conditions in 
any of the given solutions can be chosen for further validation. In this study, solution number 1 
(157.6 oC, 133.1 min and 29.9 g/l NaOH) was selected due to its highest prediction of response 
(41211 mg/l). 
For validation purpose, comparisons were made between the predicted optimum condition and 
its subsequent response with the results obtained from earlier experimental work. As observed 
the maximum SCOD production predicted for solution 1 was 41211 mg/l (157.6 oC, 133.1 min 
and 29.9 g/l NaOH). The maximum value of same response obtained from run 20 of 
experimental work with almost similar condition was 41200 (200 oC, 180 min and 30 g/l NaOH). 
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The percentage difference between both experimental and predicted values was 0.00027%. The 
low percentage proved that the model was significant in predicting the response. 

Table 7.  Optimum conditions for maximum SCOD production 
 
No.  Temperature , oC Time, min NaOH, g/l COD, mg/l Desirability 
1 157.6 133.1 29.9 41211 1.000 
2 142.9 145.7 30.0 41204 1.000 
3 166.6 164.2 30.0 41387 1.000 
4 163.4 136.1 30.0 41422 1.000 
5 173.8 142.8 30.0 41243 1.000 
6 122.8 115.8 30.0 38712 0.937 
7 116.4 97.8 0.0 21430 0.500 
8 116.8 98.6 0.0 21429 0.500 
9 122.8 108.9 0.0 21273 0.496 
 
COD extracted in optimum condition of this study is more than other study. For example The 
optimal solubilization condition for OFMSW was 2.3 g Ca (OH)2/L) and 6.0 h (Lo´pez Torres & 
Ma. del C. Espinosa, 2008). Under these conditions, dissolving reached levels up to 11.5%. 
Moreover, in optimal concentration, soluble COD decreased from 19,359 to 14,664 mg/L, a 
finding that also supports the above results (Lo´pez Torres & Ma. del C. Espinosa, 2008). 
Another study that develops an alkali pretreatment process prior to anaerobic digestion of pulp 
and paper sludge to enhanced the methane productivity. Maximum soluble COD , 83% was 
achieved in 8 g NaOH/100 g TS sludge (Yunqin, Dehan, Shaoquan, & Chunmin, 2009) 

CONCLUSION 
A well dissolving of cellulosic compounds in rice straw is achieved by alkaline thermochemical 
hydrolysis. Alkaline thermochemical hydrolysis process leads to the increasing of transformation 
of non-solution complex cellulosic compounds to soluble simple compounds. The mathematical 
model developed could predict the SCOD yield at any point in the experimental domain as well 
as the determination of the optimal solubilization conditions with sufficient degree of accuracy. 
The high accuracy of the model indicates that a two factors interaction (2FI) model could be 
used to optimize the SCOD value. The effect of alkaline and the thermochemical hydrolysis 
conditions to achieve an optimal response with 41211 mg/l of SCOD value were found to be 
157.6 oC for the reaction temperature, 133.1 min for the stirring time and 29.9 g/l for the NaOH 
concentration. The interactions between reaction temperature, stirring time and NaOH 
concentration had been accurately demonstrated and elucidated. These results proved that 
alkaline thermochemical pretreatment  was highly potential for increasing the SCOD value of 
rice straw and the use of RSM based on CCD was practical for the simultaneous study of effects 
by process variables on the SCOD value and the possible interaction between them. Also from 
the results, a process for the production of biogas or compost from organic solid waste shall have 
two main stages.  The two-stage design must involve alkaline pretreatment, followed by 
anaerobic digestion or composting process unit. In this situation the rejected and risk of water 
and soil resource waste will be decreased to minimum. 

BIBLIOGRAPHY  
• Abdelhamid, M. T., Horiuchi, T., & Oba, S. (2004). Composting of rice straw with oilseed rape 

cake and poultry manure and its effects on faba bean (Vicia faba L.) growth and soil properties. 
Bioresource Technology , 93, 183–189. 



WWW-YES-2011 proceedings (draft version) 

140 / 141 

• Azargoha, R., & Dalai, A. K. (2005). Production of activated carbon from Luscar char: 
Experimental and modelling studies. Micropor. Mesopor. Mater. , 219-225. 

• Corral, M. C., Samani, Z., Hanson, A., Smith, G., Funk, P., Yu, H., et al. (2008). Anaerobic 
digestion of municipal solid waste and agricultural waste and the effect of co-digestion with dairy 
cow manure. Bioresource Technology , 8288-8293. 

• Delgenés, J. P., Penaud, V., & Moletta, R. (2002). Biomethanization of the Organic Fraction of 
Municipal Solid Wastes. IWA Publishing. 

• Fernandes, T. V., Klaasse Bos, G. J., Zeeman, G., Sanders, J. P., & van Lier, J. B. (2009). Effects 
of thermo-chemical pre-treatment on anaerobic biodegradability and hydrolysis of lignocellulosic 
biomass. Bioresource Technology , 2575–2579. 

• Gaspar, M.; Kalman, G.; Reczey, K. (2007). Corn fibre as a raw material for hemicellulose and 
ethanol production. Process Biochem. , 42, 1135-1139. 

• Godliving, M. Y. (2009). Review of Recent advances in pretreatment of lignocellulosic wastes 
and production of value added products. African Journal of Biotechnology , 1398-1415. 

• Goyal, S., Dhull, S. K., & Kapoor, K. K. (2005). Chemical and biological changes during 
composting of different organic wastes and assessment of compost maturity. Bioresource 
Technology , 1584–1591. 

• Heerah, A. S., Mudhoo, A., Mohee, R., & Sharma, S. K. (2008). STEAM PRE-TREATMENT 
OF LIGNOCELLULOSIC WASTES FOR BIOMETHANOGENESIS. Rasayan J. Chem , 503-
514. 

• Iranzo, M., Canizares, J. V., Roca-Perez, L., Sainz-Pardo, I., Mormeneo, S., & Boluda, R. (2004). 
Characteristics of rice straw and sewage sludge as composting materials in Valencia (Spain). 
Bioresource Technology , 95, 107-112. 

• KIM, J., PARK, C., KIM, T.-H., LEE, M., KIM, S., KIM, S. E.-W., et al. (2003). Effects of 
Various Pretreatments for Enhanced Anaerobic Digestion with Waste Activated Sludge. 
JOURNAL OF BIOSCIENCE AND BIOENGINEERING , 95, 271-275. 

• Lo´pez Torres, M., & Ma. del C. Espinosa, L. (2008). Effect of alkaline pretreatment on 
anaerobic digestion of solid wastes. Waste Management , 28, 2229–2234. 

• Montgomery, D. C. (2001). Design and analysis of experiments. New York: John Wiley and 
Sons. 

• Paola Castaldi, G. G. (2008). Maturity assessment of compost from municipal solid waste 
through the study of enzyme activities and water-soluble fractions. Waste Management , 534–
540. 

• Penaud, V.; Delgene`s, J. P.; Moletta, R. (1999). Thermo-chemical pretreatment of a microbial 
biomass: influence of sodium hydroxide addition on solubilization and anaerobic 
biodegradability. Enzyme and Microbial Technology , 25, 258-263. 

• Suna, R. C., Tomkinson, J., Ma, P. L., & Liang, S. F. (2000). Comparative study of 
hemicelluloses from rice straw by alkali and hydrogen peroxide treatments. Carbohydrate 
Polymers , 42, 111-122. 

• Sylla, Y. B., & Kuroda, M. (2006). Feasibility study of a passive aeration reactor equipped with 
vertical pipes for compost stabilization of cow manure. Waste Manage Res , 24, 456–464. 

• Tarkov, H., & Feist, W. C. (1969). A mechanism for improving the digestibility of lignocellulosic 
materials with dilute alkali and liquid ammonia. Adv. Chem. Ser. , 95, 197–218. 

• Yamada, Y., & Kawase, Y. (2006). Aerobic composting of waste activated sludge: Kinetic 
analysis for microbiological reaction and oxygen consumption. Waste Management , 49–61. 

• Yunqin, L., Dehan, W., Shaoquan, W., & Chunmin, W. (2009). Alkali pretreatment enhances 
biogas production in the anaerobic digestion of pulp and paper sludge. Journal of Hazardous 
Materials , 170, 366-373. 



11th World Wide Workshop for Young Environmental Scientists WWW-YES-2011  
Urban waters: resource or risks? Arcueil, France (5 - 10 June 2011) 

141 / 141 

• Zhang, Q. Z., & Cai, W. M. (2008). Enzymatic hydrolysis of alkali-pretreated rice straw by 
Trichoderma reesei ZM4-F3. Biomass Bioenergy , 32, 1130-1135. 

• Zhao, Y., Wang, Y., Zhu, J. Y., Ragauskas, A., & Deng, Y. (2008). Enhanced Enzymatic 
Hydrolysis of Spruce by Alkaline Pretreatment at Low Temperature. Biotechnology and 
Bioengineering , 99, 1320-1328. 

WWW-YES-2011-Proceedings-Draft-Text-2011-05-12.doc 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Copyright WWW-YES ™ 
University Paris-Est, LEESU 
http://leesu.univ-paris-est.fr/  
http://leesu.univ-paris-est.fr/yes/  
Association H2o Paris  
Conseil général du Val de Marne (CG94), festival Oh ! 
www.cg94.fr  
Communauté d’Agglomération du Val de Bièvre (CAVB) 
http://www.agglo-valdebievre.fr/  
May 2011 

http://leesu.univ-paris-est.fr/
http://leesu.univ-paris-est.fr/yes/
http://www.cg94.fr/
http://www.agglo-valdebievre.fr/

	WWW-YES-2011-Proceedings-First-Cover-2011-05-11-3
	WWW-YES-2011-Proceedings-Draft-Text-2011-05-12.pdf
	WWW-YES-2011 Preliminary detailed programme
	Monday 6 June
	Tuesday 7 June
	Wednesday 8 June
	Thursday 9 June
	Friday 10 June

	WWW-YES-2010 proceedings (draft version)
	WWW-YES-2011 session 1: Water quality
	WWW-YES-2011 session 2: Water quality 
	 BRIENT L., Lengronne M., Bertrand E., Rolland D., Spiel A., Steinmann D., Baudin I., Legeas M., Le Rouzic B. and Bormans M. (2008). A phycocyanin probe as a tool for monitoring cyanobacteria in freshwater bodies. Journal of Environmental Monitoring 10(2):  248-55.
	WWW-YES-2011 session 3: Water treatment

	WWW-YES-2011-Proceedings-Last-Cover-2011-05-11-2



