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Preface

The valu e o f ou r limited natura l resource s continues t o appreciat e a s they ar e
exploited t o suppor t an d indulg e the huma n species . Th e ever-growing demand s for
energy, security , food , healthcar e an d consumable s hav e place d unprecedente d
pressure o n our ecosystem an d accentuated th e need fo r sustainable managemen t o f
the environment . Contaminatio n o f natura l resources , includin g soil s an d
groundwater, remains a  majo r globa l ecological concern in the 21st century. I t cannot
be underemphasized that the health of our soils and groundwater i s intimately tied to
our well-being and to the wellness of other species that share our ecosystem.

This boo k present s a  discussio n o f approache s an d technologies tha t ar e mos t
commonly deploye d fo r th e restoratio n o f contaminate d soil s an d groundwater . A
need fo r a n up-to-dat e tex t tha t summarize d these technologies i n a n easy-to-rea d
format wa s identifie d b y the ASCE' s Technical Committe e on Hazardous, Toxic and
Radioactive Waste in 2003. The committee envisioned a  book prepared by a team of

experts that would serv e a reference for practicing professionals and could be equally
effective a s a text in an undergraduate or graduate classroom.

The organizatio n of this book is based o n the type s o f technologies use d i n the
remediation o f soil s an d groundwater . Chapte r 1  introduces th e topi c o f soi l an d
groundwater remediatio n an d summarize s th e content s o f th e book . Chapte r 2

presents a  brie f discussio n o f th e fundamenta l physical , chemica l an d biologica l
processes tha t ar e a t play a t a  contaminated sit e an d durin g site cleanup. Chapter s 3
and 4  explor e an d analyz e conventiona l physica l an d chemica l sit e remediatio n
technologies, respectively. Chapter 5  focuses o n redox an d precipitation processes,
and associate d engineerin g applications , an d Chapte r 6  take s a  close r loo k a t th e
concept and application of chemical reactive barrier technology.

Chapter 7  describes th e processes an d factor s responsibl e fo r biotransformatio n
of soi l an d groundwate r contaminants . Chapter s 8  an d 9  discus s a  variet y o f

bioremediation technologie s base d o n biotransformation s mediate d b y bacteria ,
enzymes and fungi . Chapte r 1 0 focuses o n the application o f phyto-processes to the
cleanup o f contaminate d sites . Chapte r 1 1 take s a  close r loo k a t processe s an d
technologies use d t o remediat e metal-contaminate d soils . Finally , Chapte r 1 2
discusses commonl y followe d approache s fo r long-term monitorin g o f contaminate d
and treated sites.

The editors acknowledge the hard work and patience o f the all authors who have
contributed to this book.

- AB, RS, PC, SKO, RDT and IL
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CHAPTER 1

Introduction

Alok Bhandari

1.1 Backgroun d

The extensiv e contaminatio n o f soi l an d groundwate r resource s ha s bee n a n
undesirable consequenc e o f th e rapi d industrializatio n experience d b y th e world' s
developed an d developin g economie s sinc e Worl d Wa r II . Post-wa r successe s i n
enhancing th e agricultura l productivit y o f cropland s le d t o a n explosio n o f urba n
populations, whic h i n turn , resulte d i n a n econom y devote d t o mas s productio n o f
consumables. Thi s economi c expansio n was , t o a  grea t extent , fuele d b y energ y
resources includin g petroleum , coa l an d nuclea r power . Th e post-wa r year s als o
witnessed th e manufactur e an d us e o f a  variet y o f xenobioti c chemical s designe d t o
maintain the growing standards of living by preservation of food and other consumables .
The inappropriat e use and disposal of natural and xenobiotic hazardous chemical s during
the secon d hal f o f th e 20 th centur y hav e le d t o massiv e contaminatio n o f soil s an d
groundwater a t site s acros s th e Unite d State s an d othe r countries . Today , thes e
contaminated site s includ e those tha t are polluted with toxins an d carcinogens includin g
petroleum hydrocarbons , fue l additives , pesticides , heav y metals , radionuclides ,
explosives, and solvents.

In th e Unite d States , th e Resourc e Conservatio n an d Recover y Ac t (RCRA ) o f
1976 and the Comprehensiv e Environmenta l Response, Compensatio n an d Liabilit y Act
(CERCLA o r Superfund ) o f 198 0 provide d a majo r boos t t o cleanu p effort s associate d
with contaminate d soil s an d groundwater . Whil e originall y funde d a t $1. 6 billio n t o
clean 40 0 sites , CERCL A resulte d i n th e discover y o f additiona l site s expandin g it s
budget to $27 billion by 1990 (NRC, 1999) . The U.S. Environmenta l Protection Agenc y
(EPA) predicte d tha t th e numbe r o f site s requirin g cleanu p coul d increas e t o 2,00 0
costing u p to $50 0 billion . By the en d of 2005 , the Superfun d program ha d complete d
construction a t 966 o r 62% o f privat e and federa l sites, an d wor k was underwa y a t 422
additional sites . More recent estimate s expect the cost o f environmenta l remediatio n of
such sites to easily exceed $1 trillio n (NRC, 1997, 1999).
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