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Foreword

THIS COMPILATION OF THE JOURNAL OF ASTM INTERNATIONAL
(JAI), STP1518, on Contaminated Sediments: Sustainable Management
and Remediation, contains only the papers published in JAI that were
presented at a symposium in Dublin, Ireland from June 30 to July 3,
2009 and sponsored by ASTM Committee D18 on Soil and Rock.

The JAI Guest Editors are Mark Dyer, Trinity College, Dublin, Ireland
and Rosa Galvez, Laval Univeristy, Quebec, Canada.



Contents

Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Site Characterisation and Contaminant Transport

Development and Application of an Analytical Method for the Determination of
Partition Coefficients of Tributyltin in the Forth and Clyde Canal, Glasgow, Scotland

S. Bangkedphol, H. E. Keenan, C. Davidson, A. Sakultantimetha, M. Dyer, and
A. Songsasen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Determination of Spatial and Seasonal Distribution of Surface Sediment Contamination
in an Irish River and Estuarine System

Dr. C. J. Buggy and Dr. J. M. Tobin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Chemical Speciation and Heavy Metal Mobility in Contaminated Marine Sediments
I. Damikouka and A. Katsiri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

Polychlorinated Biphenyl Transport from Consolidation of Contaminated Sediments
During In Situ Capping

J. J. Lenhart, J. Lee, Y. S. Hwang, and P. J. Fox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Effect of Contaminated Suspended Solids on Water and Sediment Qualities and Their
Treatment

T. Inoue, C. N. Mulligan, E. M. Zadeh, and M. Fukue . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Distribution and Correlation of Tributyltin and Organic Matter in the Sediments of
Hakata Bay, Japan

M. Ohtsubo, T. Higashi, M. Kanayama, S. Inoue, and Y. Oshima . . . . . . . . . . . . . . . . . . 102

Speciation and Mobility Assessment of Heavy Metals in the Coastal Municipal Solid
Waste Incinerator Ash Landfill

T. Inui, Y. Oya, H. Plata, T. Katsumi, and M. Kamon . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

Dioxin Assessment in a River Flood Plain: Soil and Sediment Contamination
J. W. VanHouten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

Risk Management, Ecotoxicology and Quality Assessment Models

A New Approach to Sustainable Canal Sediment Management in Scotland
O. L. Lassière, N. A. Smith, J. B. G. Johnstone, and A. R. Hamilton . . . . . . . . . . . . . . . . 145

Verification of Site Cleanup Using a Dual-Equilibrium Desorption Model
C. S. Manhart, R. C. Chaney, C. J. Watt, and S. Slonim . . . . . . . . . . . . . . . . . . . . . . . . . 170

Sediment Trend Analysis in Support of Unexploded Explosive Ordnance Risk
Assessment

P. McLaren and M. Braid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

Treatment of Salted Road Runoffs Using Typha latifolia, Spergularia canadensis, and
Atriplex patula: A Comparison of Their Salt Removal Potential

B. Morteau, G. Triffault-Bouchet, R. Galvez, L. Martel, and S. Leroueil . . . . . . . . . . . . . . 218

Evaluating Management Options for the Disposal of Dredged Sediments
M. Pantazidou, A. Katsiri, and K. R. Reddy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228

Ecotoxicological Assessment of an In-Lake Remediation Method
G. Soumis-Dugas, G. Triffaut-Bouchet, R. Galvez, and L. Martel . . . . . . . . . . . . . . . . . . 248



Innovative Remediation Technologies and Processes

Contaminated Sediment Management by Capping and Deep Water Confined Aquatic
Disposal in the Harbor of Oslo

G. D. Breedveld, A. Pettersen, A. M. P. Oen, E. Eek, G. Cornelissen, A. Kibsgaard,
A. Hauge, T. Jørgensen, and K. L. Jensen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

Experimental Studies on Coupled Treatment of Chromite Ore Processing Residue
M. Chrysochoou, D. Dermatas, and C. Christodoulatos . . . . . . . . . . . . . . . . . . . . . . . . . 281

Enhanced Electrokinetic Remediation of Mercury-Contaminated Tailing Dam
Sediments

A. K. Darban, B. Ayati, R. N. Yong, A. Khodadadi, and A. Kiayee . . . . . . . . . . . . . . . . . . 296
Natural Attenuation of Endocrine Disrupting Chemicals in On-Site Domestic
Wastewater Treatment Systems

L. Gill, B. Misstear, P. Johnston, and N. O’Luanaigh . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312
Effects of Amendment Materials on Cement-Solidified Contaminated Marine
Sediments—Mechanical Stability and Leaching of Heavy Metals

M. Kvennås, M. Sparrevik, and R. S. Grini . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 332
Remediation of Harbor Sediments Contaminated by Polycyclic Aromatic Hydrocarbon
and Metals

V. P. N. Nosari and G. Geddo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Isolation of Tributyltin-Degrading Bacteria Citrobacter braakii and Enterobacter cloacae
from Butyltin-Polluted Sediment

A. Sakultantimetha, H. E. Keenan, M. Dyer, T. K. Beattie, S. Bangkedphol, and
A. Songsasen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369

Long-Term Properties of Airfoam-Treated Lightweight Soil Made from Dredged Clay
Y. Watabe, M. Tanaka, H. Saegusa, H. Shinsha, and T. Tsuchida . . . . . . . . . . . . . . . . . . 378

An Innovative Solution for Managing Waterworks Sludge: Developing an Alum
Sludge-Based Multistage Constructed Wetland System for Wastewater Treatment

Y. Q. Zhao, A. O. Babatunde, and X. H. Zhao . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409



Overview
Water bodies and seaways like the Mekong River in Asia and the Saint
Lawrence River in Canada or heavy ship traffic ports in service worldwide,
like those in cities such as Taranto (Italy), Istanbul (Turkey), Tokyo (Japan),
or New York (USA), are omnipresent in the history of human development.

Retrospectively, there was an ancient belief that water bodies carried an
unlimited self-purifying power and thus toxic substances have been dis-
charged into waters since the beginning of the Industrial Revolution, caus-
ing contaminated water and sediments. It has been estimated that almost
half of the industries active in the areas of agriculture, industrial produc-
tion, manufacturing, and extraction or treatment of natural resources are
located near the shores of ports on rivers or seas. Today entire river, lake,
and ocean-shores ecosystems are threatened with exposure to the accumu-
lated toxic substances.

Observations on the decline of fish, bird, and mammal populations, an
increase in algae blooms on water bodies, the need to manage contaminated
sediments to keep waterways in service, or re-give water bodies their recre-
ational role, have aroused public concern about contaminant accumulation
within bottom sediments. The global awareness of the limits to human
growth has, fortunately, turned the concepts of sustainable development
into a social priority. The application of these concepts is becoming reality in
the forms of protection, restoration, and environmental planning and ac-
tions.

As ASTM-STP1518 will show, the last several years have witnessed an
increase in government policies and bills that have provided funds to con-
duct research and characterization/restoration projects all over the world.
STP1518 includes a fine compilation of interesting case studies for impor-
tant projects being conducted in Ireland, Scotland, Malaysia, Turkey, Japan,
Canada, and the USA. These projects provide examples of detailed
geochemical characterization, contaminant cause–effect links with health,
natural attenuation, and proposals of environmentally sound solutions to
the SUSTAINABLE MANAGEMENT AND REMEDIATION OF CON-
TAMINATED SEDIMENTS. From this point of view, the organizing com-
mittee of the 4th ASTM International Symposium of Contaminated Sedi-
ments (ISCS) is proud to have achieved its main objective.

Indeed, papers presented at the 4th ASTM ISCS showed that sediments
constitute a concentrated reservoir of metals, heavy metals, organic con-
taminants (HAPs, PCBs, TBT) in concentrations ranging from trace levels
to several orders of magnitude higher than those found in the overlaying or
in the interstitial water. Ecotoxicological data shows that contaminated
sediments can threaten an ecosystems health by increasing the mortality
rates and/or by decreasing the growth or reproductive rates of susceptible
aquatic populations where these effects can be transferred throughout the
ecosystem via food chain pathways.
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Data on dredged sediments from Istanbul, Tokyo, or Taranto ports
showed contamination of various degrees. In the past, when not discharged
into open water or along the water banks, the dredged material was used as
filling material for dam construction, as a source of sand and clay for con-
struction, and for building artificial islands. Today these reuse activities are
limited due to an increased awareness of the toxicity of the sediments.

The environmentally safe handling of contaminated sediments is a new
area of concern for geo-environmental engineers. The options to frequently
consider are: (a) coverage of contaminated sediments by structural features
or by adding fixing agents; (b) the neutralization of contaminants by dredg-
ing, treating, and re-deposition of the sediments in place; (c) the dredging of
the contaminated sediments followed by off-site encapsulation; and (d) the
encapsulation of the sediments along the shore by dredging, accumulating,
and covering.

Due to the potential threat to human/ecosystem health, projects are fre-
quently subject to the approval of environmental evaluations and public
hearings. Involving the majority of stakeholders from the beginning of any
remediation project, from coneption through the decision-making process, is
judged to be greatly beneficial. Aspects such as stakeholder preoccupations,
building integrated remediation scenarios, aid decision approaches, and
public communication will be included in the program of the 5th ASTM ISCS
scheduled to take place in Montreal in 2012.

Some aspects and points of discussion that could be added to the techni-
cal program of the 5th ASTM ISCS include the following:

Most remediation scenarios include dredging, probably because dredging
appears to be the only solution to recuperate the contaminants within the
sediments. The problem of what to do with the extracted sediments still
remains to be carefully considered (technically, economically, and environ-
mentally). The sediments may be considered as hazardous waste and must
be detoxified to one’s best ability as stipulated by local government regula-
tions.

The main constraint against dredging is the potential hazard of re-
suspending the contaminants in the water column. The factors controlling
this hazard were reviewed during keynote lectures. The potential hazard
associated with re-suspension is a valid concern when dealing with open
water bodies such lakes, rivers, or ocean sites (as opposed to canals) in which
the protection of micro- and macro-habitats is a priority. However, modifica-
tions and upgrading of dredging equipment may assist in the minimization
of this difficulty. Several specialized bodies (i.e., the U.S. Army Corps of En-
gineers) have elaborated procedures to minimize the ecological impact and
accentuated the need for building better dredging equipment. In that sense,
Japan, USA, Belgium, and The Netherlands have also marketed dredging
equipment with special features specifically for the dredging of contami-
nated sediments.

The installation of a low permeability cover membrane or the use of fixing
features (e.g., grids, sand/gravel) as possible solutions may be limited by a
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self-consolidation and overloading phenomenon that may result in the ex-
trusion of pore water containing some of the contaminants.

There is no universal cover material, and the choice and installation tech-
niques for such a membrane on-site are complex. At present, this technique
is used frequently for emergency situations and serves to control the escape
of contaminants (e.g., during hazardous waste spills). For long-term utiliza-
tion of these membranes, exhaustive compatibility studies between sedi-
ments and membranes must be investigated. It must be recognized, how-
ever, that the in situ encapsulation and/or mechanical fixation of
contaminants is definitely a non- permanent solution from the viewpoint
that contaminants will remain in their actual state, protected by a liner for
which lifetime and membrane integrity assurance are the subjects of great
controversy.

The treatment option, either in situ or ex situ, seem to be in harmony
with public environmental concerns since contaminants will be either re-
moved or fixed.

Remedial techniques are presently chosen and applied based mainly on a
cost analysis linked to an incomplete risk evaluation of the hazard posed by
contaminated sediments, both facts being reflected in an absence of reme-
diation criteria. If better knowledge of how contaminants are retained
within the sediments is available, efficiencies of contaminant removal or
fixation—or the actual real need for decontamination (the no action
option)—would be quantifiable, the incertitude of risk levels will be mini-
mized, and rational, realistic remediation goals will ultimately be applied in
technically sound decontamination projects.

The editors wish to thank all the members of the international and local
organizing committee for all efforts and collaboration. Thanks are extended
to the editorial and symposia ASTM teams, in particular to Dorothy Fitz-
patrick, for her patience and always positive input.

We also wish success to the organizing committee of the 5th ASTM ISCS
to be held in Montreal in 2012, and would like you to consider this publica-
tion as an invitation and the promise of a grand event. In the meantime you
are invited to continue the exchange of views and knowledge that took place
at the 4th ASTM ISCS by visiting www.astm4iscs.blogspot.com.

Rosa Galvez, Prof., Ph.D., M. Eng., P. Eng. (ASTM, CSCE)
Laval University,
Quebec, Canada

Mark Dyer, Prof., BEng, BSc, MA, DPhil, CEng, MICE
Trinity College,
Dublin, Ireland

July, 2009
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