Advanced Biological
Treatment Processes for
Industrial Wastewaters

Principles and Applications

Edited by

Francisco J. Cervantes, Spyros G. Pavlostathis and Adrianus C. van Haandel

WA

Publishing

London e Seattle



Published by IWA Publishing, Alliance House, 12 Caxton Street, London SW1H 0QS, UK

Telephone: +44 (0) 20 7654 5500; Fax: +44 (0) 20 7654 5555; Email: publications@iwap.co.uk;
Web: www.iwapublishing.com

First published 2006
© 2006 IWA Publishing

Printed by Lightning Source
Typeset by Gray Publishing, Tunbridge Wells, UK
Index prepared by Indexing Specialists, Hove, UK

Apart from any fair dealing for the purposes of research or private study, or criticism or review,

as permitted under the UK Copyright, Designs and Patents Act (1998), no part of this publication
may be reproduced, stored or transmitted in any form or by any means, without the prior permission
in writing of the publisher, or, in the case of photographic reproduction, in accordance with the
terms of licences issued by the Copyright Licensing Agency in the UK, or in accordance with

the terms of licenses issued by the appropriate reproduction rights organization outside the

UK. Enquiries concerning reproduction outside the terms stated here should be sent to

IWA Publishing at the address printed above.

The publisher makes no representation, express or implied, with regard to the accuracy of the
information contained in this book and cannot accept any legal responsibility or liability for errors
or omissions that may be made.

Disclaimer

The information provided and the opinions given in this publication are not necessarily those of IWA
or of the authors, and should not be acted upon without independent consideration and professional
advice. IWA and the authors will not accept responsibility for any loss or damage suffered by any
person acting or refraining from acting upon any material contained in this publication.

British Library Cataloguing in Publication Data
A CIP catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

ISBN-10: 1843391147
ISBN-13: 9781843391142



Contents

Contributors

Strategies for industrial water pollution control
EJ. Cervantes and S.G. Pavlostathis
1.1 Introduction
1.2 Global perspective on water scarcity and water pollution
1.3 Pollution prevention approaches
References

Basic concepts of biological processes

S.G. Pavlostathis

2.1 Introduction

2.2 Microorganisms

2.3 Microbial metabolism

2.4 Microbial growth

2.5 Kinetics of microbial growth

2.6 Stoichiometry and bioenergetics

2.7 Continuous-flow systems

2.8 Mass-transfer effects and mixing
References

Principles of process design for industrial wastewater
treatment systems

A.C. van Haandel, O. Monroy, B. Celis, E. Rustrian and FJ. Cervantes

3.1 Introduction

3.2 Aerobic carbon-oxidizing processes

3.3 Anaerobic treatment systems

3.4 Nitrogen removal in wastewater systems

\%

ix

W L N —

16

16
17
19
24
26
35
37
44
45

47

47
48
68
79



vi

Contents

3.5 Biological phosphorus removal
3.6 The sulphur cycle
References

Biological wastewater treatment systems
G. Buitron, E. Razo-Flores, M. Meraz and E Alatriste-Mondragon
4.1 Introduction
4.2 Aerobic systems
4.3 Anaerobic systems
4.4 Anaerobic—aerobic systems
References

Application of biological treatment systems for

nitrogen-rich wastewaters

N. Bernet and M. Spérandio

5.1 Introduction

5.2 Suspended biomass processes

5.3 Biofilm processes

5.4 Conclusion: from treatment to recovery
References

Application of biological treatment systems for

sulfate-rich wastewaters

M. Ferndndez-Polanco and RA. Garcia Encina

6.1 Introduction

6.2 Sulfate-rich wastewaters

6.3 Problems associated with sulfate-rich wastewaters treatment

6.4 Strategies to overcome problems associated with sulfate-rich
wastewaters treatment

6.5 Recent developments and challenges

6.6 Wastewater treatment
References

Application of biological treatment systems for
food-processing wastewaters
N. Bernet and E. Paul
7.1 Characteristics and specificity of food-processing wastewaters
7.2 Preliminary treatments
7.3 Anaerobic digestion
7.4  Aerobic treatment
7.5 Two-stage anaerobic—aerobic treatment
7.6 Biological treatment for nutrient removal
References

111
118
133

141

141
142
162
177
180

186

186
187
198
205
208

213

213
214
215

222
226
227
231

237

237
243
244
250
259
261
262



Contents vii

8. Application of biological treatment systems for

chemical and petrochemical wastewaters 267

E. Razo-Flores, H. Macarie and F. Morier

8.1 Introduction 267

8.2 Characterization of CPI wastewater 268

8.3 Case studies 273
References 293

9. Closing process water cycles and product recovery in

textile industry: perspective for biological treatment 298
A.B. Dos Santos, 1. A.E. Bisschops and E.J. Cervantes
9.1 Introduction 298
9.2 Characterisation of textile wastewater 300
9.3 COD removal 305
9.4 Colour removal 308
9.5 Industrial full-scale applications for treatment of
textile wastewaters 313
References 318

10. Heavy metal removal with biogenic sulphide:

advancing to full-scale 321
J. Weijma, A. Veeken, H. Dijkman, J. Huisman and P. Lens
10.1 Introduction 321
10.2 Background 323
10.3 Engineering metal precipitation with biogenic sulphide 323
10.4 Dissimilatory metal reduction 329
10.5 Outlook 330
References 331

Index 335






Contributors

Editors

Francisco J. Cervantes
Department of Water &
Environmental Sciences
Instituto Tecnoldgico de Sonora
Av. 5 de Febrero 818 Sur

Cd. Obregon, Sonora

85000 Mexico
fcervantes@itson.mx

Adrianus C. van Haandel
Department of Civil Engineering
Universidade Federal de Paraiba
R. Aprigio Veloso 882-58.109-970
Campina Grande, Pb Brazil
prosab@uol.com.br

Contributors

Felipe Alatriste-Mondragon
Divisién de Ingenieria Ambiental y
Manejo de Recursos Naturales
Instituto Potosino de Investigacion
Cientifica y Tecnologica (IPICyT)
San Luis Potosi, SLP, Mexico
falatriste@titan.ipicyt.edu.mx

X

Spyros G. Pavlostathis

School of Civil & Environmental
Engineering

Georgia Institute of Technology
311 Ferst Drive Atlanta

GA 30332-0512, USA
spyros.pavlostathis@ce.gatech.edu

Nicolas Bernet

Laboratoire de Biotechnologie de
I’Environnement

INRA, Avenue des Etangs

11100 Narbonne, France
bernet@ensam.inra.fr



X Contributors

Iemke A. E. Bisschops
Lettinga Associates Foundation
6700 AM Wageningen

The Netherlands
iemke.bisschops@wur.nl

German Buitron

Institute of Engineering
National University of Mexico
UNAM

04510 Mexico, D.F., Mexico
gbm(@pumas.ii.unam.mx

Berenice Celis

Division de Ingenieria Ambiental y
Manejo de Recursos Naturales
Instituto Potosino de Investigacion
Cientifica y Tecnologica (IPICyT)
San Luis Potosi, SLP
celis@ipicyt.edu.mx

Henk Dijkman

Paques BV

T.de Boerstraat 24

8560 AB Balk, The Netherlands
h.dijkman@paques.nl

Andre B. dos Santos
Department of Hydraulic &
Environmental Engineering
Universidade Federal do Ceara
Campus do Pici-Bloco 713
60455-760, Fortaleza

Ceara, Brazil

Maria Fernandez-Polanco
Department of Chemical Engineering
and Environmental Technology
Universidad de Valladolid

47011 Valladolid Spain
maria@iq.uva.es

Pedro A. Garcia Encina
Department of Chemical Engineering
and Environmental Technology

Universidad de Valladolid
47011 Valladolid Spain
pedro@iq.uva.es

Jacco Huisman

Paques BV

T.de Boerstraat 24

8560 AB Balk, The Netherlands
j-huiman@paques.nl

Piet Lens

Sub-Department of Environmental
Technology

Wageningen University

6700 EV Wageningen

The Netherlands
Piet.Lens@wur.nl

Hervé Macarie

IRD, Unité BioTrans, IMEP
Université Paul Cézanne

Faculté des Sciences de St. Jérome
13397 Marseille cedex 20, France
herve.macarie@ird.fr

Moénica Meraz

Department of Biotechnology
Universidad Autdbnoma Metropolitana
Iztapalapa, D. F. Mexico
meraz@xanum.uam.mx

Oscar Monroy

Department of Biotechnology
Universidad Autonoma Metropolitana
Iztapalapa, D. F. Mexico
monroy@xanum.uam.mx

Frangois Morier

Proserpol

8, rue Jean-Pierre Timbaud
78180 Montigny le Bretonneux
France
francois.morier@proserpol.fr



Contributors

Etienne Paul

National Institute For Applied
Sciences (INSA)

Département of Chemical and
Environmental processes (GPE)
135 Avenue de Rangueil, 31077
Toulouse cedex 04

France

Elias Razo-Flores

Division de Ingenieria Ambiental y
Manejo de Recursos Naturales
Instituto Potosino de Investigacion
Cientifica y Tecnologica (IPICyT)
San Luis Potosi, SLP, Mexico
erazo@ipicyt.edu.mx

Elena Rustrian

Facultad de Ciencias Quimicas
Universidad Veracruzana

94340 Orizaba, Veracruz Mexico
erustrian@uv.mx

Mathieu Sperandio

National Institute For Applied
Sciences (INSA)

Département of Chemical and
Environmental processes (GPE)
135 Avenue de Rangueil, 31077
Toulouse cedex 04

France

Adrie Veeken
Wageningen University
6700 EV Wageningen
The Netherlands
adrie.veeken@wur.nl

Jan Weijma

Paques BV

T. de Boerstraat 24

8560 AB Balk, The Netherlands
j-weijma@paques.nl

X1



